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Abstract: Food waste is an important sustainability issue that needs to be addressed. Consumer
behaviour is one of the biggest sources of food waste in developed countries. To successfully reduce
consumer-related food waste, it is necessary to have a clear understanding of its major root causes
at the level of the individual. The present manuscript presents the results of an exploratory on-line
survey that was made available through Google Drive and conducted among a representative
sample of 1058 Italian individuals. The information contained in the questionnaire related to the
characteristics of the individual respondents, their attitudes to expenditure and food, and their
opinions of measures to reduce or prevent food waste. Data analysis was conducted in three phases.
The first phase allowed for the identification, with the application of descriptive statistics, of the
socio-demographic characteristics of the respondents and why, what, and how much they wasted.
In the second phase, linear regression analysis and causal maps were used to both measure the
statistical dependence between variables and to identify the main root causes of food waste in the
phase of individual consumption. As expected, the perceived quantity of food waste that was declared
by respondents was very low. Among the major root causes identified, the socio-demographic
characteristics of consumers, types of food shopping purchases, and consumer behaviour played
a key role. A causal map was drawn, which offers an immediate vision of the major root causes and
can be a useful tool for policymakers who intend to introduce measures to combat food waste. Finally,
participants’ responses showed that the main initiatives needed to eliminate waste are the separate
collection and dissemination of more information on the impact that waste has on the environment.
For these reasons, information and education policies are crucial for changing consumer lifestyles
and raising awareness of the value of food.

Keywords: causal maps; consumer behaviour; household food waste; linear regression; on-line
survey, root causes

1. Introduction

Approximately 1.3 billion tons of edible foodstuffs that are produced for human consumption,
which account for one-third of global food production (32%), are wasted every year along the supply
chain, from production to consumption [1]. This portion of lost and wasted food is enough to lift
one-eighth of the global population out of malnutrition [2] and to mitigate the global challenge of
meeting the increased demand for food, which could reach 50 to 70% by 2050 [3,4]. The amount of
food waste (FW) drastically varies between countries and it is influenced by income, industrialization,
and development levels [5]. In developing or low-income countries, around two-thirds of the food
losses occur at the post-harvest and processing levels. This is mostly attributed to poor agricultural
practices, technical limitations, financial and labour restrictions, and inadequate infrastructure for
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storage, processing, and transport [1,2,6]. On the other hand, in developed or medium to high-income
countries, a considerable fraction of wasted food occurs at consumption, which is largely driven
by consumer values, behaviour, and attitudes [1,7,8]. For this reason, in recent years, FW has
received growing interest from local, national, and European policymakers, international organizations,
non-governmental organizations (NGOs), as well as academics from various disciplinary fields.

Reducing food loss and waste is an interdisciplinary and multi-sector task that needs to be studied
from different perspectives [9-11]. According to Parfitt et al. (2010) [12], an investigation of individual
attitudes, values, and motivations behind food waste would be of significant interest and importance.
International initiatives to combat the food loss and waste problem have been developed, which have
led to the adoption of strategies to tackle this challenge [2,13-16]. Food is lost or wasted along the
entire supply chain, from primary production to final private household consumption. The latter
represents the largest food-waste fraction [17]. In the European Union (EU), FW along the supply
chain has been estimated at approximately 89 million tons per year, corresponding to 179 kilograms
(kg) per capita [18,19], and is expected to rise to about 126 million tons a year by 2020, unless action is
taken [20].

Private households produce the largest share of EU FW (42%), followed by agriculture/food
processing (39%), food service/catering (14%), and retail/wholesale (5%) [1,18,19,21]. Household FW
is largely uncontrolled, despite numerous attempts to reduce it by means of behaviour modification,
raising FW awareness, and persuasion using intrinsic and incentive motivation [22,23]. For these
reasons, the FW issue is currently high on the political agenda in Europe and there is strong public
debate surrounding it. In its roadmap for a resource-efficient Europe, the European Commission
(EC) has set a target to cut the generation of food waste by one-half by 2020 [21]. However,
the implementation of prevention measures to combat FW requires an understanding of the scale and
form of wastage. This, in turn, depends on the availability of reliable data on food waste generation.

The present article aims to provide an overview of the major root causes of household FW,
in addition to an analysis of the steps that consumers take to reduce it and further action that they
would like to see. The findings of the on-line survey can support the identification of new actions and of
new instruments to reduce FW and to increase consumer awareness of the issue. To achieve these aims,
the paper is structured, as follows: Materials and Methods, gives a description of the statistical models
that were used to analyse the data and the structure of the on-line survey. In Section 3, the sample
description and the results of the application of the methods are presented. In Section 4, the findings
of the present exploratory on-line survey are discussed in relation to other recent investigations that
were conducted in Italy. Finally, in Section 5, there is a summary and some general comments.

