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Abstract: This work intended to explore some motivations that influence people’s eating habits to-
wards sustainability. This was an observational, cross-sectional study, carried out by questionnaire
survey on a non-probabilistic sample of 10,067 participants from 13 countries (Argentina, Brazil,
Croatia, Greece, Hungary, Latvia, Lithuania, Poland, Portugal, Serbia, Slovenia, Romania and
United States). Results indicated that people prefer fresh local foods from the season, being im-
portant because it allows transportation and storage to be reduced, which in many cases implies
refrigeration systems and consequent energy expenditure. Although people avoid food waste at
home, the awareness for the waste at restaurants still needs to be improved. Consumers seem to
prefer foods that have been produced and packed in sustainable ways but still give importance to
the package —understandable for food products. The results also indicated significant differences
in the food choice motivations between groups for all sociodemographic variables tested (age, sex,
marital status, education, professional area, living environment and country), but the association
was high only for variable country. Additionally, a tree classification analysis allowed to identify
the relative importance of the influential variables on the sustainable food choices, with country
being the most important, followed by age and sex. Additionally, discriminant function analysis
allowed establishing a model for the relation between country and six variables accounting for
preservation of biodiversity, respect for life, save natural resources, save energy, reduce industrial
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pollution and minimal packaging. Although with some limitations, this study brings valuable in-
sight into some aspects linked with sustainable food choices on a number of countries and how
people shape their food choices according to some sustainability issues.

Keywords: food choice; food waste; sustainable agriculture; sustainable packaging

1. Introduction

Food supply chains are main targets for the sustainable development goals (SDGs)
of the United Nations, since the growing world population constantly needs food that
must be produced, transformed, packed, transported, stored, and disposed in sustainable
ways [1,2]. The United Nations has established in 2015 the 2030 Agenda for Sustainable
Development, accounting for 17 SDGs and 169 sustainable specific targets, indicators, and
metrics. In particular, goal 12 (Responsible consumption and production) applies to all
phases of the food supply chain [1,2].

Knowing that the world population is estimated to be nearly 10 billion by the year
2050, the food supply demand will raise by 70% [3]. This immense growth of the human
population poses a significant number of challenges, related with many different aspects
that go from the food supply chain until the global public health [4]. These challenges
include efficient food production, availability of foods at global level, responsible use of
land and water, efficient management of natural resources, minimization of environmen-
tal impacts, maximization of nutritive value of foods and, finally, management of the use
of chemical residues and harmful substances (such as pesticides, for example) with impact
on the natural ecosystems and human health [4-6].

O’Neill et al. [7] discuss that none of the world’s countries are, in light of the present
situation, readily prepared to face the critical needs for human nourishing, while also pre-
serving the environment and keep the ecosystems sustainable. On the other hand, it is also
true that about one third of the food produced in the world is lost every day. These wasted
food products imply that the resources used in their production and distribution along
the food supply chain are also being wasted, like for example, fuel, soil nutrients, water,
fertilisers, pesticides, raw materials or packaging [3].

The agri-food supply chain challenges for sustainable development are not only re-
lated with the food products themselves, but also include economic, environmental, and
social aspects [8]. Societies are changing all over the world [8,9]. In developed countries
modifications are observed towards a more consumer focused approach and in develop-
ing countries arising wider markets and opportunities for growth [10,11]. Along with
these modifications, the patterns of consumption in developed and developing countries
are increasing, demanding for more food. This also implies that the food industries
around the world increase the amounts of waste and greenhouse gas (GHG) [8].

However, presently, the consumers are already more conscientious of these issues
and some of them even tend to shape their food choices towards a higher global sustain-
ability. A study conducted in Egypt [12] showed that consumer’s choices towards sustain-
able foods are influenced by attitudes, perceived behavioural control, personal standards
and activism. Iris et al. [13] investigated the relationship between food choice and con-
sumer preferences for sustainable foods in Israel. Their results showed that depending on
the dietary patterns, people may be more prone to make environmentally friendly choices,
such as, for example, vegans. Dowd and Burke [14] evaluated the intentions to purchase
sustainable foods and their results showed that from the 8 food choice motivations stud-
ied, only health and ethical values significantly influenced the intention to buy sustainable
food products. These works confirm that people make different food choices in alignment
with sustainable goals. Presently, consumers are much influenced by marketing, which is
designed to successful businesses, but, if targeted to motivate sustainable food choices, it
could represent an important shift towards expansion of the sustainable food chains [12].
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In 2019 food choices were the motto for the EAT-Lancet Commission to take a stand
and produce a global alert towards sustainability at global level [15]. This commission is
non-profit think-tank that includes 37 prominent scientists originating from 16 countries,
which are experts in areas such human health, political sciences, agriculture and environ-
mental sustainability. They published an urgent call for “planetary health diets”, aimed
at improving human health while at the same time coping with environmental sustaina-
bility [15]. It is, however, imperative what lies behind the concept of a sustainable healthy
diet, and to this matter is worthy to mention the reference provided by a joint release from
the Food and Agriculture organization of the United Nations and the World Health Or-
ganization (FAO/WHO) [16] for the guiding principles for what constitutes “Sustainable
Healthy Diets”, which include two dimensions—sustainability and healthiness of diets.
These guiding principles are aligned with the sustainable development goals of the United
Nations, particularly goals 1 (No Poverty), 2 (Zero Hunger), 3 (Good Health and Well-
Being), 4 (Quality Education), 5 (Gender Equality), 12 (Responsible Consumption and Pro-
duction) and 13 (Climate Action) [16]. According to the EAT-Lancet Commission [15] a
healthy reference diet consists mostly of vegetables, fruits, whole grains, legumes, nuts
and unsaturated oils; it also includes a low to moderate amount of seafood and poultry,
but excludes or includes in low quantities the following foods: red meat, processed meat,
added sugar, refined grains and starchy vegetables. Fardet and Rock [17] referred that a
French diet called the “3V rule” (standing for vegetable, real and varied and whenever
possible organic, local and seasonal) provides all nutritional needs. Additionally, this
model could be transposed to other contexts, and adapted according to regional traditions
and environmental characteristics. However, they alert that by excluding even only one
dimension, could set at risk the health as well as the sustainability of the food system [17].
Hence, the adoption of this 3V-based diet, with respect for local constraints, would pre-
serve the human health and also the environment (greenhouse gas emissions, pollution,
deforestation, etc.), small farmers, animal welfare and biodiversity, culinary traditions
and socioeconomics (including an alleviation of public health cost) [17].

