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Preface to "Motivations Associated with Food Choices
and Eating Practices”

This book is generally focused on food choice, and which factors are associated with the
decisions that define people’s eating behaviour. These reasons are highly variable and include
influences from the surrounding environment, as well as the individual characteristics of each person.
The chapters that compose the book address these issues from different points of view. Some explore
the psychology of food choices or the cultural aspects and tradition, as well as the influence of
surrounding contexts. Others focus on the role of lifestyle on eating practices and health motivations,
but also the food marketing and the sensory aspects of food, as a way to incentive consumption.
Finally, sustainability concerns and environmental impacts can also shape and help change people’s
food choices.

The book was derived from the international project “EATMOT - Psycho-social motivations
associated with food choices and eating practices”developed in various countries simultaneously,
to study the different psychic and social motivations that determine people’s food choices or eating
habits. The project addressed, in particular, some key topics: health motivations, economic factors,
emotional aspects, cultural influences, marketing and commercials, and environmental concerns. For
this reason, the book contains a set of chapters about the outcomes from the project, and authored
by its team members. Additionally, some other chapters were authored by scientists external to the
project but working on related topics, which enhance the final quality of the book and expand its
contents.

Within the chapters gathered on this book you will find key topics that apply to everyday food
choices or that can help target food consumption goals towards better health, more sustainable food
chains and happier lifestyles.

The Editor would like to thank MDPI publishing for supporting the publication of
the book and CI&DETS and CERNAS research centres at Polytechnic Institute of Viseu for
approval and financial support to the project EATMOT (references: PROJ/CI&DETS/2016/0008 &
PROJ/CI&DETS/CGD/0012).

Raquel P. F. Guiné
Editor
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The principal reason that influences people’s eating characteristics is to satisfy basic
body stimuli, like feeling hunger and the need for satiety. Nevertheless, people’s food
choices are not determined solely by physiological needs or nutritional demands. Actually,
in addition to the central factors that lay behind the act of eating, it is possible to enumerate
an extensive diversity of other factors which also condition the food choices. The human
behaviors regarding foods are associated with a number of reasons, some of sociological
nature and others of psychological essence. Hence, it is important to better understand
the different psychic and social motivations that determine people’s eating patterns, either
in relation to their food choices or to their eating habits. The possible different types of
motivations that shape food consumption can include areas such as, but not exclusively,
health motivations, economic factors, emotional aspects, cultural influences, marketing
and commercials or environmental concerns.

Presently, the close relation between eating habits and the prevention of a large number
of pathologies is well-established. Unhealthy diets comprise minimal fruit and vegetable
intake and excessive consumption of processed convenience foods high in salt, fat and
sugar. However, an excess of fats, sugars or salt has been associated with many chronic
diseases [1,2]. It has been demonstrated that eating inappropriate amounts of fats, and
particularly saturated and trans fats, constitutes an increased risk of heart diseases such as
stroke, atherosclerotic vascular diseases and, in particular, coronary heart disease, cardiac
dysfunction (indirect and direct cardiac effects, including inflammation, hypertrophy, fibro-
sis and contractile dysfunction) or increased LDL (Low Density Lipoproteins) cholesterol
and triglycerides. Salt has also been recognized as a major contributor to cardiovascular
diseases, as it progressively raises blood pressure levels with age. On the other hand, the
presence of added sugars in the diet is associated with an increased risk of obesity and
other obesity-related chronic diseases, including type 2 diabetes. Additionally, an excess of
weight has been identified as a major risk factor for a range of preventable chronic diseases,
including cardiovascular disease, cancer, osteoarthritis or diabetes. On the other hand,
the insufficient ingestion of fruits and vegetables, as a result of modern trends towards
the consumption of high levels of processed convenience foods, results in deficiencies in
vitamins, dietary minerals, dietary fibers and bioactive substances such as, for example,
antioxidants, among other extremely important food constituents.

It is unquestionable that food is essential to provide the human body with the energy
it needs to function, as well as macro and micro components and bioactive components
with major roles in maintaining health. However, food is also recognized as an inseparable
part of traditions and culture, as well as social environments, and hence, eating has a strong
emotional component. Some people may have had certain eating habits for so long that
they do not even realize they are unhealthy. On the other hand, for many people, even if a
need to change their eating habits is identified, it might be very hard to do it for a number
of reasons: the present habits have become part of their daily life, so they do not think
much about them; they want to change but familiar or friends” influences may overcome
their intentions; the role of publicity and marketing must also be accounted for; or simply
they have become addicted to bad foods and it is difficult to overcome this addiction.
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One’s emotional status influences all features of human life, and naturally also eating
behavior. People tend to establish regular dietary patterns or make different food choices
adaptable to their emotional status or temporary moods. Emotional eating is associated
with a trend to overeat as a compensation for negative emotions, like, for example, de-
pression, anxiety or irritability. Conversely, for other individuals, feelings of sadness,
loneliness or depression can block their appetite, preventing them from ingesting appropri-
ate amounts of the nutrients essential for the correct body functioning. Therefore, emotions
assume an incredibly relevant role in people’s eating behavior [3,4].

Economic factors have also been demonstrated to have a modulatory effect on eating
patterns, evidencing differences, for example, at the level of low household income families
when compared to those societies with a higher average income and characterized by a
higher level of industrialization [5]. However, other factors, besides price, also contribute
to define consumer trends, such as availability or cultural aspects. In the present global
markets, food products are commercialized amongst many different countries and across
cultures, and the role of tradition is also relevant, especially when it comes to protected
regional foods. The willingness to consume traditional food products is directly related to
the concept of authenticity and how this is perceived by consumers [6-8].

The sustainability across the food supply chain is also driving modern consumers
towards sustainable or green consumer behavior, which relates to food choices that aim at
preserving the environment and ecosystems’ biodiversity. Sustainable consumers refuse
to buy and consume foods that bring detrimental effects to the environment, and instead
look for products which cause a minimal impact on the planet, or even that are beneficial
for global sustainability. Hence, nowadays a great deal of importance is given to the
development of nutritionally improved foods, with good acceptability and which at the
same time bear additional environmental impacts. This is the case with the utilization of
food industry by-products, that otherwise would have to be discarded, being incorporated
into new foods [9].
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Abstract: The choices and preferences of food consumers are influenced by several factors, from
those related to the socioeconomic, cultural, and health dimensions to marketing strategies. In fact,
marketing is a determinant ingredient in the choices related to food consumption. Nonetheless,
for an effective implementation of any marketing approach, the brands play a crucial role. Creating
new brands in the food sector is not always easy, considering the relevant amount of these goods
produced within the agricultural sector and in small food industries. The small dimension of the
production units in these sectors hinders both brand creation and respective branding. In this context,
it would seem important to analyse the relationships between food marketing and consumer choice,
highlighting the role of brands in these frameworks. For this purpose, a literature review was carried
out considering 147 documents from Scopus database for the topics of search “food marketing” and
“choices” (search performed on 16 October 2020). As main insights, it is worth highlighting that the
main issues addressed by the literature, concerning food marketing and consumer choices, are the
following: economic theory; label and packaging; marketing strategies; agriculture and food industry;
market segments; social dimensions; brand and branding. In turn, food marketing heavily conditions
consumer choices; however, these related instruments are better manipulated by larger companies.
In addition, this review highlights that bigger companies have dominant positions in these markets
which are not always beneficial to the consumers’ objectives.