2. Materials and Methods

Methodical Approach and the Structure of the On-Line Survey

There are a number of different methodological approaches that can be used to identify
household food waste. Several studies [24-31] have used questionnaires or interviews, others kitchen
diaries [32,33] or waste composition analysis [34-36], and some have used statistical data based on
food supply [2,37,38] or on municipal waste [19,21,39]. The present paper is based on the results of an
exploratory on-line survey that was performed in Italy using a questionnaire that was adapted for
studies on FW that were carried out in Italy [40]. The survey was launched, through Google Drive in
April 2017 and it remained on-line until July 2018. In addition, another institutional communication
channel was used to distribute the questionnaire (personal e-mail).

In Italy, the results of similar surveys are available [27-31]. The purpose of the new on-line survey
was to broaden analysis and to collect more recent information and to cover issues that have not been
covered by previous inquiries. The questionnaire that was used for the exploratory on-line survey
consisted of an informative introductory part, where the concept of FW was introduced, and a list of
44 questions that covered important issues about domestic FW. For this study, the definition of FW by
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Monier et al. (2010) [18] was used, which describes it as raw or cooked food materials and it includes
food loss before, during, and after meal preparation in the household. Wastage was estimated in grams
(g). The list of questions included a combination of one option and multiple-choice questions (Likert
scale ranging from 0 to 5). It was divided into the following four sections:

(I)  The socio-demographic characteristics of the respondents: region of residence, age, gender, family
status, level of education, household composition and size, occupation, and monthly income.

(I)  Food shopping purchases, household food expenditure and FW estimation: questions related
to this section aimed to check weekly expenditure for food and non-alcoholic beverages, per
capita daily food waste, products most wasted, and the behaviour and attitude of Italians
towards shopping.

(II) Consumer behaviour: in this section, a set of possible causes of food waste was put forward and
the participants were asked to select those they believed to be the cause of their waste.

(IV) Willingness and information needed to reduce food waste: in the last section, a list of possible
measures to tackle FW was proposed and the respondents were asked to express their opinions.

Sections 1 and 2 were made up of closed-ended questions. In contrast, Sections 3 and 4 required
the respondents to self-estimate using a Likert scale from 0 to 5 on issues such as the importance they
gave to a set of FW causes and their opinion of a list of possible strategies for tackling food waste.
The wording changed from “not at all” for value 0 to “very much” for value 5.

The data from the questionnaires and supplementary documentation were analysed using
common descriptive statistics to explain the features of the sample and linear regression to identify the
main determinants of FW. On the basis of the results of the linear regression, a causal map [41-44] was
drawn, which was also known as a cause map, in order to have a more immediate vision of the major
root causes of consumer behaviour regarding FW. Such maps can be a useful tool for policymakers
who wish to introduce measures to address the problem of FW. Indeed, causal maps can be used for
different purposes, such as improving quality, identifying root causes, designing information systems,
and developing strategy [44]. Wilson et al. (1993) [45] defined Root Cause Analysis as an analytical
tool that can be used to perform a comprehensive, system-based review of critical incidents.

3. Results

3.1. Sample Description

The data were collected from 1058 questionnaires that were completed by students and other
consumers in some Italian regions. The sample of people who filled in the on-line questionnaire was
self-selected, since they participated on a voluntary basis. The questionnaire was completed in its
entirety by 80% (1008) of the respondents, as to a series of questions were not given answers. On the
basis of the answers given in the first section of the questionnaire, respondents were found to be from
five different regions in central and southern Italy: Abruzzo (7%) and Lazio (6%) and Molise (63%) in
the centre and Apulia (13%) and Campania (11%) in the south.

The respondents mainly belong to Molise, which is a region of central Italy, with a territorial
extension of 4438 km? and, after the Valle d’Aosta, is the smallest region in Italy. With a population of
319,101 inhabitants, it has a population density of almost 71 inhabitants per km?. The administrative
territory of the region is divided into 136 municipalities (comuni). Most of the municipalities (82) are
located in mountainous and marginal areas with an altitude of > 600 m above sea level, with the
remainder (54), located in hilly areas [46].