Some studies have demonstrated that sociodemographic factors influence people’s
food behaviour in what concerns sustainability. Feil et al. [18] investigated the relation
between some socioeconomic and demographic factors on the motivations to consume
organic foods among Brazilians. Their results showed complex interactions between con-
sumer motivations and attitudes towards organic food. Additionally, Funk et al. [19] stud-
ied the environmentally friendly behaviour of Swiss consumers, and found that their mo-
tivations towards more sustainable food consumption is variable according to some soci-
odemographic and personality factors. These studies confirm that understanding the de-
terminants of sustainable food choices from the perspective of consumers is of the utmost
importance. However, those studies are limited in scope, specifically because they apply
to a single country. There is little information on how consumers shape their behaviours
having in mind sustainability issues on a large scale. Hence the importance of the present
research, which was conducted simultaneously in different countries, and reports data
obtained though the same questionnaire applied in 13 countries. The geographical cover-
age is a certain advantage, since it includes countries spread all over the European conti-
nent, but also in the American continent (Brazil and Argentina in South America and
United States in North America). The purpose of this study was to see the influence of
sociodemographic variables (age, sex, education, country, living environment, marital sta-
tus and professional area) on the food choices related to environmental aspects and sus-
tainability of the food chain.

2. Materials and Methods

This work intended to investigate in what way people modulate their food choices
according to sustainability issues.
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This was an observational study carried out by means of a questionnaire survey on
13 different countries. The questionnaire was prepared in the ambit of the EATMOT pro-
ject [20]. The objective behind the development of this project was to perform a study
about the different psychic and social motivations that determine people’s eating patterns,
either in relation to their choices or eating habits. Hence, the EATMOT project intended
to investigate the drivers of food choice according to six dimensions: health motivations;
economic factors; emotional aspects; cultural influences; marketing and commercials; en-
vironmental concerns. Hence, to understand the “drivers of food choice”, i.e., to perceive
“which factors influence people’s decision processes when choosing a food to consume”,
an investigation was carried out by means of a questionnaire survey. In a previous work
by Ferrao et al. [20], the whole process of the construction and validation of the question-
naire (either linguistic or statistic) was thoroughly described. The application of the ques-
tionnaire in the different countries involved a previous back translation process, to ensure
correctness of the transposition into the native languages in all participating countries.

From the EATMOT questionnaire some questions intended to measure in what ex-
tent the participants considered sustainability when choosing what to eat, and these are
addressed in the present work:

1. Tavoid foods with genetically modified organisms;

2. Ibuy fresh vegetables to cook myself more often than frozen;

3. I choose the foods I eat because it fits the season;

4. It is important to me that the food I eat is prepared/packed in an environmentally

friendly way;

When I cook, I have in mind the quantities to avoid food waste;

It is important to me that the food I eat comes from my own country;

7. I prefer to eat food that has been produced in a way that animals” rights have been
respected;

8. I choose foods that have been produced in countries that do not violate Human’s
rights;

9. Tavoid going to restaurants that do not have a recovery policy of food surplus;

10. I prefer to buy foods that comply with policies of minimal usage of packaging.

The participants responded each of these questions expressing their accordance on a
5-point scale (1—totally disagree, 2—disagree, 3—no opinion, 4—agree and 5—totally
agree). The questionnaire was approved by the Ethical Committee (Reference n® 04/2017)
before application. A non-probabilistic convenience sample with 10,067 adult participants
from the following 13 countries was used: Argentina, Brazil, Croatia, Greece, Hungary,
Latvia, Lithuania, Poland, Portugal, Romania, Serbia, Slovenia and United States.