Keywords: literature survey; Scopus; brands; consumer preferences

1. Introduction

The food choices by consumers are influenced by several factors, where the prices traditionally have
great importance, as highlighted by the economic theory. However, there are new tendencies, and some
segments currently privilege healthy [1] and sustainable characteristics [2]. Food consumption has
several dimensions, including that of a social and cultural magnitude, and this sometimes compromises
policies to change unadjusted behaviours [3] and influence food perceptions [4]. The sociodemographic
and behavioural factors also have their implications [5] on consumer behaviour. On the other hand,
labelling and packaging have a significant impact on consumer choices and preferences [6].

In these contexts, marketing strategies are useful and powerful approaches in order to create and
maintain a market in any economic sector and, specifically, in the food industry [7]. However, in the
food market, it is important to distinguish two production sectors, agriculture and industry. These two
distinct sectors with different dynamics have implications on the respective markets. This is important
to highlight, because this makes the food sector different from other economic sectors.

Agriculture has several particularities that constrain the design of effective marketing plans.
In fact, the structural context of farms, often, in small dimensions, in great numbers and the producing
commodities are limited in the ability to create a custom positioning, a crucial ingredient for any
marketing approach. The main problem of this atomised structure is associated with the reduced

Foods 2020, 9, 1651; doi:10.3390/foods9111651 5 www.mdpi.com/journal/foods
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individual level of production, focused on parts of the year that prove difficult to maintain a regular
presence in the market and the respective branding. These weaknesses of the sector limit the market
choices of farmers [8]. Of course, the brand and the agricultural sector are only a part of the food
marketing framework.

In turn, the food industry is often conditioned to be more competitive and to generate value added
through the creation of brands. In fact, this is a sector with the dynamics and the competitiveness
predicted by the economic theory for the industry, i.e., as having activities with increasing returns
to scale. The performance in terms of productivity and efficiency allows for another presence in the
markets and possibilities to further develop marketing plans and strategies for a more sustainable
development [9].

Considering that marketing approaches influence consumer food choices, the literature survey
highlights the relevance of a systematic review concerning two dimensions: food marketing and
consumer choices, taking into account the specificities of the two sectors related to food production.

From this perspective, the research carried out intends to highlight the main insights from the
scientific literature into the relationships between food marketing and the choices of consumption
performed by consumers. To achieve this objective, 147 documents (only articles and reviews) from the
Scopus database [10] were obtained, considering as topics for searches carried out on 16 October 2020
“food marketing” and “choices”. These documents were analysed through a literature survey. To better
perform the literature analysis, a previous bibliographic analysis and literature survey were considered,
and this approach allowed for organisation of the literature review with the following structure:
economic theory; label and packaging; marketing strategies; agriculture and food industry; market
segments; social dimensions; brand and branding. This approach was complemented using the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) methodology [11].
For the PRISMA approach, 137 documents (only articles and reviews) were also considered from the
Web of Science Core Collection [12] for the same topics. When the documents from Scopus and Web of
Science were considered together, through the Zotero software [13], a great majority were duplicated
(around 100). From this perspective, considering the relevant number of documents duplicated across
the two scientific databases and the Scopus platform having more documents, the decision was made
to opt only for the documents from this database. The topics of search “food marketing” and “choices”
were selected to find documents in the scientific databases related to the interrelationships between
food marketing and consumer choices. The search topics “food”, “marketing”, and “choices” could be
considered, for instance, but this search option would greatly increase the number of documents found,
taking the level to an infeasible amount for a literature review; furthermore, the studies obtained were
outside the intended scope (“food marketing”).

2. Bibliographic Sample Characterisation

The information presented in this section is relative to a sample obtained from the Scopus
database for a search carried out with the following topics/keywords: “food marketing” and “choices”.
In addition, it is important to highlight that the identification of the sample and its analysis considered
other scientific contributions concerning systematic reviews [14-17].

The number of documents related to the topics considered has increased from 1970 until today,
with relevant breaks in 2013 and 2016, with a total of 16 documents in 2020 (Figure 1). This context
shows that there are opportunities to increase the number of documents published with regard to these
fields, considering the annual average number of studies published and the relevance of the topics.

A large part of the documents focused on subject areas such as the following (Figure 2): medicine;
nursing; agricultural and biological sciences; business, management and accounting; psychology;
social sciences; economic, econometrics, and finance; and environmental science. This framework
reveals the multidisciplinary dimension of the issues related with the topics addressed here.

The majority of the studies were carried out by authors affiliated to institutions from the United
States, Australia, the United Kingdom, Canada, Italy, New Zealand, Belgium, China, and Germany
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(Figure 3). The several dimensions associated with these topics are relevant to several countries around
the world. In this way and considering the values presented in Figure 3, there are opportunities to be
further explored regarding these topics by affiliated authors in institutions from important countries,
such as, China, India, Brazil, and the European Union member-states.

Source titles having two or more documents are those presented in Figure 4. The following
journals were noted: Appetite (13); Public Health Nutrition (8); Food Quality and Preference (5);
Nutrients (5); British Food Journal (4); Childhood Obesity (3); Journal of the Academy of Nutrition and
Dietetics (3); Obesity Reviews (3).

Figure 5 was obtained using VOSviewer software [18,19] with the 147 documents obtained
from the Scopus database. This figure was obtained using bibliographic data for co-occurrence
links and all keyword items. In this figure, the circle/label size represents the number of keyword
occurrences, and relatedness (proximity of circles/labels) is determined on the basis of the number
of documents in which the keywords occur together [19]. Figure 5 highlights the relevance of
keywords, for example, obesity, child, advertising, review, interview, adolescents, market, policy,
labelling, perception, willingness to pay, health, choice experiment, index method, case study, apps,
and television. These keywords reveal some relevant dimensions related to food and marketing and
consumer choices (obesity, health, children and youths, labelling, perceptions, taste, willingness to
pay, policies, and media) and some methodological approaches (review, interview, choice experiment,
index method, and case study). On the other hand, there is a great amount of relatedness (number of
documents in which the keywords occur together) between food marketing and human obesity,
especially in men and children.
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Figure 4. Source titles with two or more documents.
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3. Literature Survey

Considering the bibliographic analysis and a preliminary literature survey, this section is divided
into the following subsections: economic theory; labelling and packaging; marketing strategies;
agriculture and food industry; market segments; social dimensions; brand and branding.

