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A B S T R A C T   

Food waste is a worldwide problem. One third of the food produced in the world is lost or wasted every year. 
Most of this waste takes place downstream of the supply chain due to consumer behavior. This issue is expected 
to increase in both developed and emerging economies. With the beginning of the COVID-19 pandemic, a range 
of challenges led to changes in consumer behavior. This study explores household food waste behavior during the 
COVID-19 pandemic through the lens of the Theory of Planned Behavior. The risk perception regarding the 
pandemic was integrated into a broader framework, which was analyzed by Structural Equation Modeling. The 
sample comprises the participation of 452 Brazilian individuals. The results show that all the predictors incor
porated in the model were statistically significant. The intention of reducing household food waste during the 
pandemic was found to be the strongest predictor of food waste behavior. Additionally, the pandemic apparently 
influenced consumers’ perceptions about the control they think they have over food waste. This research has 
theoretical and managerial implications. From a theoretical perspective, this study identifies key predictors of 
household food waste by considering a period of health crisis in an emerging country. From a managerial 
standpoint, this research may provide a learning experience for future similar scenarios. Results may also 
motivate consumers to look for ways to reduce, reuse and recycle food waste.   

1. Introduction 

COVID-19 (SARS-CoV-2) is a highly transmissible respiratory disease 
that has been a threat to the human population all over the world [1]. To 
date, over 555 million cases have been reported worldwide, causing 
more than 6 million deaths [2]. Some countries have been able to 
minimize the negative effects of the pandemic through the adoption of 
effective policies. Evidence has shown that there is not just one strategy 
to combat the spread of COVID-19 throughout countries [3]. It is known 
that the countries that have tackled the COVID-19 pandemic better are 
those that have been able to combine strong institutional policies with 
sound cultural orientation [4]. This implies, for instance, the availability 
of universal health coverage, a robust social protection system, and 
effective governance [5]. Because of lacking these pivotal resources, 
many undeveloped and developing nations have struggled to deal with 
the most severe health crisis of the last few decades. 

In Brazil, the pandemic has caused the loss of lives and economic and 

political damage since the first case was reported on February 25, 2020. 
More than two years later, the epidemic continues to spread across the 
country, with over 672,000 deaths and over 32 million cases [2]. The 
pandemic has impacted on people’s lives and changed behaviors in 
several ways, such as: the need to work or study remotely [6]; general 
restrictions to avoid large gatherings [7]; changes in most people’s so
cial lives [8]; and changes in eating habits [9]. Eating habits refers to 
how people use a certain type of food, which may include the stages of 
food selection, production, preparation, and consumption [10]. 

When considering changes in eating habits during the pandemic, it is 
important to highlight that the main changes in behavior may be 
observed due to a series of facts. These include the following: increased 
online shopping to avoid frequent trips to the shops [11]; increased 
consumption of ready-to-eat products through delivery services; 
increased consumption of convenience food; stockpiling at home due to 
monetary or supply insecurity [12–14]; decreased visits to restaurants 
[15]; the search for healthier food as a way to strengthen the immune 
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system and consequently prevent diseases [16]; the purchase of appli
ances to facilitate household tasks; improved purchase planning; and 
social concern for those who do not have enough to eat due to the 
pandemic, among others. 

Some of these measures have led to an increase in food waste (FW) 
during the pandemic [17], such as household stockpiling and a greater 
use of food delivery services, which usually deliver larger portions. On 
the other hand, some of these behavioral changes may also lead to a 
reduction in waste. One example is the fact that people are staying at 
home for longer and consuming more self-prepared food, which is 
usually healthier and can be reused more easily in other meals [18]. 

The aforementioned changes justify the need to understand the 
impact of the COVID-19 pandemic on the population’s FW behavior 
[16], especially in households. Therefore, the objective of this paper is to 
investigate the impact of the pandemic on Brazilian household’s FW 
behavior. The following research question was addressed: how has risk 
perception regarding the pandemic influenced household food waste? 
To achieve this goal, the Theory of Planned Behavior (TPB) was 
employed to develop and test hypotheses about Brazilian consumers’ 
behavior and how they perceived household FW during the pandemic. 

2. Theoretical background and research hypotheses 

2.1. Theoretical background 

Food loss and waste refers to the disposal of food at different stages of 
a food supply chain (FSC): production and harvest, transportation and 
storage, processing, distribution/retail, and consumption [19–21]. The 
definition of food loss and FW differs among authors, generally 
depending on which point in the FSC the loss occurs [22]. 

An important portion of food loss is called FW, which refers to the 
removal of food that is still fit for consumption or has spoiled or passed 
its use-by date, and which is mainly caused by consumer behavior [23]. 
The current study, however, assumes that FW only refers to what 
exclusively happens at the distribution, retail, and consumption levels, 
while everything that is prior to these stages will be classified as loss 
[24]. 

The COVID-19 outbreak provides a great opportunity to understand 
how consumers behave when it comes to FW. Due to social isolation, 
both individuals and households drastically changed their food con
sumption habits and behavior [25,26]. Families spent more money on 
groceries during confinement, as they were prone to stay at home. 
However, many families experienced financial hardship due to reduced 
household income and the risk of bankruptcy or unemployment [27]. In 
conjunction with restrictions in relation to mobility, these aspects made 
it difficult for many consumers to access food [28]. 