In terms of consumer income, tastes, shopping habits, and preferences, he five regions are
homogeneous. Furthermore, climatic conditions, urbanization levels, agricultural production, and
logistics are reflected in similar national food supply chains and food consumption attitudes.
The sample was gender unbalanced (76% female and 24% male), which could be attributed to the
prevalence of the idea that food issues are a woman's responsibility.
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Above all, the group of respondents effectively represents the interests of the young. Indeed,
the age group most represented by the on-line survey was that between 18 and 27 (41%).
The percentages for other age groups were as follows: 28-37 years (22%), 38—47 (13%), 48-57 (11%),
58-67 (9%), while the age group for those aged over 68 was poorly represented (4%). The majority
of respondents were from single person households (41%), 22% lived with their parents, 18% lived
with partners, 12% were married with children, 5% were divorced, and 2% other. As for household
composition, those that were made up of 3—4 people represented about 54% of the total sample, 27% of
households were made up of 1-2 people, while 15% were composed of 5-6 people, and only 4% had
more than seven members. This indicates that medium-sized and large families still dominate the
regions of central and southern Italy. Sixty percent of those surveyed had a high school diploma, 22%
a university degree, 8% a primary school diploma, 6% had a higher degree (MSc, PhD), and 4% had no
qualifications. This suggests that social media is accessed more by those with higher levels of education.
Of all the people interviewed, 41% were students, 20% were homemakers, 16% were employed full
time/part time, 8% were unemployed, and 5% were pensioners. Thirty percent of respondents claimed
to earn a monthly income of between €401 and €800, 21% between €0 and €400, 14% between €801 and
€1200, 12% between €2001 and €2400, 11% between €1201 and €1600, 6% between €1601 and €2000,
and 6% €2400 and over (Table 1).

Table 1. Profile of respondents (N = 1008).

Items Absolute Value  Percentage (%)

Male 242 24

Gender€ Female 766 76
18-27 413 41

28-37 222 22

Age 38-47 131 13

48-57 111 11

58-67 91 9

68 and over 40 4

Single person household 413 41

Living with parents 222 22

. Living with partner 181 18
Family status Married with children 121 12
Divorced 51 5

Other (housemaid) 20 2

Without qualifications 40 4

Primary school 81 8

Level of education Secondary school 605 60
University degree 222 22

Higher degree (MSc, PhD) 60 6
1to2 272 27

Household composition 3to4 544 54
(number of members) 5to6 151 15
>7 40 4

In paid work (full time) 101 10

In paid work (part-time) 60 6

Student 413 41

Occupation Unemployed and looking for work 30 3
Unemployed and not looking for work 50 5
Housewife 202 20
Discharged 101 10

Pensioner 51 5

€0-400 212 21
€401-800 302 30
€801-1200 141 14

Monthly income (€) €1201-1600 111 11
€1601-2000 60 6
€2001-2400 122 12

>€2400 60 6
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3.2. Descriptive Statistics

Regarding household food expenditure estimation for food and non-alcoholic beverages, the data
reported in Table 2 showed that 37% of respondents spent between €51 and €90; 19% between €91 and
€120; 16% between €0 and €50; 15% between €121 and €160; 9% between €161 and €200; and, only
4% above €200. Concerning the per capita daily food waste, however, about 2/3 of individuals (72%)
wasted up to 100g.

Table 2. Weekly expenditure for food and beverages (€) and per capita daily food waste (g).

Items Absolute Value Percentages (%)
€0-50 161 16
€51-90 373 37
Weekly expenditure for food and €91-120 192 19
non-alcoholic beverages (€) €121-160 151 15
€161-200 91 9
>€200 40 4
0-50g 312 31
51-100 g 413 41
Pro-capita daily food waste (g) 101-150 g 131 13
151-200 g 91 9
>200 g 60 6

The analysis of this data set with the common descriptive statistics that are reported in Table 3
showed that the average weekly expenditure of a household is almost €100.10; 45% of respondents
said that spending on food and non-alcoholic beverages has an impact of between 21 to 50%, of which
5.5% is spent on bread and cereals, 14.1% on meat, 3.3% on fish and sea food, 8.0% on dairy products,
3.7% on oils and fats, 4.2% on fruits, and finally 3.1% on vegetables. Sixty percent of respondents
consumed first and second courses at lunch and dinner. The portions, for both lunch and dinner, were
all average, almost never exceeding 200g for each course. On average the respondents wasted about
92g of the food that they consumed daily (23%) Table 3.

Table 3. Descriptive statistics of the socio-demographic characteristics.