3.1. Economic Theory

As predicted by the theory of demand, the consumption of goods and services by consumers to
satisfy their daily needs is dependent on market prices. In addition, the theory of utility explains that,
when consumers intend to satisfy their needs, they also expect to maximise utility, depending on their
income. This is true in every market, including in the food markets from low-income countries [20].
Consumer demand is dependent on several factors, but the prices (own product, substitute product, and
complementary product prices) are amongst the most important variables. Of course, other variables,
such as product quality and the economic conjuncture of each country, have their influences on
consumption. In these frameworks, consumers combine quantities of goods and services so as to obtain
the maximum satisfaction from their consumption. The level of satisfaction achieved is dependent on
the available revenue to consume. The economic theory assumes that the economic agents are rational,
and this means that consumers want to consume more when prices are lower with the exception of
luxury products or goods and services of basic needs [21]. The marketing plans, in general, bear these
contexts in mind, because the consideration of these fields is determinant for a successful strategy in
the food sector.

On the other hand, some dimensions are multidisciplinary and networked, such as those,
for example, related to welfare [22]. Welfare is, in fact, the focus of research for several disciplines such
as biology, economy, psychology, and sociology. This transversal perspective could prove interesting
as a means for cross-approaches, including insights from economic theory, to promote more adjusted
patterns of food consumption, mainly those more compatible with health requirements [23]. The impact
on health from food consumption is a concern for several stakeholders; however, it is not an easy
challenge to mitigate these implications, due to the market power of certain stronger brands.

Economic options and the respective economic dynamics, with consequences on prices and on
consumer incomes, have direct and indirect impacts on food choices and, consequently, on the health
of the respective population [24]. In turn, the economic theory may provide interesting insights for
more effective health policies and programmes that incentivise, in a greater way, food choices which
are more compatible with a balanced human life environment [25]. The economic theory may also be a
relevant ally towards supporting better knowledge about company frameworks for a more effective
market and marketing approaches [26].

The price elasticities, for example, may provide relevant support in these strategies and enable us
to predict future patterns of food consumption [27]. The prices do indeed have a determinant impact
on food markets [28], despite their particular price and income elasticities. In general, the food markets,
specifically, those more linked with the production sector (agriculture), have lower, inelastic price
elasticities. This means that the consumers are not sensitive in their consumption to price changes,
mainly due to the fact that food products are often essential goods and services of basic needs and where
the prices are lower. The same happens for income elasticities, meaning that, when consumers have
more revenue, they have a tendency to increase their consumption of products other than food goods.
In other words, when consumer income increases, they are willing to increase industrial and service
consumption rather than consume more food [21]. This is a great task for the food industry, where the
brand and respective branding are called upon here to play their contribution, whilst sometimes having
implications on consumer health.
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3.2. Label and Packaging

Food labelling and packaging are used to inform consumers about the product’s characteristics,
in accordance with legislation, and for marketing purposes [29], but they may also provide support
for healthier choices [30]. The legislation regulates the information which may be considered for
labelling, and this can sometimes be too bureaucratic and may bring about additional difficulties
to market strategies. For example, in some food/beverage sectors, prior to any change in the label,
there needs to be previous approval from the competent institutions, and this limits the strategic tasks
of the respective companies, mainly when the intention is to provide something more personalised for
the consumers.

Despite this regulation, the objectives of labelling to protect human health are, sometimes,
compromised. The labelling text and design condition the perceptions of the consumers about food
goods and services and influence their choices [31], especially when questions related to health are
implicit [32]. The influence of the label design also has relevance in the perceptions and choices among
children [33], where cartoon characters and nutritional statements have their importance [34].

The regional and Mediterranean labels are, in general, designed to promote marketing strategies
and highlight product attributes [35]. The regional brands and respective labels are ways to highlight
local food characteristics and to create value added in endogenous resources. In fact, the big challenge
in some food sectors is to create value added for stakeholders, and these regional brands support
the objectives to bring more value added to several operators. In general, these regional brands are
umbrella products that promote other endogenous goods and services.

The type of packaging has an influence on consumer perceptions about the healthfulness of
the respective food. For example, milk in glass packaging is perceived as being healthier than milk
packaged in a carton [36]. Packaging influences children and adults in different ways. For example,
for adults, the package size and shape are important attributes, more than the information present on
the labels [37]. Different generations have distinct patterns of consumption, and millennials, having a
different educational environment, where social media has a great impact, have other preferences
and vulnerabilities.

Nonetheless, the labelling and packaging are, in some cases, more useful in aiding consumers to
identify healthier food rather than trying to influence them to buy these products [38]. In addition,
the presence of cartoons on packages positively influences children to choose fruit and vegetables,
but this is unfortunately used more for choices of energy-dense and poor nutritional foods [39].
Cartoon characters on packaging do in fact have a great impact on children’s food choices [40].
The taste perceptions are determinant for children’s choices, and the packaging design influences
these assessments. Children identify the product name, prices, and images as being the most relevant
packaging characteristics for their choices [41]. The information that stimulates human sensations,
such as images and songs, is powerful in influencing consumers.

Sometimes, some information on the packaging may mislead consumers about the real properties of
the food chosen [42] or does not conveniently inform consumers about the nutritional characteristics [43].
This is particularly disturbing in some nutritional and health claims [44]. The messages on the packaging
must be clear [45] and appropriate for what the products really are [46].

In general, researchers seem to agree on the need for some control by legislation of the
information present on packaging [47], primarily that which promotes unhealthy food choices [48] in
children [49]. These concerns are transversal around the world, including, for example, studies carried
out in Brazil [50], Australia [51-53], United States (US) [54,55], since the 1970s [56], India [57,58],
Philippines [59], Malaysia [60], and Ireland [61]. In any case, the decisions related to regulation
towards preventing health issues should bear in mind the international commitments and consequent
constraints [62].

From another perspective, health standards are sometimes not uniform across organizations and
countries [63]. This may create additional difficulties for the producers and retailers who operate
in international markets. It could be important, for example, in the context of the World Trade
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Organization or the World Health Organization, to find transversal standards for the domains relative
to healthy food attributes.

3.3. Marketing Strategies

Food marketing is an important tool [64] to build and maintain markets through the creation of
ties of confidence and loyalty between the producers/sellers and the consumers. Food marketing is
dependent on several different dimensions, especially those related to the particularities of the sectors
associated with food goods and services; in this way, the marketing plans are no easy task [65].

In any circumstance, the marketing of food as an external factor which influences consumer
choices [66] is a powerful instrument that may be used to promote public campaigns, such as those
related to healthy eating [67] across the several points of food sale, including restaurant kids” menus [68]
and supermarkets [69]. However, for companies, the trade-off between health and profit is not easy to
solve and this is visible in many of the strategies adopted.