Conversely, larger purchases of non-perishable foods were observed 
around the world (e.g., pasta, rice, canned goods, flour, frozen foods, 
etc.) [29]. For instance, American consumers increased their spending 
during the COVID-19 pandemic to stockpile essential household goods, 
especially food [30]. With the closing of restaurants and cafés, food 
purchases shifted to grocery stores. In addition, since physical shopping 
created a perceived risk and induced fear of being in the proximity of 
others, consumers’ shopping behavior rapidly switched to online shop
ping [29]. Ref. [30] states a significant growth in food delivery, which is 
consistent with the substitution of meals in restaurants by meals at 
home. 

By going to supermarkets less often, consumers may buy food in 
larger quantities, plan meals to avoid leftover food, or even prepare new 
meals from the leftovers, thus reducing household FW [31]. Conversely, 
consumers may consume more food by staying at home longer due to 
social isolation, which can lead to larger-than-normal purchases and 
preparations, increasing household FW [32]. For instance, consumers 
who go shopping fewer times per week may also need to buy food in 
larger quantities to stock at home, which can lead to overstocking and 
overpreparation. While having food in bulk available can potentially 

save time, without planning the subsequent meals, it is unpredictable 
when the food might actually be consumed [33]. 

2.2. Proposed framework 

The TPB [34] was used to comprehend consumer behavior regarding 
FW during the COVID-19 pandemic. Many studies on FW behavior have 
already employed the TPB. The model has been expanded to understand 
the FW behavior of Spanish and Italian youth [35]. It has also been 
employed to examine FW-reduction behavior in Iranian households [36] 
as well as to measure self-reported food wastage and its behavioral de
terminants indirectly from Canadian consumers [37]. 

The basic paradigms of the TPB are that people are most likely to 
conduct a certain type of behavior if they believe that such behavior will 
result in an outcome that they value, if their important referents also 
value and approve it, and if they have the resources, abilities, and op
portunities to perform such behavior [38]. The TPB model determines 
that attitudes, subjective norms, and perceived behavioral control are 
the critical components of behavioral intent and actual behavior [34]. 
For the current research, the perceived risk regarding the COVID-19 
outbreak was integrated into the TPB to determine the effect size be
tween the endogenous and exogenous latent variables. Fig. 1 represents 
the framework proposed for the current study. 

2.3. Hypotheses 

2.3.1. Risk perception (COVID-19) 
When compared to other fields, such as environmental risks, far less 

is known about how the public perceives risks related to emerging in
fectious diseases [39]. Risk perception mainly involves uncertainty and 
the consequences or probability of a loss, and the importance of that loss 
[40]. The risks involved in shopping during the COVID-19 outbreak are 
not only health and social risks but also shortages caused by price 
changes and product scarcities [41]. Changes in shopping behavior 
could be observed regarding certain aspects, including changes in fre
quency and the choice of supermarkets and brands, a shift from 
in-person to online shopping, and the stockpiling of food items. There
fore, the following hypotheses were posited: 

H1a. Risk perception (COVID-19) has a positive effect on consumers’ 
attitudes towards household FW during the pandemic. 

H1b. Risk perception (COVID-19) has a positive effect on household 
FW behavior during the pandemic. 

Fig. 1. Proposed framework to evaluate household FW behavior during the 
COVID-19 pandemic. 
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2.3.2. Attitude 
Attitude is considered a vital factor in shaping the intention of a 

behavior. In the best known articles on the TPB, attitude is defined as the 
degree to which an individual makes a negative or positive evaluation or 
appreciation of the behavior in question [42]. According to the TPB, it 
refers to an individual’s attitude towards his or her involvement in a 
particular behavior [43]. In accordance with Ref. [17], attitude is 
regarded as a favorable or unfavorable predisposition, or as indifference, 
which is common in FW studies, in relation to a product, service, or any 
other aspect of social life. A feeling of guilt may influence an individual’s 
decision to waste food or not [44]. During the COVID-19 pandemic, this 
feeling of “obligation” or “guilt,” for example, could be a favorable 
influencer on waste, especially when it led the individual to think that it 
is immoral to waste food while many people are starving. Thus, the 
second hypothesis of this research was as follows: 

H2. Consumer attitudes have a positive effect on the consumers’ 
intention to reduce household FW during the COVID-19 pandemic. 

2.3.3. Subjective norms 
As the second antecedent of intention, subjective norms refer to in

dividuals’ perception of the social environment in which they behave in 
a certain way or not [34,42]. In other words, subjective norms deal with 
how someone’s personal beliefs would be interpreted by one’s referents 
if a certain behavior is performed [45]. This construct, therefore, exerts 
some sort of third-party pressure on the individual [46]. 

The TPB postulates that an attitude towards a behavior is closely 
related to subjective norms. In fact, solid evidence that reinforces this 
association has been reported in the literature [45,47]. The literature on 
FSC suggests that subjective norms predict attitude. When it comes to 
FW management behavior, empirical evidence suggests that social 
pressure has a positive effect on individuals’ intentions to reduce FW 
[48]. In this paper, the concept of subjective norms should be under
stood as the extent to which people deemed important by an individual 
approve or disapprove of the individual’s wasteful behavior [49] during 
the COVID-19 pandemic. Therefore, the following were hypothesized: 

H3a. Subjective norms has a positive effect on consumers’ attitudes 
towards household FW during the COVID-19 pandemic 

H3b. Subjective norms has a positive effect on consumers’ intention to 
reduce household FW during the COVID-19 pandemic. 