The survey was conducted between September 2017 and June 2018. The data were
collected through online platforms and also by personal interview, in the different coun-
tries. The participation was voluntary after giving informed consent. Ethical principles
were strictly obeyed when preparing the questionnaire and while collecting and treating
the data, that were kept confidential. From the surveyed people, only a very small re-
sponses were rejected (less than 1%) during the validation process. Reasons for this exclu-
sion might include inappropriate filling and/or high number of not answered questions,
or missing sociodemographic information, which made it impossible to interpret the re-
sults in light of the sociodemographic characteristics.

The variable age of the participants was classified into categories according to: young
adults (aged between 18 and 30 years), middle-aged adults (between 31 and 50 years),
senior adults (between 51 and 65 years) and elderly (aged 66 years or over).

For the exploratory analysis of the data basic descriptive statistical tools were used,
such as frequencies. The crosstabs and the chi square test were used to access the relations
between some of the categorical variables under study. Moreover, the Cramer’s V coeffi-
cient was used to analyse the strength of the significant relations found between some of
the variables at study. This coefficient ranges from 0 to 1 and can be interpret as follows:

AN
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V = (.1 the association is considered weak, V = 0.3 the association is moderate and V = 0.5
or over, the association is strong [21].

To treat the data, the results obtained for the 10 questions were used to calculate a
mean value for each of the participants. This new variable consisted of real numbers var-
ying from 1 to 5, and their interpretation was made according to the following defined
scale:

e  value € [1.0,3.0]—food choices not influenced by sustainability issues;
e  value € ]3.0,5.0]—food choices influenced by sustainability issues.

The variable accounting for the Influence of Sustainability issues on the Food Choices
(ISFC) was submitted to a tree classification analysis for evaluation of the relative im-
portance of each of the possible influential variables considered: sex, age class, marital
status, level of education, professional area, country and living environment. The analysis
followed the CRT (Classification and Regression Trees) algorithm with cross validation
and with minimum change in improvement of 0.005, considering a limit of 5 levels and
the minimum number of cases for parent or child nodes equal to 100 and 50, respectively.

To establish some possible constructs in terms of sustainability in the food chain, the
items of the questionnaire were categorized in terms of their contribution to some varia-
bles established, namely: Preservation of Biodiversity (PB), Respect for Life (RL), Save
Natural Resources (SNR), Save Energy (SE), Reduce Industrial Pollution (RIP) and  Min-
imal Packaging (MP), which in turn allowed for the identification of two dimensions of
sustainability: Preservation of Natural Environments (PNE) and Minimize Industrial Im-
pact (MII). All these variables were subject to a reliability analysis by means of Cronbach’s
alpha (o). This coefficient measures the internal consistency of the data and the higher the
value, i.e., the closest to 1, the better the internal consistency. Although some different
classification scales can be found for alpha, most agree that values over nine are excellent,
between eight and nine are good, and over six are acceptable [22-24]. For all the variables
and constructs established, the values for each participant were calculated as an average
of all items included in each of them, and therefore the values obtained were real numbers
between 1 and 5.

A discriminant function analysis was also performed for the categorical variable
country and the six ratio variables defined: PB, RL, SNR, SE, RIP, MP. For this, the step-
wise method with Mahalanobis distance was used, and the criteria was the probability of
F. The assumptions were verified through the test of equality of covariance matrices (Box’s
M test) and the test of equality of group means was also performed.

The data were processed using the SPSS program, version 26 from IBM, Inc, and the
level of significance used was 5%.

3. Results and Discussion
3.1. Sample Characterization

Table 1 shows the sociodemographic characterization of the sample. Given that for
some of the socio-demographic variables some categories were underrepresented, some
of the categories were collapsed in order to make results more stable. The sample con-
sisted of 10,067 participants, distributed by age classes as: 4988 young adults (18-30 years),
3495 middle-aged adults (31-50 years), 1355 senior adults (51-65 years) and a lower par-
ticipation of elderly people (66 years or over), only 229. Therefore, these two groups were
joined into one class accounting for the people aged 51 years or over, as indicated in Table
1.

Regarding the sex distribution, the participants were mostly women, 7117 partici-
pants, and 2950 were men.

Concerning education, most had a university degree (6150), followed by secondary
school (3710), with just a few with lower education (207 participants with primary school).
Again, the two latest categories were merged into one, accounting for participants with
education up to secondary school.
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The participants were from all the 13 countries, as indicated in Table 1, but Croatia,
Portugal and Slovenia contributed with more participants, 15.3%, 13.1% and 10.8%, re-
spectively. Most participants lived in urban environments (7020) or suburban (1663) and
only 1384 participants lived in rural environments. Additionally, in this case the catego-
ries suburban and rural were merged (Table 1). Concerning marital status, 4756 partici-
pants were single, 4804 were married or living together, 499 were divorced or separated
and 188 were widowed. To this matter, the categories single, divorced and widowed were
grouped into one unique category, accounting for people who do not have a partner, as
opposed to the participants who has a life partner.

Finally, the professional area was also asked given the interest it might have as a
potential influencing variable for the food choices. For the provided areas, it was found
that 18.1% had a profession or studies related with health, 10.4% for food, 9.3% for nutri-
tion, and them minor percentages for psychology (4.4%), sport (3.5%) or agriculture
(3.5%). The remaining participants (50.8%) were from other areas.