For example, supermarket checkout areas are especially strategic for marketing plans and deserve
special attention in terms of their impact upon human health [70]. From another perspective, the tie-in
offers in fast food menus for children could be restricted to healthy promotions [71]. The same concern
could be present when sport celebrities are associated with the marketing plans [72] for children
and parents [73] or in the criteria used to choose sport sponsors [74]. In turn, in the definition of
marketing approaches, the message for healthy food promotions should be clear, well designed,
and well oriented [75] to avoid misunderstandings [76], principally by children [77], as well as to
obtain the intended objectives [78].

The media is a determinant way to communicate with consumers [79], which calls for adjusted
advertising when it comes to promoting healthy consumption. However, often times, the consumers,
especially youths, are not prepared to deal with these aggressive forms of publicity [80] and are not
able to decide on the most important information [81], explicitly that which is related to nutritional
characteristics [82]. In fact, the youth and children who are more engaged with, for example,
social media are more vulnerable to being influenced into buying unhealthy food [83].

The marketing strategies designed by food operators are very persuasive, and this implies that
the consumers who are exposed to food marketing campaigns seem to be more prone to agreeing with
their strategies, including those for unhealthy food choices [84]. The television and internet seem to be
the most powerful ways to influence exposed consumers [85], specifically through neuromarketing
approaches which encourage children to favour taste when making food choices [86]. Television cooking
shows are particularly influential on the consumption patterns of children and the youth [87]. The same
happens on children’s websites [88] and social media [89]. The taste is, indeed, a decisive ingredient in
food marketing strategies [90] and, usually, food marketing uses contexts related to this attribute to
design its plans and influence customers.

Neuromarketing is an emergent technique that applies approaches to measure spontaneous
reactions [91], with relevant impacts on the consumers’ choices [92], especially on young people [93].
The songs, image sequence, and colour are tools usually considered to support neuromarketing
policies [94]. The evolution of these approaches allows for current expressions such as “musical flavour”
to be normal and accepted by the several stakeholders [95]. Usually, consumers are influenced in
their consumption without any perception of this factor. The stimuli for human senses have a strong
impact on the consumers’ perceptions, and these tools are used to intentionally encourage consumers
by marketing professionals in a subconscious way.

Magazines, as well as television and the internet, are powerful ways to advertise to consumers [96],
sometimes in a more persuasive way [97]. This is because, in some cases, the control approaches are
more focused on television and the internet, whilst the written forms of advertisement are forgotten
about although they do have similar tools to influence consumers.

The several strategies related to food marketing have an impact on dietary choices,
consumption preferences, and cultural values [98]. These changes in the pattern of consumption, as a
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consequence of food marketing, are particularly visible in countries that became more vulnerable to
external advertisements, due to political, social, or a conjuncture of changes. In any event, a familiar
environment and parents’ behaviour have a determinant impact on the several food choices [99].

An emerging area in the marketing of food is the guilt-free approach [100]; however, this a
multidisciplinary field where several disciplines are called upon to add their contributions. It is
important to find food marketing strategies that combine the profit aims of the companies with the
health of consumers [101].

3.4. Agriculture and Food Industry

The food industry is interlinked with the agricultural sector, making this sector and its marketing
strategy dependent on the options made by the farmers [102], specifically, in terms of farming practices
compatible with the environment and animal welfare [103], as well as with the safety of the products
themselves [104]. For example, organic farming products may have for the food markets a set of virtues
and advantages, relative to conventional agriculture, but may also bring about a set of barriers and
difficulties (because of the higher prices, for example) [105]. In any case, farming practices which are
compatible with the environment will be the future in many countries around the world, especially in
the European Union member-states. In fact, the several measures of the Common Agricultural Policy
(CAP), mainly since 1992, have gone in this very direction. Due to structural and environmental
problems, the CAP since 1992 has become more directed towards promoting sustainable development
in an integrated rural approach, where the agri-environmental (organic farming, integrated production,
etc.) measures have gained more relevance. The recent instruments created in the CAP framework,
such as Greening, are examples of an agricultural policy which is more concerned about the environment
within the European context [106,107].

Nonetheless, the food industry is an interesting way to bring about value added to agriculture,
because, in farms, due to their characteristics, marketing strategies have, in certain circumstances,
less importance in the market than other factors [108]. Agriculture as a sector of food commodities
has additional difficulties in order to be presented into the market in a differentiated way, and this
compromises marketing strategies.

The Protected Designation of Origin (PDO) products and the associated producers’ organizations
are examples that may support some market differentiation and provide more structured and effective
marketing strategies [109]. These PDO and the respective certification brands allow for the protection of
local and regional food attributes and are interesting tools to create marketing strategies common to the
respective stakeholders. Of course, the PDO brands are not the same as individual trademarks, but may
bring interesting contributions, primarily for smaller farmers, for example, with more budgetary
difficulties to implement strategies complementary to production techniques, to create value added in
the markets, and to increase their income.

The broad diversity of farms, in terms of size, characteristics, and organization, makes the
agricultural sector specific, with particular dynamics that influence the strategies adopted for food
marketing [110]. The different programmes and policies designed for the agricultural sector have
relevant impacts on the agriculture industry’s dynamics [111] and implicitly on the respective
markets [112]. This has been a concern for the several policymakers and policy design in the European
Union context bearing in mind these agricultural market characteristics, but it continues to require
some further adjustments for some local particularities.

Local markets appear, in general, as great opportunities for farmers who have achieved consumer
preference or loyalty, principally in terms of quality [113]. These local markets are relevant ways
to shorten the agricultural chain. In certain circumstances, consumers are willing to pay more for
local food [114]. Usually, the greater margin of value added in agricultural markets remains with the
intermediaries and the retailers. Local markets and short agri-food chains (farm events, farm tourism,
farm shops, etc.) may support farmers to maintain a large part of the total amount of value added
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generated in the markets. Nonetheless, the channels used in the markets depend, in some cases,
on their structural characteristics, mainly those linked with their experience in the sector [115].

In the agricultural food industry market, questions sometimes appear such as those related to
patriotism, where dimensions associated with food safety may contribute to adjusted marketing
strategies that provide support to overcome these aspects [116]. Consumers are concerned with the
health impacts of food consumption and, in this way, are sensitive to claims associated with food safety.

For an effective marketing plan in the agricultural sector, considering their specificities,
the associations and cooperatives are fundamental, when well managed and organised. However,
sometimes, the management structure of these organizations is not the best adjusted, and this has
consequences on the sector’s performance [117]. The associations and cooperatives are crucial for
technical support to the farmers and to concentrate the agricultural supply of the farmers who have
worse conditions and dimensions in terms of storing production. On the other hand, the output
concentration allows further capacity to negotiate contracts and prices with retailers.

The new technologies of information and communication may be useful tools to support marketing
strategies in farms, and some farmers are indeed willing to pay for electronic platforms [118].
Social media is one of the cheaper and easier ways to promote food products, and this may be used
without relevant difficulties by the several stakeholders. Some years ago, publicity and advertising
were expensive and restricted to the traditional means of communication, such as television, radio,
newspapers, and magazines.