2.3.4. Perceived behavioral control 
Perceived behavioral control (PBC) is the third determinant of 

intention of a behavior of interest [42]. The concept of PBC refers to the 
perceived ease or difficulty of performing a given behavior; it is sup
posed to reflect not only past experiences but also anticipate impedi
ments and obstacles [34]. PBC can either influence behavior indirectly 
through intentions or predict a behavior directly [50]. 

PBC may function as an antecedent of intention, as well as a deter
minant of food-wasting behavior [51]. It was, for instance, found that 
PBC significantly and positively impacted on the intention not to waste 
food [52], while at the same time it was considered a strong predictor of 
household FW behavior [48]. In this research, PBC should be understood 
as a consumer’s perception of the ease or difficulty regarding his or her 
control over how to reduce FW during the COVID-19 pandemic. 
Therefore, the following hypotheses were also prepared: 

H4a. Perceived behavioral control has a positive effect on consumers’ 
intentions to reduce household FW during the COVID-19 pandemic. 

H4b. Perceived behavioral control has a negative effect on household 
FW behavior during the COVID-19 pandemic. 

2.3.5. Intention 
Intention is a key predictor of a behavior according to the TPB [42]. 

Behavioral intention can be defined as the subjective probability that an 

individual will perform a certain behavior [53]. Ref. [54] described it as 
being the best possible predictor of an individual’s action, even though 
diverse factors may influence the effectiveness of the intention-behavior 
relationship. Intention can be understood as a set of motivational factors 
that affect behavior; that can also be an indication of how much in
dividuals are willing to try, and how much effort they are planning to 
make to perform a behavior [42]. Thus, a consumer’s intention to avoid 
household FW during the COVID-19 pandemic can be defined as the 
strength of the individual’s motivation to at least try to avoid waste. For 
example, because of social isolation, people may try to plan their meals 
more [29]. Thus, the last hypothesis examined in this article is as 
follows: 

H5. Consumers’ intention to reduce household FW has a negative ef
fect on consumer’s FW behavior. 

3. Methodology 

3.1. Questionnaire design 

Multiple measurement indicators were employed to investigate all 
latent variables. The indicators were measured on a seven-point Likert 
scale, ranging from 1 (“strongly disagree”) to 7 (“strongly agree”). Risk 
perception (COVID-19) was measured by using three indicators based on 
Ref. [55]. To evaluate attitudes, five items from Ref. [56] were adapted. 
For subjective norms, four indicators were developed based on the study 
in Ref. [57]. Four indicators were modified from Refs. [58,59] to assess 
perceived behavioral control. Six indicators were adapted from Refs. 
[48,60] to corroborate the latent variable of intention. Finally, food 
waste behavior throughout the COVID-19 pandemic was evaluated 
using four indicators adapted from Refs. [61,62]. 

The first section of the questionnaire introduced the study and pro
vided the informed consent form. Section 2 was used to collect data on 
the measurement items and their respective constructs. The last section 
was devoted to collecting data regarding the demographic characteris
tics of the respondents. The questionnaire was hosted on SurveyMonkey 
and distributed to respondents via e-mail and social media (LinkedIn, 
Facebook, and WhatsApp). To avoid any problems with the clarity, 
reading and interpretation of the questions, a pretest was first conducted 
with a team of five specialists in the research area and fifty respondents. 
Participants took approximately 7–8 min to answer the questionnaire 
completely. The final instrument is presented in Table 1. 

3.2. Sampling design 

This study’s sampling frame comprises individuals living in Brazil 
who were responsible for decisions regarding buying and/or preparing 
food in their household. Data collection was performed throughout May 
2021. During this period, participants from 21 out of 27 Brazilian federal 
states agreed to answer the questionnaire. Incomplete questionnaires 
and outliers were excluded to ensure the quality of data analysis. In the 
end, 452 questionnaires were considered for further data analysis. It 
should be pointed out that according to the minimum size stipulated by 
G*power (146 respondents), the study had more than a sufficient sample 
size. The demographic characteristics of the respondents are shown in 
Table 2. Ethical approval for the study was obtained from the Ethics 
Committee of the Fluminense Federal University (approval no. 
4.695.152). 

The gender statistics revealed that males represented 33.4% and 
females 66.2% of the sample. Most of the respondents (28.1%) were 
from the 33–44 age group. Most of the respondents (31.4%) had an 
average monthly household income of more than nine times the mini
mum wage (more than R$9900.01). Finally, 55.6% of the respondents 
had two or three family members. 
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3.3. Analytical procedure 

Structural equation modeling (SEM) was selected to evaluate both 
the measurement model and the structural model. This data analysis 
technique is popular in several fields of scientific research, including 
psychology, sociology, and business research. SEM is used as a way of 
analyzing hypothetical relationships, starting with a theoretical model, 
which is transformed into a path diagram. There are two main ap
proaches in SEM: covariance-based (CB-SEM) and variance-based (PLS- 
SEM). The aim of CB-SEM is to reproduce the theoretical covariance 
matrix without focusing on the explained variance, whereas PLS-SEM 
applies a method of partial least squares, based on regression [63]. 

Taking into consideration the objectives of the present study, PLS- 
SEM was considered the most suitable. Data processing and statistical 
analysis were performed with SmartPLS 3.3.3 software. The evaluation 
of the measurement model was performed using an analysis of the 
questionnaire’s internal reliability, convergent validity, and discrimi
nant validity [63]. Reliability was tested using Cronbach’s alpha (α) and 
composite reliability (ρc). The scale’s convergent validity was tested 

using the outer loading and the average variance extracted (AVE). The 
discriminant validity was verified using the analysis of cross-loadings, 
Fornell-Larcker, and the heterotrait-monotrait ratio of correlations 
(HTMT). 