Table 1. Sample characterization (1 = 10067).

Variable/Group n % Variable/Group n %
Age group Living environment
Young Adults 4988 49.5 Urban 7020 69.7
Middle-aged Adults 3495 34.7 Suburban/Rural 3047 30.3
Senior Adults/Elderly 1584 15.8 Country
Sex Argentina 522 52
Women 7117 70.7 Brazil 665 6.6
Men 2950 29.3 Croatia 1538 15.3
Education Greece 498 4.9
Up to secondary School 3917 38.9 Hungary 500 5.0
University 6150 61.1 Latvia 636 6.3
Marital status Lithuania 507 5.0
Married 4804 47.7 Poland 586 5.8
Single/Divorced/Widowed 5443 52.3 Portugal 1314 13.1
Professional area Romania 821 82
Nutrition 937 9.3 Serbia 498 49
Food 1048 10.4 Slovenia 1092 10.8
Agriculture 356 3.5 United States 890 8.9
Sport 349 35
Psychology 438 44
Health 1823 18.1
Others 5116 50.8

3.2. Food Choices Related with Environmental and Sustainability Issues

Figure 1 shows the frequencies of response obtained for the questions that were in-
vestigated in the present work, and which relate to food choices in relation with some
aspects linked to sustainability of the food chain. Regarding the genetically modified or-
ganisms (GMO), nearly half of the participants avoid them (27.6% agree with the state-
ment and 19.4% strongly agree). The problem of GMOs is not consensual even among the
scientific committee, because some argue that they compromise ecosystems biodiversity
but others state that they allow better production and the need to use less chemical prod-
ucts, such as pesticides [25-27].

Most participants prefer to buy fresh vegetables (40.6 + 33.5 =74.1%) instead of frozen
(Q2), which is beneficial given the intensive energy expenditure associated with the stor-
age and transportation of frozen foods, and knowing that most of the energy consumed
on a world basis is still from fossil sources and emitting greenhouse gases (GHG) [28,29].
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The preference for foods proper of the season (Q3) is also strong among the partici-
pants (42.5 + 13.5 = 56.0%), also contributing for a more sustainable food chain, because,
again, the need to store foods all year round is very energy-demanding [30].

Concerning the preference for foods that that originate from sustainable processing
systems and packaging (Q4), also a great majority of the participants agree with this
(37.5%) and some totally agree (11.4%), indicating that people are influenced by these as-
pects when buying their food. At the global level, the challenges of the food sector to en-
sure overall food security to a world growing population are enormous, furthermore in a
context of climate change and ecosystems’ degradation [31]. Hence it is imperative to es-
tablish policies that drive consumers to shift to more sustainable and less resource-inten-
sive food choices. Aschemann-Witzel and Zielke [31] reported that price constitutes the
most relevant barrier for consumers to purchase organic foods. However, the income is
only a partial explanatory factor because also other psychographic factors affect the deci-
sion processes. The same researchers [31] also found that consumers are willing to pay a
premium of 30%, on average, for organic foods as compared with their conventional coun-
terparts.

With regards to the food packaging materials, included in question Q4, these are un-
der social scrutiny because the single use plastics, so intensely used in food packaging,
are highly harmful for the environment if not carefully disposed for recycling [32-34]. On
a related question (Q10) not many participants indicated driving their food choices ac-
cording to the minimal use of packaging (27.9 + 8.2 =36.1%). These results combined show
that although participants want to buy foods produced and packed in sustainable ways,
they do not want to let go of the food package. However, this is in accordance with mod-
ern trends to replace traditional synthetic plastic packaging materials by alternative bio-
degradable materials produced from organic sources, that minimizes environmental im-
pact for their production and also on disposal [35-37].

The results obtained for question Q5, about avoiding or minimizing food waste when
preparing or consuming foods at home, indicated that the participants worry about these
aspects (45.6 + 24.1 = 69.7%). On the other hand, when food is wasted in restaurants, peo-
ple do not seem to care and only 17.5% (13.3 +4.2%) admit prefer going to restaurants that
have a food surplus recovery police (Q9). Food remains and losses waste an important
amount of natural resources: 25% of all water used annually in agriculture and 23% of
global cropland; while generating about 8% of annual global GHG emissions [38-40]. Ad-
ditionally, many of the discarded food products are in fact still edible and in a good state
for consumption, and therefore their utilization for social purposes is of the utmost im-
portance [41-43].

The preference for local food (Q6), i.e., foods that have been produced in the same
country where they are consumed, also contributes for a smaller environmental impact,
allied to transportation and storage. This aspect seems to condition the food choice for
about half of the participants (34.8 + 15.8 = 50.6%). Local foods have a social dimension,
contributing for the development of local communities and the establishment of local pro-
duction systems may also contribute to a more efficient use of locally available renewable
resources [44-47].
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Q1. Avoid genetically modified organisms 14.8 32.8 276 19.4
Q2. Preference for fresh vegetables instead of frozen JEIIG 150 40.6 235
Q3. Foods that fit the season  TIENNI2A 27.0 425 135
Q4. Sustainable production and packaging EXEJINIS 334 375 11.4
Q5. Avoid food waste at home  JNOH 15 45.6 241
Q6. Preference for local food 15.7 28.2 34.8 15.8
Q7. Respect for animal’s rights 12.4 2y 30.1 17.6
Q8. Respect for Human rights 17.3 452 20.5 8.2
Q0. Preference for restawrants that recover food swplus 11.9 231 47.6 133 4.2
Q10. Minimal usage of packaging 16.6 39.7 27.9 8.2
B Strongly disagree M Disagree Indiferent Agree Strongly agree

Figure 1. Frequency of response for the 10 questions about sustainable food choices.