3.5. Market Segments

Food markets are characterised by heterogeneous segments of consumers [119], involving a great
diversity of realities [120], some more sensitized to health statements and others more influenced by
nutritional information [121]. These contexts bring about interesting challenges for the marketing
professional and for researchers, due to the great number of brands that operate in these markets.
This diversity implies that food markets could be segmented considering food features, sales structure,
and consumer characteristics [122].

Insufficient nutritional information seems to be one of the main factors that, in some segments,
hinders the prevention of unhealthy food consumption [123]. This is particularly alarming in
countries with a lower income [124]. Children and low-income consumers are vulnerable segments
to persuasive and targeted marketing campaigns: children because of their lower skills to deal
with marketing strategies to sell more and low-income consumers because of their vulnerability to
lower-priced products.

As a result of these frameworks, the terms used to describe the nutritional dimensions, targeted at
specific segments, need proper regulation, since the personal perceptions of consumers concerning the
real definition of these expressions are not consensual [125] and this, therefore, opens up an element of
free will for the marketing designers/strategists.

In some segments, the perceptions about food safety are more important for consumer choices than
their socioeconomic characteristics [126]. In a similar pattern, consumers are, in some cases, prepared to
pay more for beneficial health claims than for nutritional claims [127]. Nonetheless, the consumer’s
choices of food with heath claims are, in general, interrelated with several factors, such as those related
with the socioeconomic domains [128]. Depending on the segments considered, the food choices
may be influenced by personality, health, sensory attributes, price, and convenience [129], as well as,
by environmental, ethnic, and cultural contexts [130].

More adjusted regulations may support the promotion of more healthy advertising to more
vulnerable segments [131]. However, there are areas that need to be worked on, across several
segments, concerning regulations, recommendations, and policies. Some of these dimensions that
deserve special attention are the accuracy [132] and the perception [133] of consumers relative to
these fields associated with healthier food. The main fields to be considered by regulations to
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promote a healthier choice by children are the usual persuasive techniques such as promotional offers,
nutrition and health claims, and appeals towards taste and fun [134].

Tourism is an important market segment that may bring significant contributions to food
marketing strategies, considering the several interrelationships between the associated sectors in these
interlinkages [135]. The relationships between food and tourism are well known and strong, and they
should be considered in joint strategies to promote the two sectors in an integrated way. Nonetheless,
the externalities that may be created in this common strategy could also spread positive effects to other
sectors (transport, support services, etc.).

3.6. Social Dimensions

The interlinkages between the social responsibility of firms and the market response to the
respective consumers are positive [136]; however, the traditional consumer determinants, such as the
price, continue to be relevant [137]. The strong impacts from the level of prices on consumer choices are
particularly problematic in lower-income countries and consumer segments [138]. Knowledge about
price relevance in consumer choice may be further considered so as to promote heathy strategies and
be complemented with nutritional education [139]. Adjusted educational campaigns are fundamental
for a healthier food choice [140] and lifestyles [141], mainly for young people [142] to obtain critical
skills [143] in making more informed decisions [144]. Educational campaigns to inform and create
skills in consumers to deal with the abundance in daily advertisements are crucial in preventing
health problems related to ill-informed consumption, mostly those related to obesity and diabetes.
Another question concerns lifestyles that need to be adjusted in order to be healthier and prevent
other diseases associated with an unbalanced diet. Cancers and cardiovascular diseases are examples
of civilizational diseases related to population lifestyles and social contexts. The media could better
support these healthier campaigns [145], considering its influence on adolescents [146], for example,
in terms of food choices [147].

On the other hand, it is important to increase the social conscientiousness of the companies which
support self-regulatory approaches. Public health policies may play an important role here to influence
companies to voluntarily improve their social responsibility concerning the negative implications
of marketing practices that promote the consumption of unhealthy foods [148]. Sugar and salt are
among the main nefarious ingredients in unhealthy products [149], having several impacts on society’s
dynamics, and they are sometimes presented on packaging along with other information in a misleading
way [150]. The design of adjusted healthy food policies needs multidisciplinary approaches [151]
that consider the several human dimensions [152], in which, of course, health professionals should
be included [153]. Scientific research may also bring about significant insight and support here [154].
Children’s health, changing industry practices, intervention from public institutions, and consumer
support are all consensual dimensions for the several stakeholders to promote healthier food production
and choice [155].

Social condition has a great impact on food choices [156]. Indeed, the social and economic contexts
have direct implications on the amount of income available to consume and on the level of prices
afforded. However, in some cases, retailers are not clearly informed about the impacts of the price
changes on their sales [157]. Food may also be used as an expression of social identity and a way to
make a difference from the mainstream [158].

In general, food choice patterns followed by consumers are similar to those considered in other
decisions of their lives [159]. In fact, consumers concerned with sustainability tend to consume foods
of a higher quality and are less vulnerable to promotional advertisements [160]. The consumption
patterns of these more sustainable consumers may be considered by, for example, policymakers
as benchmarks and practices to be spread over other social segments. It is important to know the
several dimensions related to food choices and consumption in order to promote more balanced
lifestyles. For example, Chinese teenagers are influenced, in their food choices, by personal, family,
peer, and retailer frameworks and the following features were highlighted as influencing their options:
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nutrition, safety, taste, image, price, convenience, and fun [161]. The social dimensions around
the world are very different, and any adjusted approach needs to consider and be aware of the
local particularities.

3.7. Brand and Branding

Brands and branding are fundamental instruments for an effective marketing plan in each step of
the food chain [162]. From production to retailers” markets, brands are crucial to create value added
and to differentiate products from their competition. Only with brands is it possible to carry out a
marketing strategy across all dimensions.

Commercial brands are more important for the brand-schematic consumers than for
brand-aschematic consumers. The brand-aschematic consumers, in wine markets, for example,
give greater importance to the Protected Designation of Origin label and the associated categories [163].
The wine market is a very complex context, due to its great number of individual and certified brands.
Markets with a great diversity of brands may confuse consumers when they want to make a choice.
In these cases, the main challenge is to have a brand that may be easily identified, amongst many
others, and be positioned in the mind of the customers. Consumers, in general, maintain two brands
by category in their minds, and the great task is to be included as one of these two brands. Here,
positioning approaches are crucial for an efficient branding [164].

Credence features are decisive for the marketing of food, and the brand itself is among these
characteristics jointly with organic foods, health, and ingredients [165]. The branding processes usually
create ties of confidence and loyalty with consumers to maintain the market and the respective
sales. These dimensions distinguish the concerns and objectives of sales technicians from marketing
professionals. In addition, the scientific literature highlights that consumer satisfaction is interrelated
with their behaviour and loyalty [166], showing that consumer loyalty is, indeed, a central dimension
in marketing strategies and that brands are crucial in creating ties of confidence [167]. However,
loyalty and satisfaction of consumers are, also, influenced by their lifestyle and personality [168].