To evaluate the structural model, multicollinearity, coefficient of 
determination (R2), significance of path coefficients, and predictive 
relevance (Q2) were analyzed. Multicollinearity was verified using inner 
variance inflation factors (VIFs). The model’s power was explained 
using the coefficient of determination (R2). The value of R2 ranges from 
0 to 1; and the higher the value, the greater the model’s power. Path 
coefficients and p-values were analyzed to verify the strength of the 
relationship between the constructs. The path coefficient outcomes were 
obtained using the bootstrapping technique. To verify predictive rele
vance (Q2), a blindfolding procedure was used. 

4. Data analysis and results 

4.1. Descriptive analysis 

This subsection describes the analysis of the responses to the con
structs in the questionnaire. Altogether, 26 indicators were analyzed in 
terms of mean, standard deviation (SD), and frequency of responses 
distributed on a 7-point Likert scale (Table 3). The Shapiro-Wilk test 
confirmed that all 26 items had a non-normal distribution (p-value =
0.000). The frequency of responses was divided into three parts: (1–3), 
representing negative responses; (4), representing neutral responses; 
and (5–7), representing positive responses. 

4.2. Evaluation of the measurement model 

The internal reliability of the model was assessed using Cronbach’s 
alpha and composite reliability (Table 4). All Cronbach’s alpha and 
composite reliability values were higher than 0.7, indicating an 
adequate reliability [63]. 

Table 1 
Constructs and measurement items related to food waste behavior during the 
COVID-19 outbreak.  

Variables Item References 

Risk Perception (COVID-19) 
RP1 I have been buying larger quantities of food to avoid 

eating out. 
[55] 

RP2 I have been buying larger quantities of food to reduce my 
shopping trips to the supermarket. 

RP3 I have been buying larger quantities of food due to social 
isolation. 

Attitudes  
AT1 It is important to reduce household food waste during the 

pandemic. 
[56] 

AT2 It is immoral to waste food during the pandemic while 
many people are starving. 

AT3 I feel bad about wasting food during the pandemic while 
many people do not have guaranteed access to it. 

AT4 It bothers me to waste food during the pandemic. 
AT5 I feel I should reduce food waste during the pandemic. 
Subjective Norms  
SN1 I believe my family members think it is important to 

reduce food waste during the pandemic. 
[57] 

SN2 I believe my closest friends think that it is important to 
reduce food waste during the pandemic. 

SN3 I believe my family members think it is important to 
prepare new meals from leftovers. 

SN4 I believe my closest friends think that it is important to 
prepare new meals from leftovers. 

Perceived Behavioral Control  
BC1 I can decrease food waste during the pandemic. [52,58] 
BC2 I have the capability to decrease food waste during the 

pandemic. 
BC3 I can help reduce food waste during the pandemic. 
BC4 I can plan my meals to reduce waste during the pandemic 

better. 
Intention  
IN1 I have tried to avoid wasting food during the pandemic. [48,60] 
IN2 During the pandemic, I have been trying to eat all the 

food purchased. 
IN3 During the pandemic, I have been trying to eat food 

leftovers. 
IN4 During the pandemic, I have been trying to buy only what 

I will consume. 
IN5 During the pandemic, I have been trying to plan my 

grocery shopping. 
IN6 During the pandemic, I have been trying to plan my 

meals. 
Food Waste Behavior  
FW1 Food leftovers on the plate after a meal. [61,62] 
FW2 Food made in larger quantities than you need. 
FW3 Food stored and eventually consumed. 
FW4 Products opened (cans, sauces, etc.) and not consumed.  

Table 2 
Demographic characteristics of the respondents (N = 452).  

Characteristic Profile Frequency Percentage 
(%) 

Gender Male 151 33.4 
Female 299 66.2 
Prefer not to say 2 0.4 

Age 18–24 40 10.8 
25–34 115 25.4 
35–44 127 28.1 
45–60 124 27.4 
60 + 37 8.2 

Household’s average 
monthly incomea 

No income 9 2.0 
Up to 1 minimum wage (up 
to R$1100.00) 

46 10.2 

From 1 to 3 minimum 
wages (from R$1100.01 to 
R$3300.00) 

93 20.6 

From 3 to 6 minimum 
wages (from R$3300.01 to 
R$6600.00) 

84 18.4 

From 6 to 9 minimum 
wages (from R$6600.01 to 
R$9900.00) 

56 12.4 

More than 9 minimum 
wages (more than R 
$9900.01) 

142 31.4 

Prefer not to say 22 4.9 
Number of family 

members 
1 41 9.1 
2 125 27.7 
3 126 27.9 
4 115 25.4 
5 + 45 10.0  

a Note: Based on the exchange rate for July 12th, 2022, on which 1 U$ was 
equal to 5.44 BRL. 
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Convergent validity was confirmed through AVE and an analysis of 
the outer loadings. As shown in Table 3, all AVE values were greater 
than 0.500, ranging from 0.569 to 0.731, which implies that all con
structs describe more than half of the variance of their items. Therefore, 
AVE was satisfactory without the need to exclude indicators. The anal
ysis of the outer loadings was also demonstrated to be acceptable. Most 
indicators presented outer loading values higher than 0.7 [63]. There 
were two indicators with outer loading values lower than 0.7, but higher 
than 0.5 (AT1 = 0.679; AT5 = 0.642). For these specific indicators, the 

impact that their exclusion would have on reliability and AVE was 
tested. The exclusion of these indicators did not substantially increase 
the reliability and AVE values; consequently, it was decided not to 
remove them from the model. 