Other aspects that relate not only with sustainability but also with some social issues
relate with the respect for animal and human rights. The results of this study revealed that
47.7% (30.1 + 17.6) have the respect for animal rights as a factor conditioning their food
choices (Q7) while a lower number, 28.7% (20.5 + 8.2), worry about human rights (Q8). In
some countries the awareness for the wellbeing of animals is very much discussed, and
this alerts consumers, but the problem of human rights is less discussed, maybe because
some people feel that it might happen in some parts of the globe that are more distant and
so they do not feel it so intensively. Zander and Hamm [48] discuss the relevance of ethical
attributes for the marketing of organic foods, including not only environmental aspects of
organic food, but also aspects linked with animal welfare. Many research works reported
that animal welfare influences people’s food decisions [49], particularly when consuming
eggs [50], milk [51] or meat [52,53].

3.3. Influence of Sociodemographic Variables on Sustainable Food Choices

As described earlier, the results obtained for the 10 questions allowed to calculate a
mean value for each of the participants, and this was then used to classify them into peo-
ple whose food choices are or are not influenced by sustainability issues. Table 2 shows
the cross tabulation between the influence of sustainability issues on the food choices (var-
iable ISFC) with the sociodemographic variables considered: age, sex, marital status, level
of education and professional area. In the table are also presented the values of signifi-
cance of the chi-square tests and the value of the Cramer’s coefficient, which allows to
verify the strength of the association between variables.

The results in Table 2 show that for all the tested influential variables the p-value was
significant at the level of significance of 5%, which means that there were significant dif-
ferences among groups for each of the sociodemographic variables considered. However,
the associations were in general weak, considering the values of coefficient V (lower than
0.2). For the age classes, it was observed that as age increased the people became more
influenced by sustainability issues when making their food choices: for young adults
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65.2% were influenced while for people over 51 years old (senior adults and elderly) that
percentage increased to 83.8%. Regarding sex, women made food choices more influenced
by sustainability issues than men (75.6% against 64.3%, respectively). In what concerns
marital status, the married participants were more influenced by sustainability issues
(78.1%) when compared with single, divorced or widowed participants (64.3%). Individ-
ual characteristics help shaping the mental structure that drives food choice. Some authors
have used the means-end-chain theory, which is an approach based on personal construct
psychology, to model the mental links that people construct between the products’ char-
acteristics and what they believe are the consequences of their choices and file values [54].
From the perspective of behavioural change, this cognitive structure approach delivers
relevant insights to understand food choice determinants.

The results in Table 2 further reveal that people with a university degree are more
prone to make food choices influenced by sustainability issues (74.8%) as compared with
people who completed secondary school or primary school (68.3%). The work by Panzone
et al. [55] examined to what extent the socio-demographic characteristics, either implicit
or explicit attitudes towards the environment, can influence consumer behaviour towards
more sustainable choices. They found that the level of education has a major role in pre-
dicting sustainable consumption, this influence also being related with the explicit level
of concern for climate change. Finally, it was also observed that the professional area in-
fluenced how people made food choices, i.e., if they were influenced by sustainability is-
sues. So, a higher percentage of people linked with agriculture (75.3%) are concerned with
sustainability as compared with other areas. The sector of agriculture is particularly im-
portant for this matter, since agriculture can be one of the great contributors for environ-
mental impacts of the food chain, particularly in what concerns the intensive agriculture
and animal production [56-58]. Alternatively, more sustainable production methods have
been gaining importance in past decades, such as organic farming [59,60]. Nevertheless,
other professional areas also presented high percentages of people whose foods choices
are influenced by sustainability issues: food (72.5%), health (72.0%), nutrition (71.5%) as
well as the non-specified areas (74.0%). However, participants whose professional area is
psychology revealed the lowest concerns with sustainability relating to their food choices
(58.4%) followed by people whose work is related with sports (63.6%).

Meyer-Hofer et al. [61] suggested a typical profile for what they called “convinced
sustainable consumers”, as being mostly women who understand that their personal pur-
chase decisions actually impact on the sustainable development at global level. Addition-
ally, these women are willing to improve sustainability through their individual con-
sumption behaviour. Finally, they treasure high quality foods and are not significantly
influenced by advertisements and offers when they have to decide which product to pur-
chase.

Table 3 presents the associations between influence of sustainability issues in food
choices (variable ISFC), according to some geographical variables: living environment and
country. The results indicated that there were significant differences between the groups
for these two variables, but while for living environment the association was weak, for
variable country the association was strong, meaning that country differences are very
important. Regarding the variable living environment, people from urban areas make
their food choices more influenced by sustainability issues (73.4%) than others (69.7% for
people living in suburban or rural areas).