Iconic and old brands, such as Coca-Cola, are examples of market drivers [169] and may bring
important contributions for strategic plans to lead consumers towards a more adjusted and healthy
consumption, principally among children and youths. On the other hand, the display of brand
characters has an important impact on consumer choice, and this deserves special attention from the
several stakeholders for healthier food consumption [170].

4. Discussion and Conclusions

The study presented here aimed to highlight the main contributions from the literature concerning
the dimensions related to the interrelationships between food marketing and consumer choice. For this
purpose, 147 documents from the Scopus database were considered in a search carried out on
16 October 2020 for the topics “food marketing” and “choices”. These documents were first analysed
through bibliographic characterisation and after surveyed by literature review.

The bibliographic data reveals that there are opportunities to explore regarding these topics,
considering the annual average number of documents published, the subject areas addressed, and the
countries of the authors’ affiliation. On the other hand, there is great relatedness between food
marketing and human obesity, especially in young people. In fact, the literature review highlighted
that there is a great concern from several stakeholders about the impact of marketing strategies on the
health of children and adolescents.

The literature review may be summarised in a SWOT (strengths, weaknesses, opportunities,
and threats) analysis approach, to better highlight the main insights, principally considering food
marketing and consumer choice when building the matrix (see Figure 6).
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Figure 6. SWOT (strengths, weaknesses, opportunities, and threats) analysis to summarise the

literature review.

Figure 6 shows that adjusted food image and name approaches, interrelated with the label,
packaging, and brand, are crucial for a successful marketing strategy [6]. However, these powerful
marketing instruments are often used by companies, through the media, to promote unhealthy food,
especially for children and adolescents [49]. In parallel, new technologies and social media offer new
and attractive opportunities for smaller operators, opening up new channels for them to communicate
with consumers [118]. Nonetheless, these smaller stakeholders may be those most affected by restrictive
policies to mitigate negative food marketing impacts on consumer health [47].

Traditionally, prices are amongst the most influential factors that condition consumption,
including food choices, and the economic theory confirms this influence. Nonetheless, there are
specific segments and new tendencies where quality, healthy attributes, and sustainability aspects are
emergent dimensions. The sociodemographic, cultural, and behavioural domains also play their part
in food consumption and preferences. This explains, in part, the emerging importance of neurosciences
in marketing plans. In the universe of food marketing and consumer choice, it is important to highlight
the relevance of the agricultural sector and its particularities, in the production of commodities,
which condition the definition of effective marketing plans for the entire sector.

In terms of practical implications, it seems to be consensual that food marketing strategies
have relevant implications on human health, and this framework deserves special attention from
several stakeholders, particularly in the design of more adjusted policies in a standard way across
countries, through World Trade Organization and World Health Organization negotiations. However,
these regulations should be designed in order to have the right desired effect and avoid worsening the
fragile context of smaller producers.

For future studies, it would be advisable to survey several stakeholders with regard to suggestions
for designing new and efficient policies and regulations, so as to obtain a more adjusted regulatory
framework and increase the operators’ compliance.
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Abstract: New lifestyles, higher incomes and better consumer awareness are increasing the demand
for a year-round supply of innovative food products. In past decades, important developments
have been achieved in areas related to food and the food industry. This review shows that factors
influencing performance in new product development (NPD) are dynamic and continuously guiding
project development. The data obtained by direct involvement of consumers can impact positively
successful product development and enhance the company’s financial performance. The study
of consumer behaviour and attitudes towards new foods encompasses multiple aspects, such as
preference, choice, desire to eat certain foods, buying intentions and frequency of consumption.
Additionally, both the consumers’ willingness to purchase and the willingness to pay a premium are
important in NPD, launching and success.

Keywords: buying intention; consumer acceptance; marketing innovation; price

1. Introduction

Today’s manufacturing companies rely much on the success of new products, and this has become
critical for a healthy business performance, having in mind the present competitive and fast shifting
markets [1,2].

Developing appropriate strategies for achieving successful new product development (NPD) has
required increasing consideration. Attention has been given to exposing the drivers of successful
new product performance while at the same time highlighting the importance of measuring that
performance ensuring viable product life-cycle (PLC). Still, it has been observed that the majority
(50-75%) of consumer-packaged goods do not achieve desired levels of success, in general, and this is
also a reality in the case of the food industry, for which contributes some degree of food neophobia [1,2].

Presently, the food sector is considered one of the most important in the current global economy.
Nevertheless, food industry or food service companies still face many challenges in managing their
products and competing in the market. In fact, the food manufacturing industry has been recognized
as an area with high degrees of new product failure [1,3-5].

Products aim to fulfil certain needs, which are not constant because of differences among users,
constrains, usage scenarios and social values, among others. Hence, in order to meet these differences,
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manufacturers rely on variety as a way to target different needs and preferences (Figure 1). In this sense,
it is important to clarify some concepts: Variety or assortment is defined as a number or collection
of different items of a particular class of the same general kind, while variant is an instance of a
class that exhibits usually slight differences from the common type. Product variety is beneficial in
a way that offers potential to expand markets, with economic benefits by increasing sales” volume
and revenues. This market expansion can have two dimensions: on one hand, to reach entirely
new customer segments, while on the other, being able to sell to existing customer segments more
customized products repositioned as premium options. Nevertheless, this positive result is not
automatic, and therefore, it must be evaluated. Variety is not necessarily always good, and more
product variants may not be the best for customers when making purchase choices. It has been shown
that when consumers have to choose among items in a wide assortment, frequently, they become too
confused and cannot really perceive the differences between product variants and product quality.
Besides, offering additional products with improved characteristics can bring increased costs from
product design to production, inventory, marketing and service. Therefore, a deep evaluation must be
done before making decisions about diversification of the present offer [6-8].

Time and
opportunity for

Techyfological
cofistraints

Product
acceptance e and

Figure 1. Industrial food development strategy (author’s own work).

Historically, three main research perspectives in new food product development can be pointed
out: (1) a technological perspective, according to which technological progress was the main driver
of research and innovation in early times. Examples include technologies such as freezing or
pasteurization or more recently extrusion, all technologies that were quite innovative in their own
time. (2) A market-oriented perspective, according to which, back in the mid-60s, the establishment of
marketing and appearance of supermarkets allied to new packaging and increased competition led
to innovations in manufacture and marketing of distinguishable foods. (3) A consumer-led product
development, which has more recently attracted attention to increase new products’ success [1,9].