Discriminant validity was primarily confirmed by analyzing the 
cross-loadings (Table 5). Cross-loadings analysis demonstrated that each 
indicator’s loadings, in its respective construct, were higher than the 
loadings of those indicators in other constructs. 

Subsequently, the discriminant validity was evaluated using Fornell 
and Larcker’s criterion. As can be observed in Table 6, the square root of 
the AVE of each construct (diagonal highlighted values) are greater than 
the values of the correlations of the constructs [63]. Therefore, 
discriminant validity was also confirmed by Fornell and Larcker’s 
criterion. 

Finally, the HTMT was employed to check discriminant validity. This 
analysis was performed to address some criticisms regarding Fornell and 
Larcker’s criterion [64]. The values reported in Table 7 are lower than 
0.9, as indicated by Ref. [65]. Consequently, discriminant validity was 
also confirmed by the HTMT. 

With all evaluations of the measurement model concluded, its 
structural evaluation was performed. 

4.3. Evaluation of the structural model 

First, the model was checked for the presence of multicollinearity 
(Table 8). No multicollinearity was identified in the model, since all 
values of the VIFs were below the critical value of 5 [66]. 

SmartPLS employs a nonparametric technique. The software pro
vides t-statistics for testing the significance of the model using a pro
cedure called bootstrapping. In this process, many subsamples are 
produced from the original sample, in order to obtain bootstrap standard 
errors. It is then possible to obtain an approximate estimation of t-values 
for the significance testing of structural paths. Five thousand subsamples 
were used to test the significance of the model. The results are presented 
in Table 9. 

According to Table 9: 

• Risk perception (COVID-19) had a positive (β = 0.146) and signifi
cant (t-value greater than 1.96; p < 0.05) influence on attitudes: H1a 
is supported. 

• Risk perception (COVID-19) had a positive (β = 0.132) and signifi
cant (t-value greater than 1.96; p < 0.05) influence on FW Behavior: 
H1b is supported.  

• Attitudes had a positive (β = 0.231) and significant (t-value greater 
than 1.96; p < 0.05) influence on intention: H2 is supported.  

• Subjective norms had a positive (β = 0.286) and significant (t-value 
greater than 1.96; p < 0.05) influence on attitudes: H3a is supported.  

• Subjective norms had a positive (β = 0.186) and significant (t-value 
greater than 1.96; p < 0.05) influence on intention: H3b is supported. 

• Perceived behavioral control had a positive (β = 0.344) and signif
icant (t-value greater than 1.96; p < 0.05) influence on intention: 
H4a is supported. 

• Perceived behavioral control had a positive (β = 0.202) and signif
icant (t-value greater than 1.96; p < 0.05) influence on FW behavior: 
H4b is rejected.  

• Intention had a negative (β = − 0.436) and significant (t-value 
greater than 1.96; p < 0.05) influence on FW behavior: H5 is 
supported. 

Fig. 2 illustrates a summary of the structural model used for this 
research. 

After evaluating the relationship between latent variables, the co
efficient of determination (R2) and predictive relevance (Q2) were 
calculated (Table 10). 

The R2 was measured to determine the predictive power of the 
research model. Here, attitudes, food waste behavior, intention, and 

Table 3 
Descriptive analysis of construct indicators.  

Construct Item Mean SD Distribution on a 7- 
point Likert scale (%) 

1–3 4 5–7 

Attitudes AT1 6261 1208 2.4 2.9 94.7 
AT2 6265 1183 2,9 2.9 94.2 
AT3 6343 1049 1.1 3.8 95.1 
AT4 6273 1126 2.2 2.7 95.1 
AT5 5907 1414 6.0 6.9 87.2 

Food Waste Behavior FW1 2.053 1.119 89.2 7.3 3.5 
FW2 2.334 1.534 80.8 8.2 11.1 
FW3 2.670 1.631 74.1 9.1 16.8 
FW4 2.108 1.511 83.4 6.6 10.0 

Intention IN1 5.810 1.323 5.1 6.4 88.5 
IN2 5.741 1.421 8.6 3.1 88.3 
IN3 5.907 1.246 4.9 4.2 90.9 
IN4 5.724 1.344 7.1 7.1 85.8 
IN5 5.839 1.268 5.5 5.1 89.4 
IN6 5.604 1.352 8.2 7.1 84.7 

Perceived Behavioral Control BC1 5.677 1.280 5.3 6.4 88.3 
BC2 5.772 1.223 4.4 5.3 90.3 
BC3 5.874 1.110 2.0 5.1 92.9 
BC4 5.903 1.222 3.5 4.6 91.8 

Risk Perception (COVID-19) RP1 4.469 1.988 34.1 9.3 56.6 
RP2 4.591 1.820 29.2 8.2 62.6 
RP3 4.029 1.825 44.5 8.6 46.9 

Subjective Norms SN1 5.502 1.275 5.8 10.4 83.8 
SN2 5.175 1.222 5.8 12.8 81.4 
SN3 5.323 1.232 6.0 12.8 81.2 
SN4 4.993 1.245 7.3 12.8 79.9  

Table 4 
Reliability and convergent validity analysis.  