Sustainability 2021, 13, 2869

10 of 19

Table 2. Association between sociodemographic factors and influence of sustainability on the food
choices (ISFC).

Variable/Group In ﬂl::rtce d Infhtenced Chi-square Crafn.er's coef-
(%) (%) p-value ficient, V
Age group
Young Adults 34.8 65.2
Middle-aged Adults 229 77.1 <0.0005 0164
Senior Adults/Elderly 16.2 83.8
Sex
Women 244 75.6 <0.0005 0.114
Men 35.7 64.3
Marital status
Married 21.9 78.1 <0.0005 0.124
Single/Divorced/Widowed 33.0 67.0
Education
Up to secondary School 31.7 68.3 <0.0005 0.070
University 25.2 74.8
Professional area
Nutrition 28.5 71.5
Food 27.5 72.5
Agriculture 247 753
Sport 364 63.6 <0.0005 0.080
Psychology 41.6 58.4
Health 28.0 72.0
Others 26.0 74.0

Cultural factors act as drivers of food choice and country differences encompass, not
only the dimension of social and cultural influences, but also the dimension of political
actions and measures aimed at provoking a shift towards more sustainable options
[62,63]. Cuevas et al. [64] developed a framework of Gastronomic Systems Research (GSR)
aimed at understanding consumer food choices according to specific cultural back-
grounds, on a context of urban high-income consumers. In the pursuit to understand the
motivations of food choice, a holistic approach can be considered to identify knowledge
gaps and target specific intervention points along the food supply chain. An interdiscipli-
narity must be sought also to address the consumers’ cultural backgrounds and societal
features [65,66].

3.4. Tree Classification Analysis

The variable accounting for the influence of sustainability on the food choices (ISFC)
was then submitted to a tree classification, according to the influence of the seven varia-
bles tested. The tree resulting from the application of the CRT algorithm to the problem
in question can be seen in Figure 2 (in a reduced version) and Figure S1 (detailed tree-
available for download as a high-resolution image). The obtained tree had 5 levels and 51
nodes, from which 26 were terminal. The risk estimate was 0.265 for resubstitution and
0.272 for cross-validation, with standard errors of 0.004 in both cases. The results showed
that the first discriminant variable was country, separating the initial sample into two dif-
ferent groups: Group A including four countries (Portugal, Poland, Romania and Slove-
nia), and Group B for the other nine countries (Argentina, Croatia, Greece, Latvia, Lithu-
ania, United States, Serbia, Hungary and Brazil). Interestingly, in both groups the follow-
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ing discriminant variable was again country, separating into Al (Portugal) and A2 (Po-
land, Romania, Slovenia), and also B1 (United States, Hungary) and B2 (Argentina, Croa-
tia, Greece, Latvia, Lithuania, Serbia and Brazil) (Figure S1). This confirms the strong in-
fluence of country as a differentiating factor for the influence of sustainability on food
choices. The following level shows that in all cases age class was the discriminant variable
in all countries. However, in the 3 level of the tree classification a slight variability of
discriminating factors was observed, although in most of the cases (six out of seven) the
discrimination was made according to sex. For the young adults from Portugal, the level
4 discriminant was professional area originating two distinctive groups, one of them in-
cluding areas such as food, nutrition and health.

Table 3. Association between geographic factors and influence of sustainability on the food
choices (ISFC).

Variable/Group in ﬂl:;:m d Infhtenced Chi-square Cramfer's coeffi-
%) (%) p-value cient, V
Living environment
Urban 26.6 734 <0.0005 0.038
Suburban/Rural 30.3 69.7
Country
Argentina 34.1 65.9
Brazil 28.4 71.6
Croatia 29.7 70.3
Greece 28.7 71.3
Hungary 43.8 56.2
Latvia 32.5 67.5
Lithuania 30.0 70.0 <0.0005 0258
Poland 24.4 75.6
Portugal 77 92.3
Romania 19.7 80.3
Serbia 32.1 67.9
Slovenia 20.2 79.8
United States 51.7 48.3

At node zero, i.e., for all the sample, the percentage of people that make food choices
influenced by sustainability issues was 72.3%. In the second level, i.e., separations accord-
ing to countries, for Portugal, Poland, Romania and Slovenia that percentage was the
highest, 83.6%, while for the group of the other countries the percentage was considerably
lower, 65.4%. The behaviour of consumers towards sustainability is much different de-
pending on the country, which might be explained by differences in culture, ways of life,
conscientiousness and political measures implemented to educate consumers towards
more responsible choices, not only regarding the food they consume but also other actions
that have impact on global sustainability. Sometimes sustainable options look more ex-
pensive at a first glance, because these options are meant to have additional non-financial
implications, that are thought on a long-term basis rather than immediate profit.
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Figure 2. Simplified version of the tree classification for influence of sociodemographic variables
on sustainable food choices. (A more complete version is available as supplementary material —
Figure S1).