Variables Mean SD Min Max cv

Age (year) 35.94 15.46 18 85 0.43

Monthly income (€) 1062.83 776.47 180 3560  0.73

Weekly expenditure on food and non-alcoholic beverages (€) 100.73 51.08 15 300 0.51
Per capita daily food waste (g) 91.84 58.65 10 290 0.64

Concerning food purchasing habits, data obtained by Section 2 of the questionnaire (Table 4),
showed that most of the respondents (57%) bought their food at supermarkets and 43% at mini-markets,
typically two times per week or more (52%). The high percentage of respondents that bought food
from mini-markets may be due to the high prevalence of small shops (groceries) in rural areas and
in small municipalities. Among the respondents, 34% did not have a favourite time to go shopping,
while many others preferred to do their shopping in the early or mid-morning. Indeed, 18% did their
shopping early in the morning to buy the freshest products and during a less chaotic time of day,
while 20% preferred to do their shopping in the mid-morning, mainly for convenience, not giving
importance to the freshness of the product.
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Table 4. Descriptive statistics of the sample—categorical variables (N = 1008).

Variables Item N. Obs. Frequency
Food shopping purchases
Frequency of food purchases 0 =less than 2 times/week 484 48%
! y P 1 =2 times/week or more 524 52%
. 0 = supermarkets 575 57%
Food shopping stores 1 = mini-markets 433 43%
Socio-demographic variables
Gend 0 = female 766 76%
ender 1 =male 322 24%
. 0 =single 413 41%
Family status 1= married 595 59%
Level of educati 0 = without qualifications 40 4%
evel of education 1 = with qualification 1048 96%
. 0 = less than 2 people 272 27%
Household size 1 =2 people or more 816 73%

The rate of respondents who used a list when shopping was 25%, those who did not use a list
were 56%, while 19% sometimes used a shopping list. In the case of monthly shopping, the use of
the shopping list is especially frequent. About 62% of respondents said that the deals (e.g., buy one
get one free, etc.) did not attract them and only 21% were interested in special offers, while 17%
said that the offers were sometimes attractive. Presently, these kinds of offers are more common in
hyper/supermarkets; however, their number in the regions of central and south Italy (especially in
Molise) is still limited.

Figure 1 shows the percentages for products, according to the respondents, which were most
wasted. Bread (21%), pasta (18%), fresh fruit (14%), vegetables (11.5%), and milk (10%) were the
products that were wasted the most (74.5%). These products could be subject of the most waste due to
their fragility and the fact that they tend to have a variable or short shelf life. Bread, based on cereal
grain, has a variable shelf life (one day—six months), while fruits and vegetables generally have a short
shelf life (5-14 days), although some products use temperature control during part of the supply chain.
Eight percent of participants wasted yoghurt, 6% eggs, 4% beef, and only 2.6% fish. In the case of the
latter two, waste is lower, because beef and fish have a very volatile demand that depends on the price
and on the consideration of their high value when compared to other food products. Finally, only
about 2% of respondents declared that they created zero waste (Figure 1).
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Figure 1. Percentages of foods most wasted according to respondents.
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Amongst the causes of waste that are proposed in Section 3 of the questionnaire, as shown in
Table 5, expired food (out of data) was a major cause of waste, the average score was 1.057 on a Likert
scale, where 0 corresponded to “is not a cause” and 5 to “is the major cause”, followed by bad smell
(0.804), bad taste (0.789), and has mould (0.628). Other causes that generated waste varied from 0.494
to 0.053 and they were: over generous portions (0.494), incorrect conservation (0.357), unappetizing
appearance (0.303), leftovers from previous days (0.295), items left in the fridge (0.223), food considered
unappetizing (0.174), package size (0.143), food considered difficult to measure (0.138), poor culinary
skills (0.122), and incorrect interpretation of labels (0.053). The last result could be attributed to the
high education levels of the respondents.

Table 5. Descriptive statistics of the major root causes of per capita daily food waste (FW) (N = 1008).

Major Root Causes of Food Waste Range Min-Max Mean SD cv
Expired food 0-5 1.057 1.182 1.118
Bad smell 0-5 0.804 1.028 1.279

Bad taste 0-5 0.790 1.066 1.351

It has mould 0-5 0.628 0.870 1.385
Over generous portions 0-5 0.494 1.033 2.091
Wrong conservation 0-5 0.357 0.779 2.182
0-5

It does not look good = 0.303 0.692 2284
Leftovers from previous days 0-5 0.295 0.722 2.447
It was left in the fridge 0-5 0.223 0.608 2.726

I did not like it 0-5 0.174 0526  3.023

Package size 0-5 0.143 0.484 3.385

Difficult to measure portions correctly 0-5 0.138 0486  3.522
Poor culinary skills 0-5 0.122 0.478 3.918

The label is confusing 0-5 0.053 0.309 0.587

With regard to the good intentions and measures that respondents said they had undertaken
and/or would like to take in the future (Section 4), the following emerged: Eighty-eight percent of
those that were surveyed claimed to be aware of the environmental and economic value of food waste.
Eighty-one percent of respondents separated waste for collection and 65% of them said that they had
reduced the amount of compostable rubbish thrown away.