These approaches appear relatively independent, with technological aspects and product
performance traditionally studied by food scientists and consumer researchers, whereas marketing
and promotion of new food products would be in the field of economics, management and marketing.
Nevertheless, at present, it is demonstrated that there is a need to integrate marketing, consumer
research, food design and food technology to improve new food product performance [1,9]. Attempts
have been made to establish an integrated approach to food product development, combining the
different subjects that altogether contribute for the positive appreciation of the product by the final
consumers (ex., technology, design, marketing, product benefits, consumer research). These go way
back to the early stages of development until the final launch of the product in the market and
evaluation [1,9].
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The factors influencing NPD performance are dynamic and continuously influence the project of
development, so that changes in those factors must be somewhat anticipated and measured multiple
times throughout a product’s life [1]. For a new product to be entirely successful, it must achieve
excellence in three different areas: (a) reduced NPD cycle time, (b) high level of innovation and (c) reuse
of company knowledge resources. To be successful in these three complementary areas, companies
must pay attention to the factors that drive innovation: people, knowledge and systems. Product
Lifecycle Management (PLM) focuses on the later (systems) and can constitute a key role for innovation
and success [3,9].

2. Objective and Methodology

The objective of this review was to explore some aspects related to the role of consumer in
the development of new foods, the factors that determine consumers’ acceptance, the innovation
in traditional products, the increasing market of novel healthy foods and willingness-to-pay for
innovations in food product development.

The methodology that was followed in the elaboration of this review included on a first step the
selection of the topics to be addressed. For this, the specific needs of industrials and developers were
taken in consideration in view of the difficulty to find information gathered about these specific issues,
thus giving place to the structure of this review:

e  The role of consumer;
New foods acceptance;
Innovation in traditional foods;

The market of innovative functional foods;

Willingness to pay for innovation in new product development.

Industrials and developers want to make sure that their investment in new products will pay
off by revenues in sales but will depend naturally on consumer acceptance. In the second step,
after establishing the studied subjects, a search was conducted on the following scientific databases:
science direct, B-on, SciELO, Science Citation Index and Mendeley. For each of the topics addressed,
i.e., for each of the sections in this review, appropriate keywords were used to search for relevant
works. Although this was not a systematic review, some inclusion criteria were established for each
of the read articles based on the relevance for the particular aspects focused in our review and the
publication date as recent as possible.

3. The Role of Consumer

To assess the ideal fitting of the new product with the needs of the target consumers, there are
different methods available for the food industries to rely on, such as collecting data about consumers’
needs and preferences [10,11]. A more traditional strategy includes a wide variety of tests designed to
gather information about consumers’ response to new ideas and concepts of possible food products
as well as concrete developed products. These allow a more directly assessment of the level of
acceptance by consumers regarding those new products, so important for successful launch [11].
Other types of approach make use of indirect data, which can also be used to determine the optimal
degree of fit of the new product with the expectation of consumers (Figure 2). Examples of these
include data on current food trends or aggregated data on environmental factors that affect consumers’
needs and preferences, such as demographics, economical aspects, social and cultural factors or
technological developments [11,12]. While the first, focusing on consumer involvement data collection
and corresponding methodologies, have been more studied, the second group, namely study of
consumer trends and socio-environmental factors, have been less analysed [10]. Ultimately, data
obtained through direct involvement of consumers in NPD, like for example a consumer co-creation,
constitute a rich source of product ideas and can have a positive impact on the successful product
development and consequently improve the company’s financial performance [13,14]. Nevertheless,
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food firms that use food trend and socio-environmental data, which point to future changes in
consumers’ needs and preferences, can more effectively develop products with longer PLC and in that
way make their NPD more profitable [11,15].

~_Data on consumer needs and preferences
; Available databases ]

Questionnaire survey
Market study

UATA:
Consumerﬂ k New Food
Product testing

Sensory analysis
Consumer survey for newideas

Involvement of consumers

Figure 2. Fitting of the new food product with target consumers (author’s own work).

Many studies have focused on consumer involvement data obtained and used only up to the
launch of the new products. However, consumers’ needs and tastes change over time. Hence, the fitting
of the new product with the consumer is dynamic and sometimes obliges food industries to redesign
and reformulate their products, even after they had already been launched to be marketed. Even in this
case, a successful redesign or reformulation must be based on knowledge regarding what consumers
like, or dislike, about the existing product. Hence, it is also important to understand whether food
firms obtain and employ consumer data and analyse the fitness of the new product after its launch and
also during the PLC [11].

4. New Foods Acceptance

The study of consumer food behaviour has been based on two types of variables, i.e., some related
with behavioural aspects and others linked to attitudes. While the first include measures like preference,
choice, purchase or consumption, the attitudes include affective measures of the desire to select or eat
foods, purchase intent or desired frequency of consumption [16,17].

Research and development (R&D) activities in the food sector should be supported by a program
of research on sensory analysis and consumer acceptance of foods, and that should be well established
in the company for quite some time. The NPD is supported by intrinsic as well as extrinsic factors that
impact consumer acceptance, regardless of being towards conventional or novel foods. These include
the role of sensorial perceptions, cognitive evaluations and situational variables [18,19].

Although the measurements of food preference and acceptance attained through attitudinal
judgments can become poor predictors of consumption, owing to their degree of motivational
willingness, still these types of measures continue to be used to predict consumer behaviours toward
new foods, regardless of being at industrial or academic levels. This is mostly due to the easiness in
assessing these measurements, in a rapid and relatively simple way, with a controlled participation
of the subjects. Although with an affective nature, these evaluations in response to a tasted food
have become fundamental for studying consumer behaviour towards new foods and therefore are
used to orient new product development or product improvement while ensuring quality in the food
industry [16].
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At present, innovation practices in the food industry rely very strongly on the voice of the
consumer, recognized as vital for success. Hence, strategies to develop a successful new product
include an appropriate sensory evaluation allied to an understanding of the consumers’ acceptance
criteria, which should be as detailed as possible [20]. When food scientists design tests intended to
truthfully predict consumer behaviour at the point of purchase, they must not forget to include a
proper number of variables related to marketing in their experimental design specifications, in order to
guarantee that the right consumers will respond suitably to the new products [21,22]. However, for the
assessment of a correct prediction of consumer behaviour, a high number of assessors is needed to
evaluate food preferences regarding a specific product, which could represent a constraint.

The role of the sensory analysis for success when launching a new food product is complemented
with defining the target consumers. In truth, for success on the market, it is crucial to direct, eventually,
the product to the right people, leading to target segmentation. Hence, food products should be
market oriented according to consumers’ needs and expectations. To target a market segment, different
criteria can be adopted (Figure 3): geographic variations; demographic characteristics (like sex or
age); psychographic factors (including healthy or sportive lifestyles) or, lastly, behavioural criteria,
like consumer’s habits and types of purchase [23].

Geographic

Demographic ' . Behavioural

Market
segmentation

Figure 3. Marketing segmentation (author’s own work).