3.5. Dimensions of Sustainability in the Food Chain

Figure 3 resumes the reliability analysis conducted to the variables created to estab-
lish some possible constructs in terms of sustainability in the food chain, according to the
contributions of the questionnaire items. The results show that for most of the variables
(PB, SNR, SE and RIP) the values of alpha were too low, under the limit for acceptable (o
< 0.6), just with exceptions for variables RL with o = 0.700 and MP with o = 0.686. How-
ever, when the variables were grouped into wider constructs, the internal reliability in-
creased considerably so that both constructs have acceptable values of alpha: o= 0.712 for
PNE and o = 0.677 for MII. According to some authors values over 0.6 are acceptable [22-
24], although values equal to 0.7 or higher would be desirable [22,23]. The internal con-
sistency of the whole factor Dimensions of Sustainability in the Food Chain (DSFC) was
good (o = 0.805) [22-24]. Moreover, in all reliability tests made, the removal of any of the
variables did not increase alpha, and thus, it was concluded that all items should be in-
cluded in the definition of the variables and constructs.
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Figure 3. Reliability of the variables established for dimensions of sustainability in the food chain.

The preservation of natural environments allied to the minimization of industrial im-
pact are two key points that contribute to achieve the SDGs of the United Nations by 2030
[2]. Aspects such as preservation of biodiversity, save natural resources, save energy, re-
duce industrial pollution, respect for life and minimal packaging are at the centre of at-
tention both from the point of view of consumers and also producers. The establishment
of short chains for food supply has been emerging in recent years, due not only to the
increasing concerns with the environment, but also because more attention is focused on
aspects such as food safety and human health, not forgetting animal welfare or ecological
and sustainability issues. The short food supply chains are linked with ecological, envi-
ronmental and social dimensions, since they rely much on local suppliers as well as on the
characteristics of local buyers while minimizing transportation and storage, thus allowing
to save a considerable amount of energy [39,67,68]. Additionally, these practices are also
allied to more traditional processing, thus eventually reducing the impacts of the food
industries, also due to the use of lower amounts of packaging [69]. The food supply chains
are responsible for a considerable amount of pollution cause by packaging materials. Most
food providers of food services use durable plastic bags and meal boxes to easily transport
foods, owing to the low cost of those materials allied to their convenience and functional
advantages when compared with other materials such as glass or tinplates [70,71]. The
industrialized food products also follow a similar pattern, due to the need to protect foods
along the supply chain, from the production unit to the table of the consumers. Hence,
food packaging, by representing the largest demand for plastic packaging, is rather im-
portant in the management of plastic waste [35].

3.6. Discriminant Function Analysis

As the results from the tree classification analysis showed that the most discriminat-
ing variable for the sustainable food choices was country (both in the first and the second
levels) a discriminant function analysis was performed for country as dependent variable
and considering as independent variables the six defined for the sustainability in the food
chain: PB, RL, SNR, SE, RIP and MP. The results showed that Wilks’s lambda was signif-
icant by the F test for all independent variables (p <0.0005 in all cases), and variables with
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smaller value of Wilks’s lambda were Se and ROR, thus being those more important for
the discriminant analysis. The correlation matrix showed that the highest correlations be-
tween predictors were 0.892 (correlation between MP and RIP) and 0.643 (between RIP
and SE). Table 4 shows the results of discriminant function analysis, that produced six
functions. The first function, with the highest eigenvalue, explains 36.0% of variance, fol-
lowed by F2, explaining 30.4% of variance and so on, and in global, all the six functions
explain 100% of the variance. The results also indicate that the six functions are significant
(p-value < 0.0005 in all cases). The value of Wilks’ lambda is lower for F1, so this has the
best discriminant ability. The canonical correlation coefficients measure the association
between the functions and the variable country, and in this case the highest was for func-
tion F1.

Table 4. Results of discriminant function analysis.

% Variance Canonical Wilks’

Function  Eigenvalue Explained Correlation Lambda * -oalue
F1 0.169 36.0 0.380 0.643 <0.0005
F2 0.142 30.4 0.353 0.751 <0.0005
F3 0.067 14.2 0.250 0.858 <0.0005
F4 0.044 9.4 0.206 0.915 <0.0005
F5 0.031 6.6 0.173 0.955 <0.0005
F6 0.016 3.4 0.124 0.985 <0.0005

The results of the structure matrix (Table 5) show that coefficients with large absolute
values correspond to variables with greater discriminating ability. In this case, the greater
discriminant ability in function F1 is provided by variable RIP (0.751), in F2 is variable SE
(0.901), in F3 and F4 is RL (0.562 and 0.688, respectively), in F5 is variable SNR (0.497) and
in F6 is MP (0.561). Variables with loadings lower than 0.3 (absolute value) were excluded
from the model.

Table 5. Structure matrix.