Construct Items Outer 
loading 

Cronbach’s 
alpha 

Composite 
reliability 

AVE 

Attitudes AT1 0.679 0.807 0.867 0.569 
AT2 0.737    
AT3 0.855    
AT4 0.836    
AT5 0.642    

Food Waste 
Behavior 

FW1 0.770 0.805 0.872 0.630 
FW2 0.820    
FW3 0.827    
FW4 0.754    

Intention IN1 0.768 0.864 0.899 0.596 
IN2 0.756    
IN3 0.769    
IN4 0.742    
IN5 0.779    
IN6 0.818    

Perceived 
Behavioral 
Control 

BC1 0.830 0.865 0.908 0.711 
BC2 0.862    
BC3 0.856    
BC4 0.823    

Risk Perception 
(COVID-19) 

RP1 0.894 0.823 0.890 0.731 
RP2 0.872    
RP3 0.794    

Subjective 
Norms 

SN1 0.779 0.825 0.884 0.656 
SN2 0.830    
SN3 0.803    
SN4 0.828     
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perceived behavioral control were the endogenous variables of interest. 
Therefore, a substantial amount of variance in these variables was ex
pected to demonstrate the strength of the model. As can be seen in 
Table 10, the R2 value was 0.103 for attitudes, 0.152 for food waste 
behavior, and 0.345 for intention. 

This means that attitudes, subjective norms, and perceived behav
ioral control explain 35.4% of the intention to reduce household FW. 
Finally, the potential explanatory power of FW behavior equals 15.2%. 
Furthermore, all R2 values may be considered satisfactory. The R2 value 
was expected to be greater than 0.10 to explain the endogenous 
construct [67]. The variance found here to explain FW behavior was 
similar to the values found in previous household FW studies [35,51, 
68]. According to Ref. [69], values around 0.20 for the coefficient of 
determination in studies concerning consumer behavior can be consid
ered high. 

Lastly, Stone-Geisser’s Q2 [63] was calculated to ensure the predic
tive accuracy of the endogenous constructs’ indicators. Q2 values were 
measured using a blindfolding procedure. All Q2 values were greater 
than zero, confirming the good predictive relevance of the model. 

5. Discussion 

The COVID-19 outbreak imposed a range of new behavioral patterns 
around the world. Despite the considerable number of studies conducted 
on the topic, many findings are expected to be published in the coming 
months and years, further advancing the frontier of knowledge about the 
real social, environmental, and economic impacts of the pandemic. To 
the authors’ knowledge, this is the first study to investigate how risk 
perception during the pandemic, concerning either coronavirus 
contamination or food supply, affected FW behavior and its predictors. 

This study shows that risk perception positively affected consumers’ 
attitudes (H1a). People who felt a higher perception of risk similarly 
presented higher positive attitudes concerning FW reduction. It was also 
found that people were positively more inclined to buy more food to 
avoid eating out, reduce shopping trips and reinforce social isolation, 
which is in line with Ref. [70]. Even when overbuying food, the re
spondents adopted a positive attitude towards reducing FW, since guilt 
is a strong driver for not wasting food [48]. 

Our findings also indicate that risk perception (COVID-19) had a 

Table 5 
Cross-loadings analysis.   

Construct Items 1 2 3 4 5 6 

1 Attitudes AT1 0.679 − 0.040 0.323 0.278 0.106 0.229 
AT2 0.737 − 0.106 0.347 0.321 0.133 0.187 
AT3 0.855 − 0.083 0.397 0.450 0.125 0.211 
AT4 0.836 − 0.036 0.403 0.493 0.107 0.248 
AT5 0.642 0.099 0.289 0.501 0.078 0.201 

2 Food Waste Behavior FW1 − 0.082 0.770 − 0.263 − 0.003 0.105 − 0.129 
FW2 − 0.092 0.820 − 0.280 − 0.054 0.149 − 0.115 
FW3 − 0.061 0.827 − 0.267 − 0.009 0.073 − 0.183 
FW4 − 0.029 0.754 − 0.193 0.023 0.055 − 0.098 

3 Intention IN1 0.395 − 0.266 0.768 0.444 0.070 0.289 
IN2 0.314 − 0.227 0.756 0.398 0.135 0.197 
IN3 0.337 − 0.254 0.769 0.387 0.107 0.316 
IN4 0.338 − 0.264 0.742 0.396 − 0.141 0.225 
IN5 0.358 − 0.198 0.779 0.420 0.042 0.303 
IN6 0.326 − 0.271 0.818 0.379 0.057 0.294 

4 Perceived Behavioral Control BC1 0.419 0.009 0.388 0.830 0.027 0.187 
BC2 0.405 − 0.015 0.410 0.862 0.040 0.261 
BC3 0.445 − 0.043 0.520 0.856 0.045 0.324 
BC4 0.402 0.000 0.427 0.823 0.109 0.215 

5 Risk Perception (COVID-19) RP1 0.146 0.136 0.050 0.059 0.894 0.013 
RP2 0.136 0.072 0.068 0.082 0.872 − 0.019 
RP3 0.074 0.071 0.083 0.047 0.794 0.002 

6 Subjective Norms SN1 0.207 − 0.139 0.316 0.235 − 0.025 0.779 
SN2 0.214 − 0.080 0.272 0.284 − 0.017 0.830 
SN3 0.216 − 0.144 0.276 0.231 − 0.003 0.803 
SN4 0.180 − 0.177 0.271 0.217 0.033 0.828  

Table 6 
Fornell and Larcker’s criterion.   