The steps that could be taken to reduce and/or minimize food waste according to
respondents were:

- improving knowledge in the techniques of food preservation;

- cooking proper portions;

- making available and buying single portions for students and/or for those who live alone;
- checking the expiry dates; and,

- organizing one’s weekly balanced diet and shopping, using shopping lists.

The measures taken by respondents to reduce waste can be grouped into the following categories:

(1) waste separation for collection;
(2) action to minimize or eliminate waste; and,
(3) obtaining more information on the impact waste has on the environment.

The attention of the analysis was mainly focused on the root causes of domestic food waste.
In contrast, concerning steps that are taken to reduce waste, the aim of this investigation was merely to
gain some indications about consumer behaviour: what action has been taken and what action would
consumers like to take in the future.

The initial analysis of the causes of household food waste, presented above, highlighted some
important issues. Most causes have interdependencies and they are part of a complex relationship
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between cause and effect. Using linear regression models and causal maps (see Table 6 and Figure 2),
it was possible to map the logic between causes and effects, thus creating a tree. Indeed, by analysing
the root cause maps, the root causes of waste can be categorised into three groups:

(1) The socio-demographic characteristics of the consumer (age, gender, family status, level of
education, household size, and monthly income).

(2) Food shopping purchases: factors that influence household food waste. These constraints are
associated with the frequency of food purchases and the location of food shopping.

(3) Consumer behaviour: poor culinary skills, such as cooking or buying too much, not using food
in time, a lack of confidence in using leftovers, incorrect conservation, and so on.

In particular, the second group can be influenced by marketing decisions and the commercial
interest of the distribution sector. The third group, however, is mainly related to insufficient purchase
planning and expiring best-before dates in combination with a careless attitude of consumers who can
afford to waste food.

3.3. Linear Regression Analysis and Causal Maps

Per capita daily FW was used as a dependent variable in a linear regression model, with the other
variables being inputted as predictors; R? was 0.95.

Table 6 reports the coefficients of the model. The dependent variable per capita FW is a continuous
and quantitative variable. The predicted age, monthly income, and weekly expenditure for food and
non-alcoholic beverages are quantitative variables; frequency of food purchase and location of food
shopping, gender, family status, level of education, household size, are dichotomous variables (Table 4),
and the main root causes of FW declared by respondents were estimated on a 0-5 Likert scale (Table 5).
The two socio-economic variables considered showed a quite influence on the dependent variable,
the increase of the monthly income and of the weekly expenditure for food and non-alcoholic beverages
had a positive effect on the increase of the per capita daily FW.

Regarding the demographic variables however, gender, family status and household size with
a negative coefficient predicted that males wasted less than females; families with two people or more
wasted less than those with less than two people and married people wasted less than their single
counterparts. In the contrast, others demographic variables that had been included in the first round
of the modelling, such us age and the level of education of respondents (with a high p value), were
not statistically significant in explaining per capita daily FW and they were then excluded from the
elaborations of causal map. Concerning food purchasing habits, the negative coefficients of a higher
frequency of food shopping and the dimension of the food shopping store (super or mini-markets) had
a positive impact on the decrease of FW. Finally, among the causes of FW, leftovers of previous days,
it remains in the fridge, it does not look good, bed smell, and the expired data showed a strong influence
on the dependent variable, increasing the probability of the individuals to declare a high per-capita
daily FW. The causes, I did not like it and I'm not used to measure it, are not statistically significant in
explaining per capita daily FW. In contrast, the negative coefficient of generous portions, it has mold,
the label is confusing and wrong conservation predicted a declaration by respondents that these causes
did not affect their FW. Therefore, they had no trouble in understanding and differentiating between
common food label terms, such as “expiration date/use by”, and “best before” and in preserving the
food in a correct way.

The casual maps (Figure 2) are derived from the results of the relationship between the dependent
variable and the 23 predictors reported in Table 6.
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Causal map of the major root causes of household food wasting
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Table 6. Coefficients of the linear regression.