Functions
Variables 1 F1 F2 F3 F4 F5 F6
RIP 0.751 * 0.384 0.113 0.367 -0.111 0.358
SNR 0.716 * 0.287 -0.154 0.280 0.497 -0.235
MP 0.685 * 0.226 0.180 0.264 0.250 0.561
SE 0.311 0.901 0.212 0.126 -0.161 -0.069
PB -0.110 0.771" -0.159 0.494 0.261 0.235
RL 0.324 0.097 0.562 0.688" 0.309 -0.013

I RIP = Reduce Industrial Pollution, SNR = Save Natural Resources, MP = Minimal Packaging, SE =
Save Energy, PB = Preservation of Biodiversity, RL = Respect for Life. * Largest absolute correla-
tion between each variable and any discriminant function.

The results indicate that the aspects related with saving energy and natural resources
allied to the reduction of industrial pollution and the care for preservation of biodiversity
are strong factors that drive the food choices, in the countries included in this study, to-
wards sustainable food chains. As previously amply discussed, these aspects are im-
portant to change the food supply chains into more environmentally friendly ones.

Figure 4 shows the distribution of the different county groups according to the dis-
criminant functions. The huge cloud of points results from the very high number of par-
ticipants representing each of the countries, but the dispersion is somewhat limited. Still,
the centres representing each of the countries show some differences, such as that United
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States is quite alone, and so is Portugal, although on an opposite side of the map. Coun-
tries such as Argentina and Brazil are quite close and most European countries form a
cohesive group, just with Greece standing out. These results highlight, on one side, the
importance of geographical location on the shaping of consumer behaviour, and on the
other side, the role of common political measures to influence people’s food choices. The
countries in the European Union have some common policies that might explain why the
European citizens tend to similar trends in regards to sustainable food options. The Euro-
pean Union aims to be a leader in what concerns driving the world towards sustainability.
The proposal from 2018 of the European Commission for Horizon Europe specifically
mentions the Sustainable Development Goals of the United Nations Agenda 2030 as the
pivotal focus of the programme [72,73]. There is relevant confirmation that specific social
norms linked to food consumption have a major effect on people’s food choices. On the
other hand, the globalization of food supply chains has increased the availability and va-
riety of foods, becoming eventually less sustainable, owing to long distances travelled
across the globe and/or being available throughout the entire year and not only in the
production season [74-76].

Country

Fortugal
) Argentina
O Brazil
I Croatia
Greece
) Hungary
Latvia
! Lithuania
Faland
() Romania
0 g Slovenia
2 United States
Serbia
B Group Centroid

L]

Function 2

Function 1

Figure 4. Discriminant functions for the 13 countries of the study.

The model construction was based on the discriminant function coefficients, and re-
sulted in the following equations:

F1=—3.277 4+ 0.961 X RIP + 0.789 x SNR + 0.081 X MP + 0.078 X SE — 0.216 X RL 1)
F2 = —4.110 — 0.780 X RIP + 1.400 X SE + 0.415 X PB @)

F3 = —0.370 + 1.009 x RL ©)

F4 = —2.588 + 2.460 X RIP + 0.951 x PB + 0.865 X RL 4)

F5= —0.318 + 0.870 x SNR + 0.114 X RL (5)
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F6 = 0.297 — 0.122 X RIP + 1528 X MP (6)

4. Conclusions

This work allowed us to conclude that most participants in this survey tend to prefer
fresh local foods from the season, which minimizes storage and transportation. People in
the countries included in the study tend to minimize food waste at home, but the aware-
ness for the waste at restaurants still needs to be increased. The consumers opt for foods
that have been produced and packed in sustainable ways but do not want to get rid of
packaging, which leads to the need to replace harmful plastic materials by sustainable
options, such as natural biodegradable films.

Additionally, it was concluded that there were significant differences between
groups for all sociodemographic variables tested (age, sex, marital status, education, pro-
fessional area, living environment and country), but the association was high only for var-
iable country, being weak in all other cases. Finally, tree classification analysis allowed us
to identify the relative importance of the influential variables on the sustainable food
choices, with country being the discriminant variable on the first and second levels, fol-
lowed by age and sex. The items were used to define constructs associated with the preser-
vation of natural environments and minimization of industrial impacts, validated though
internal reliability analysis.

Some limitations of this study can be pointed out, like the use of a convenience sam-
ple with non-homogeneous groups’ constitution, namely lower representativeness of less
educated people, of men and of older people. Additionally, the recruitment in the differ-
ent countries involves was not equal, with higher participation in some countries. Finally,
the choice of the participating countries followed also a convenience criterion, being all
these included in the EATMOT project. Nevertheless, this study might be very valuable
for a number of factors, such as: this study brings some light into how consumers shape
their behaviours towards more sustainable food choices on a wide scale; the fact that this
study involved many different countries, with a good geographical coverage, makes it
possible to better understand the similarities/differences across different cultural groups;
the high number of participants in each of the countries makes these results possibly rep-
resentative of the rest of the population; and the strong statistical reliability of the obtained
results are positive indicators that the formulated conclusions are valuable instruments
that can be used with a good degree of confidence.

The implications of this study include a starting point to help increase the knowledge
about how sustainability aspects influence people making their food choices, and from
that to implement measures at local or global scales to help change consumer behaviours
towards more sustainable options.

Supplementary Materials: The following are available online at www.mdpi.com/2071-
1050/13/5/2869/s1, Figure S1: Full version of the tree classification for influence of sociodemographic
variables on sustainable food choices.
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