Construct 1 2 3 4 5 6 

1 Attitudes 0.755      
2 Food Waste 

Behavior 
− 0.050 0.794     

3 Intention 0.470 − 0.320 0.772    
4 Perceived 

Behavioral 
Control 

0.541 − 0.017 0.524 0.843   

5 Risk Perception 
(COVID-19) 

0.146 0.115 0.073 0.074 0.855  

6 Subjective 
Norms 

0.286 − 0.166 0.352 0.300 0.000 0.810  

Table 7 
Heterotrait-monotrait ratio of correlations (HTMT).   

Construct 1 2 3 4 5 6 

1 Attitudes       
2 Food Waste Behavior 0.119      
3 Intention 0.558 0.378     
4 Perceived Behavioral 

Control 
0.650 0.046 0.597    

5 Risk Perception (COVID- 
19) 

0.170 0.128 0.152 0.086   

6 Subjective Norms 0.349 0.202 0.412 0.346 0.039   

Table 8 
Inner VIFs.   

Construct 1 2 3 

1 Attitudes   1.448 
2 Food Waste Behavior    
3 Intention  1.381  
4 Perceived Behavioral Control  1.381 1.461 
5 Risk Perception (COVID-19) 1.000 1.007  
6 Subjective Norms 1.000  1.125  
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positive and significant influence on FW behavior (H1b). Therefore, 
buying or storing food in larger quantities without proper planning to 
avoid eating out or to reduce shopping trips to the supermarket may 
increase household FW. This is similar to the findings of Ref. [71], which 
highlighted that all forms of exaggerated food purchasing and storage 
are directly related to FW in a non-pandemic context. 

Another finding that is worthy of observation is the positive and 
significant influence of consumer attitudes on intentions to reduce 
household FW during the COVID-19 pandemic (H2). Prior to the 
pandemic reaching Brazil, the country was already facing a crisis situ
ation that included economic, social, and political elements. This situ
ation became highly visible with the increase in unemployment, 
poverty, and hunger; and exposed a number of vulnerabilities that had 
already been worsening in recent years [72]. Brazil has 14.8 million 
unemployed people [73] and is ranked among the countries with the 
highest levels of FW in the world [74]. Furthermore, more than 60% of 
its population has some level of food insecurity [75]. Hence, these facts 
might increase the consumers’ intentions to reduce FW. In periods of 
crisis and uncertainty, consumers are more motivated to minimize FW, 
demonstrating higher levels of awareness and changes in attitudes [76, 

77]. This is in accordance with Ref. [78], which found that during the 
lockdown, people experienced higher levels of awareness and changes in 
their attitudes toward FW. According to the authors, these behaviors 
were, apparently, more related to socioeconomic than environmental 
concerns. The results, therefore, show that high levels of awareness and 
changes are important conditions to increase the intention to reduce 
household FW. 

Subsequently, subjective norms were found to have a positive and 
significant effect on both consumers’ attitudes (H3a) and intentions 
(H3b) towards reducing FW, which is in line with previous findings [48, 
57,60]. Accordingly, consumers were encouraged to reduce household 
FW due to the expected approval or pressure from others they consid
ered important. Individuals can be motivated to possess and show 
multiple forms of so-called “correct” attitudes [79]. Given their social 
ties (family, friends, social influencers, etc.), individuals’ attitudes to
wards a behavior are significantly influenced by their referents [80,81]. 
The hypothesis that subjective norms influence consumers’ intentions 
has also been confirmed in other articles that investigated other con
texts. Ref. [82] confirms that subjective norms positively affected peo
ple’s intention to adopt a “stay-at-home” policy during the pandemic, 
while Ref. [83] confirmed that subjective norms positively influenced 
the intention to self-protect against the influenza A (H1N1) virus. 

Our findings indicate a significant and positive impact of PBC on the 
intention to reduce household FW during the COVID-19 pandemic 
(H4a). The fact that consumers have the skills to reduce FW makes them 
increase their intentions to reduce it. In this study, control refers to the 
ability to reduce waste and prepare and cook appropriate portions for 
consumption (without waste) and improve supermarket planning and 
shopping. Therefore, the greater the individual’s PBC, the stronger his or 

Table 9 
Significance analysis of the structural model.  

Hypotheses Path β Sample Mean (M) SD T-Statistics p-values Decision 

H1a RP → AT 0.146 0.149 0.045 3278 0.001 ✓ 
H1b RP → FW 0.132 0.134 0.043 3083 0.002 ✓ 
H2 AT → IN 0.231 0.233 0.055 4199 0.000 ✓ 
H3a SN → AT 0.286 0.291 0.041 7192 0.000 ✓ 
H3b SN → IN 0.183 0.185 0.041 4305 0.000 ✓ 
H4a BC → IN 0.344 0.346 0.057 6067 0.000 ✓ 
H4b BC → FW 0.202 0.205 0.049 4070 0.000 ×

H5 IN → FW − 0.436 − 0.440 0.050 8744 0.000 ✓ 

Note: β: standard beta; SD: standard deviation; RP: risk perception (COVID-19); AT: attitudes; SN: subjective norms; BC: perceived behavioral control; IN: intention; 
FW: food waste behavior. 

Fig. 2. Structural model of the research.  

Table 10 
Coefficient of determination and predictive relevance.  