Per-capita Daily Food Waste. Coef. Std. Err. t P> Itl
Age —0.116 0.087 —1.32 0.187
Gender —199.411 *** 1.315 —15.16  0.000
Family status —6.268 *** 1.995 —3.14 0.002
Level of education 3.473 2.137 1.63 0.104
Household size —1.074 *** 3.435 -3.13 0.002
Montly income 0.018 *** 0.002 7.88 0.000
Weekly expenditure for food and non-alcoholic beverages 0.262 *** 0.026 10.22 0.000
Frequency of food purchases —3.748 *** 3.648 —10.27  0.000
Food shopping stores —1.102 *** 142.205 —7.75 0.000
Expired food 4.112 ** 163.234 2.52 0.012
Bad smell 2.873 *** 3.025 9.50 0.000
Bad taste —1.998 *** 3.141 —6.36 0.000
It has mold —2.285 *** 3.281 —6.96 0.000
Generous portions —6.675 *** 1.993 -3.35 0.001
Wrong conservation —1.073 *** 3.241 -3.31 0.001
It does not look good 7.606 *** 3.064 2.48 0.013
Leftovers of previous days 9.397 *** 307.732 3.05 0.002
It remain in the fridge 8.053*** 2.765 291 0.004
I did not like it 2.088 3.171 0.66 0.510
Package size 2.581 *** 3.440 7.50 0.000
I'm not use to measure the portions 5.694 4.685 1.22 0.224
Poor culinary skills 2.009 *** 4.936 4.07 0.000
The label confuses —1.965 *** 3.976 —4.94 0.000

*** Significant for « < 0.01.

4. Discussion

The discussion of the results is conducted with regard to the following questions:

Are there any significant deviations between the results of this exploratory on-line survey and
those of other available studies conducted more recently in Italy?

In Italy, has food waste received sufficient attention from consumers and policymakers?

4.1. Amount of Food Waste and Products Most Wasted

The present exploratory on-line investigation found that, on average, the respondents wasted 23%
of food consumed (approximately 92 g per day/per capita) and less than 1% stated that they wasted
only 10 g. A simple extrapolation of these figure to the entire Italian population (59,359,900 million
inhabitants) involved results in about two million tons per year. The amount is lower than that
estimated in BIOS study [18] equal to 2.7 million tons per year. Moreover, the value is roughly
in line with the results of other recent surveys that were carried out in Italy. Indeed, in a recent
study conducted in 2018 over one week by Giordano et al. (2018) [28], it was estimated, based on
questionnaires and diaries involving 30 households, that edible food waste amounted to 489 g per
week (about 70 g per day/pro capita) and 1035 g per week (148 g per day/pro capita), respectively.

The results that emerged from the present study are even more consistent with the findings
of a large-scale survey that was conducted in Italy in 2014 by Falasconi et al. (2019) [31], where
the respondents, based on the data of questionnaire, declared to waste a very low quantity of food.
Likewise, the results are similar to another investigation that was carried out in 2018 for the Reduce
project organized by the Ministry for the Environment and the University of Bologna—Distal and
a partnership of the University of Tuscia—Deim, the Polytechnic of Milan—Dica, and the University
of Udine-Deis [47]. From this project, it emerged that, every day, between what is left on the plate,
in the fridge, and in the kitchen store cupboard, Italians throw away 100g of food a day. This figure,
if multiplied by 365 days a year, amounts to 36.92 kg of food, costing €250 a year. An average family of



Sustainability 2019, 11, 1183 11 of 17

3—4 people wastes approximately 1.5 kg of food every week. The most wasteful meal is dinner where,
on average, there is 1.5 times more waste for lunch.

On the other hand, the values from this study are not consistent with the amount of food waste
assessed by investigations that were conducted in Italy by Jorissen et al. (2015) [48] and by Waste
Watcher-Knowledge for Expo reports [49,50]. In the former study, an on-line survey conducted in 2013
using questionnaires that were completed by 404 employees of the European research centres in Italy
(JRC/Ispra), it was found that per capita/per week food waste amounted to 127 g, far below the level
that was found by the present investigation, which was 644 g (92 g multiplied by seven days). There is
less of a contrast with the findings of the study by the observatory for household food waste (Waste
Watcher-Knowledge). In 2013, the latter found that Italians wasted about 76 kg of food per person
per year (208 g per day/per capita) and domestic food waste cost €8.7 billion annually, with a weekly
amount of €7.06 per family. In 2014, household waste had reduced and its annual cost had fallen to
8.1 billion, with a weekly amount of €6.5 per family.

Regarding the products that were most wasted, the present study found that 74.5% of household
waste was made up of bread (21%), pasta (18%), fresh fruit (14%), vegetables (11.5%), and milk (10%),
results that are supported by recent literature. Most studies indicate that the large contributors to food
waste are these items, because, generally, they are fragile and tend to have a variable or shorter shelf
life and are often over-purchased because they are generally cheaper than other product groups, such
as meat [27,31,47,48].