Endogenous 
Variables 

Coefficient of determination 
(R2) 

Predictive relevance 
(Q2) 

Attitudes 0.103 0.056 
Food Waste Behavior 0.152 0.091 
Intention 0.354 0.205  
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her intention is to reduce household FW. This is in line with previous 
studies [58,84], which found that PBC is one important predictor that 
positively affects the intention to reduce household FW. This relation
ship was corroborated during the COVID-19 pandemic, even taking 
other objects of study into consideration. For example, it was found that 
people with higher levels of PBC also demonstrated greater intentions to 
maintain social isolation during the pandemic [85]. 

It was expected to find a negative and significant relationship be
tween PBC and household FW behavior (H4b) in this study, as reported 
in studies conducted in a non-pandemic context [49,60]. However, 
when analyzing the relationship between both variables, our results 
indicated a positive and significant relationship (β = 0.202). Therefore, 
our data curiously suggested that the more individuals considered that 
they had control through the ability to reduce waste, the greater the 
reported FW behavior was. It is important to highlight that this study 
was conducted during the COVID-19 outbreak and with a questionnaire 
that prompted respondents to reflect on such a context. Due to the risks 
and uncertainties of the pandemic, individuals may have overestimated 
their effective ability to perform a behavior [86]. Recent studies [87,88] 
have discovered, for example, that individuals may present an impulsive 
approach to buying food or do so without planning, due to the psy
chological pressure caused by the COVID-19 pandemic. Such impulsive 
behavior may lead to higher levels of FW. Lessons on domestic eco
nomics [89] and planned behaviors [90] could enhance food manage
ment behaviors, creating sustainable habits by reducing food waste. 

Finally, the intention to reduce FW negatively affects FW behavior in 
households (H5). Here, intention was found to be the strongest predictor 
of FW behavior. This indicates that those individuals with greater in
tentions to reduce food waste during the COVID-19 pandemic tended to 
report lower quantities of waste. A recent study [91] also found that 
Brazilian people showed a positive intention to reduce the economic 
value of household FW during the COVID-19 outbreak. In fact, in
dividuals tended to adopt a positive approach towards reducing FW 
during the pandemic [11,92]. Some examples of this positive approach 
involved eating all the food purchased, eating leftovers, planning gro
cery shopping, and planning meals. 

5.1. Managerial implications 

This study could provide a learning experience for similar scenarios 
in the future. Governmental organizations and public and private in
stitutions, as well as public figures, could communicate and provide 
awareness campaigns about the impact of FW on the population’s food 
security, taking into consideration that many people could lose their jobs 
or food purchasing capacity during this period. In addition, retailers in 
general could also help reduce FW during this period by providing a safe 
environment for customers to shop in, thus discouraging stockpiling. 
Changes in eating habits during the outbreak, information campaigns, 
the provision of recipes, providing information about proper food 
handling and storage during the pandemic, increased shelf-life of food, 
and making products with smaller packages available for small families 
and products with easy-to-handle packaging could all be measures to 
mitigate the problem of FW. Meanwhile, consumers, who have changed 
their purchasing, preparation, and food-consumption habits during the 
pandemic, should be encouraged to look for ways to reduce, reuse, and 
recycle food (e.g., planning purchases and meals, reusing leftovers, 
composting, donating, etc.). Individual and collective actions should be 
leveraged not only to reduce food wastage but to keep food supply 
chains working at proper levels of efficiency [93]. 

5.2. Theoretical implications 

From a theoretical perspective, this study identifies key precedents of 
FW behavior in households during the period of the COVID-19 
pandemic. Few studies have investigated FW in such a context. Be
sides this, previous works have also not covered the variable of 

perceived risk (COVID-19) to evaluate changes in consumer behavior 
throughout the pandemic. The proposed model proved to be robust 
enough to be applied in other countries, as the empirical results revealed 
a satisfactory predictive power of R2 and Q2. Additionally, most research 
has addressed the problem of FW in developed countries. This study 
provides a different view, approaching the problem in the context of an 
emerging country, which faces one of the highest numbers of confirmed 
COVID-19 deaths and infections. 

6. Conclusion 

The results of our study show that all the predictors evaluated had a 
significant effect on household FW during the COVID-19 pandemic in 
Brazil. Several conclusions can be reached concerning this study. Firstly, 
this study has expanded the TPB by including the variable of risk 
perception (COVID-19). Through this variable, it was found that people 
overpurchased food to avoid risks of contamination and the scarcity of 
food. Consequently, risk perception showed a positive relationship to 
FW. 

Secondly, intention was demonstrated to be a major predictor of FW 
reduction. Curiously, only one hypothesis (H4a (− ): perceived behav
ioral control → FW behavior) was rejected, as it showed a contrary path 
coefficient to what was expected. This shows that the pandemic may 
have influenced the positive control that individuals think they have 
regarding reducing FW. Future studies should verify how the pandemic 
changed the ability of individuals to be in control. 

Because of the pandemic, this study only collected data online. This 
leads to another limitation, concerning the fact that the sample may be 
subject to bias. Individuals with access to the internet are considered to 
have higher education and/or income. Socioeconomic variables may 
explain the FW behavior of different groups. Further studies, therefore, 
could explore the same variable in different contexts in a postpandemic 
scenario, since individual behaviors vary in different social, economic, 
and political contexts. Finally, the findings may be useful in designing 
specific public and private policies to reduce household FW during crisis 
scenarios. 
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