4.2. Connections between Food Shopping Purchases and Food Waste

In accordance with previous studies [27,31,47,48], the exploratory on-line survey indicated that
the shopping purchases of individuals have a huge impact on the level of FW. As shown in Table 6 and
in Figure 2, the amount of food that is thrown away decreases when individuals shop in small markets
and when they shop for food with more frequency (two times/week or more). One explanation given
is that there are generally fewer special offers in mini-markets when compared to supermarkets and
that more frequent shopping allows for a better matching with daily needs. Indeed, about 62% of
respondents said that the deals (e.g., buy one get one free and so on) did not attract them and only 21%
were interested in special offers, while 17% said that offers are sometimes attractive. Consequently,
in line with Falasconi et al. (2019) [31], attention to special offers on food products was not considered
to be a driver for domestic FW.

In contrast, the purchase of large quantities for the whole week increases the probability that
fragile products, with a shorter shelf life, such as bread, vegetables, fresh fruit, and milk, are thrown
away. The results of the present survey found that most of the residents from regions in central and
southern Italy behaved in a more exemplary way. Indeed, 48% go shopping once a week, 31% twice
a week, and the remaining 21% more than twice a week. This behaviour is considered, in accordance
with the findings of the Reduce project [47], ideal in reducing FW. With respect to this issue, several
authors [27,31,47,48] also found that making a shopping list may avoid the purchase of unnecessary
food. Indeed, the percentage of respondents who used a list when shopping was 25%, while 56%
did not use a list at all, and 19% only sometimes used one. The use of a shopping list was especially
frequent in the case of monthly shopping.

4.3. Consumer Behaviour and the Major Root Causes of Food Waste

Regarding consumer behaviour and the major root cause of FW, most findings of the present
on-line survey are in line with the results of recent research that was conducted in Italy [27,31,47,48].
Indeed, looking at the causal map (Figure 2), the major root causes declared by respondents for FW at
home were leftovers from previous days; things that were left in the pantry/fridge; items that did not
look good; food that had expired; food with a bad smell; poor culinary skills; and, package size. These
predictors had a high and positive impact on the increase of FW at the daily, individual consumer
level (Table 6, Figure 2). A dislike of eating the same meal or any leftover food, an estimate of the level
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of intrinsic food quality by appearance, poor culinary skills and, in general, a lack of planning and
management of purchases are at the top of the causal map.

In contrast, the negative coefficient of over generous portions, a presence of mould, the label
is confusing, a bad taste, and the wrong conservation had a negative impact on the increase of FW.
This demonstrates that, when respondents have a good knowledge of cooking, of preserving food,
and can interpret date labelling (avoiding the confusion between "use by" and “best before” dates),
FW decreases. An interesting further aspect was that when a food did not taste good enough, it was
wasted. Buying only the necessary amount, cooking leftovers in creative ways, and improving storage
are ways by which consumers can minimize waste.

4.4. The Socio-Demographic Variables

Different levels of domestic food waste are linked to some socio-demographic and value variables,
as well as to lifestyle characteristics and to the socio-cultural resources of the interviewees.

Low levels of waste were more associated with males, singles, small households, and people with
a low monthly income. In contrast, age and the educational level did not represent, in accordance
with Falasconi et al. (2019) [31], significant predictors of the amount of individual FW. Most of these
results are in accordance with others previous studies. In terms of behaviour, the amount of waste is
closely linked to spending and increases with a rise in the share of income that is destined for food
and beverage consumption, and in the same way, waste increases with the size of the family unit.
Furthermore, the lack of planned spending and purchases in large quantities are the main factors
that increase the amount of waste. The percentage of those who said that they almost never threw
away food was only 2%. In summary, in accordance with [51], it is clear that those who waste more
are those with greater economic but also social and cultural resources. Other available studies have
shown strong correlation between the amount of food waste and household size, something that
was confirmed by this online survey. The absolute amount of food waste strongly depends on the
number of people per household, so that smaller households ordinarily produce less waste than larger
households, but the amount of food waste generated per person decreases with increasing household
size. Single households waste the most on a per capita basis [32,52-54]. Moreover, the results of studies
in the United Kingdom (UK) [50,52,55] indicate that younger generations waste more than older ones,
but no evidence was found in this exploratory on-line survey regarding this.

The creation of a causal map allowed for a visualization of the major root causes of household
food waste. Figure 2 provides a representation of the map displaying the socio-economic characteristics
of the respondents and the relationship with daily food waste.

4.5. The Good Intentions of the Respondents and the Actions Against Food Waste

Attention will now be turned to addressing the research question: In Italy, has food waste received
sufficient attention by consumers and by policymakers? Indeed, there will now be a short overview
of the action that was taken by consumers and the good intentions that emerged from the present
study. With regard to good intentions and actions that the respondents of the present exploratory
on-line survey said that they had taken and/or would like to take in the future, 88% of those surveyed
claimed to be aware of the environmental and economic value of food waste. Furthermore, 81%
of respondents said that they separated rubbish for collection and 65% of them said that they had
reduced the amount of compostable waste thrown away. The respondents highlighted the need to
improve their knowledge of techniques for preserving food, the importance of correct food portions,
the need for readily available single portions for singles, the necessity of checking expiry dates, and
the importance of planning weekly shopping using a shopping list. In addition, concerning future
measures to be taken, as already mentioned, responses can be divided into three group: separating
waste for collection, taking action to minimize or eliminate waste, and acquiring more information
on the impact waste has on the environment. In Italy, only in recent years has food waste received
growing interest from local, national, and European policymakers, international organisations, NGOs,
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as well as researchers from various disciplines. In 2013, the Italian Ministry for the Environment
started working on a National Plan for Food Waste Prevention (PINPAS) in collaboration with Last
Minute Market, one of the major Italian players in food waste management. During the preparation of
this waste prevention programme, the main stakeholders of the food chain were involved in the policy
process. These programmes are a comprehensive set of policy measures that specifically address food
waste prevention [56].

However, on the basis of several studies [57-65], Fanelli and Di Nocera (2017) [66] examined 45
best practices by type, the actor responsible, and level of implementation (Figure 3).

Awareness raising

Cosictic 20 16
t
. osistica 15 15Food redistribution
improvement
10
Logistical ) )
. D 8 Information tools
improvement and.., 1
1 2
Research programme Awareness raising and
prog food redistribution
Training for
sustainable...

Figure 3. Type of initiative in Italy.

Most of the initiatives (26 out of 45) are informative (instruments that are aimed at raising
awareness and informational tools have been included), with the intention of raising awareness of the
problem and promoting change in consumption patterns, in line with the EU Directive targets, acting
on the source of wastage. All of the available studies agree with the fact that consumer information
and education are crucial instruments in influencing behaviour [66]. The causes of waste may vary
according to socio-economic status and culture, such as bad habits, like preparing more food than can
be eaten, leading to leftovers.

5. Conclusions

Food waste is clearly a complex issue, with a multitude of causes that impact food wastage.
This study has explored the major root causes of domestic food waste by analysing the findings of
a large survey that was conducted in Italy. In trying to expose an immediate visual summary of the
results (Figure 2), it has become clear that the issue of waste has been ignored for a long time and has
only recently gained interest. The on-line exploratory survey has highlighted that socio-demographic
characteristics, food shopping purchases, and the consumer behaviour played key roles in determining
the extent of per capita food waste. In particular, among the socio-demographic characteristics of
the respondents, monthly income and expenditure for food and non-alcoholic beverages were the
factors most related to greater declared food waste. This finding is consistent with previous literature.
Other predictors that affected the increase of household FW were cooking too much food (leftovers
from previous days, food left in the fridge) and the palatability of products (it does not look good).
In contrast, regarding food shopping purchases, the frequency and location of food shopping has a role
in decreasing domestic food waste. This could be explained by the fact that approximately 62% of
respondents said that deals (e.g., buy one get one free and so on) did not appeal to them. Regarding
measures to tackle food waste, a large majority of respondents (88%) recognized the need to pay
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more attention to the problem. The findings are in line with previous literature. Overall, through the
behaviour of the participants, the on-line survey confirmed that they are also careless. Nevertheless,
many respondents would be willing to accept advice on how to keep food and how to use leftovers in
the kitchen. Perhaps reassuringly, few respondents claimed that they found information on food labels
difficult to interpret. The findings also indicate that mechanisms for household waste reduction, such
as shopping lists and planning meals, may also reduce waste and help to encourage a shift in shopping
routines. The complexity of the problem demands to policymakers to carried out, with a practical
approach and with the use of multiple communication channels, new educational campaigns against
FW. For these reasons, information and education policies are crucial for providing consumers with
a realistic perception of FW, for changing consumer lifestyles, and raising awareness of the value of
food. More emphasis is therefore needed to improve the capacity and capability of actors along the
food chain and institutions in effective policy formulation and delivery.

The authors acknowledge that the research has some limitations. The population of the survey
that is presented here is not representative of Italy. The main reason is that the respondents were from
five regions of central and southern Italy. Moreover, the questionnaire was distributed via Google
Drive and e-mail and the response to it was completely voluntary. Due to the method used and the
circle of addressees, households with a lower educational level, young people (below 18 years), and
the elderly (persons aged 68 years and above) were not adequately represented in the sample. Thus,
the results cannot be reliably extrapolated to the entire population of Italy. Nevertheless, they provide
some interesting insights into the behaviour of households, in comparison with the findings of other
studies (for the main results, see Section 4). Future studies could concentrate on other geographical
regions and expand the sample to increase the generalizability of the results.
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