When it comes to innovation, the food sector faces higher challenges when compared to other
business areas, because people are more protective towards what they eat since, contrarily to other
products, foods will enter their bodies and go all the way through the gastrointestinal tract, ending up
absorbing many of their components. The concept of food neophobia, which consists in the fear of
new foods, shows how this can be problematic. Although this phenomenon has been reported to have
particular incidence in children, the truth is that there are people whose food neophobia persists into
adulthood and truly determines their decisions when it comes to choosing between new unknown or
old fully recognizable foods [17].

Consumer research and marketing dedicate attention to those segments of market interested in
new products, and at the same time, the neophobic consumers shall not be neglected during the new
product development process and marketing studies, because, depending on the specific product,
they may represent an important share of the target market [24,25]. Some areas in which this is of
particular importance include for example irradiation technology or gene mutation biotechnology,
much owing to the fear of risks that these may bring for health [26-29].

The assessment of consumers’ perceptions towards foods is of vital importance in the development
and marketing of new foods [30]. Therefore, understanding how consumers respond to tests helps develop
effective food marketing and communication strategies. Although communication and information
do not really change the characteristics of the products, they can shape the attitudes of consumers and
influence their choices and behaviours [31].
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5. Innovation in Traditional Foods

Traditional food products (TFP) have been playing an important role in European culture, heritage
and identity. The growth of this segment in the European food market has been providing a higher
variety of food choices for consumers [32]. Moreover, traditional food may be viewed as an opportunity
to rethink rural development and sustainability patterns in many countries and to add value to the
market [33,34]. There are different definitions of traditional foods in the literature that intend to
capture the various dimensions of this food concept [35-39]. Different conceptions to define traditional
food contribute to explaining consumers’ motivations to purchase traditional foods but may also
cause low consumer awareness of TFPs [40]. From the general definitions, it follows that TFPs are
characterized by historical, geographical and sociological dimensions. One possible definition of
“traditional” related to foods was given by the European Commission as “traditional means proven
usage in the community market for a time period showing transmission between generations; this time
period should be the one generally ascribed as one human generation, at least 25 years” [41]. In 2007,
the EuroFIR FP6 Network of Excellence developed an elaborative definition, which includes statements
about traditional ingredients, traditional type of production and/or processing and composition [42,43].
Guerrero et al. [32] introduced in 2009 the perspective of consumers’ point of view in traditional
food product definition based on a study across six European countries that analysed the data using
an ordinary semantic and textual statistical on four main dimensions (habit and natural, origin and
locality, processing and elaboration and sensory properties). A traditional food product, from the
consumers’ perspective, was defined as “a product frequently consumed or associated with specific
celebrations and/or seasons, normally transmitted from one generation to another, made accurately
in a specific way according to the gastronomic heritage, with little or no processing/manipulation,
distinguished and known because of its sensory properties and associated with a certain local area,
region or country”. Later, in 2010, Guerrero et al. [44] added the dimensions of health, heritage and
variety to the definition of traditional foods. Furthermore, the study also notes that Central and Nordic
regions tend to associate the term “traditional” primarily with practical issues such as usefulness,
convenience and health whereas Southern regions tend to focus on broader concepts such as culture,
heritage or history.

Although there are different definitions of TFP available in the literature, the concepts related
to these food products are regulated by a European regulatory framework established in 1992 and
updated in 2012 [45]. Furthermore, as part of its policy on food safety and quality and to boost
competitiveness and profitability, the European Union (EU) has promoted a set of criteria for the
registration and recognition of TFPs, namely, PDO (Protected Designation of Origin), PGI (Protected
Geographical Indication) and TSG (Traditional Speciality Guaranteed), produced under predefined
quality standards (Table 1).

Table 1. European Union labels for protected traditional products [46].

Protection Scheme Symbol Products Specifications Label

Every part of the production,
processing and preparation

process must take place in the Mandatory for food
Protected designation Food, agricultural specific region. and agricultural
of origin (PDO) products and wines. For wines, the grapes have to products.
come exclusively from the Optional for wine.
geographical area where the wine
is made.

For most products, at least one of
the stages of production,
processing or preparation takes

. . Mandatory for food
Protected . place in the region. :
. Food, agricultural . . and agricultural
geographical roducts and wines In the case of wine, this means roducts
indication (PGI) P ’ that at least 85% of the grapes p X

. tional for wine.
used have to come exclusively Op wi

from the geographical area where
the wine is actually made.
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Table 1. Cont.

Protection Scheme Products Specifications Label
Geographical For most products, at least one of
indication of spirit Spirit drinks and the stages of dlStlllath?’\ or Optional for all
. - X preparation takes place in the )
drinks and aromatised wines. . products.
aromatised wines (GT) region. However, raw products do
not need to come from the region.
It highlights the traditional
Traditional speciality Food and agricultural aspe:(:;z:tc i f\;l(‘li ‘(;\;ai}zsthe Mandatory for all
guaranteed (TSG) products. P products.

composition, without being linked
to a specific geographical area.

Despite the controversial concept of innovation in the context of traditional foods, innovation can
become an important tool to maintain and expand the market share of TFP through the improvement
in convenience, safety or healthy products. Innovations in the traditional food sector have also the
potential to strengthen and augment the market for traditional food products in accordance with the
emerging difficulties, such as poor imitations and changing preferences and eating patterns towards
more processed and convenience foods [43,47]. Other challenges such as the effective communication
in the labels, legal protection of collective brands and quality assurance can contribute for the growth
of traditional food market [35]. In fact, some TFPs in the EU are protected with designation quality
schemes to protect producers and consumers from copycat goods. However, due to the low awareness
of consumers and producers about the labels and poor understanding of the differences between
them, these labels have little impact on the consumption of these traditional products. In this market,
privately owned brand names are often more important quality signals to consumers than designation
labels [48,49].

Innovations in traditional food are mainly introduced in the product characteristics or in packaging,
which preserve the sensory quality and improve the shelf life (e.g., resealable packaging), but also in
size, form and composition or in new ways of using the product but preserving the sensory quality.
Given the impact of process on the authentic identity of the product, the innovation in production
processes is less common and mainly refers to new technical solutions to improve quality assurance
and traceability along the chain network. The organisational and market innovation can be valuable,
but it is not yet recognized by all chain members of the traditional food sector and is limited to joint
product development and formation of research organisations or networks [50].

For the successful introduction of innovations in traditional food products, it is also important to
have a good understanding of consumers’ perceptions and attitudes towards traditional food products
and of consumers’ needs and preferences when applying even small innovations to the traditional
food products [51,52]. In this sense, consumers’ acceptance and improvements of traditional foods
are related with product quality, innovations oriented to safer and healthier products that do not
compromise their sensory properties, labels with the guarantee of origin and more product variety
and convenience-oriented innovations [50]. Innovation in the traditional food sector also aims to
further guarantee quality by introducing full traceability along the chain, reinforcing the message of
authenticity [36]. The integration of chain partners in the innovation increases the ability to innovate
while at the same time diminishes the risks involved in their implementation [53,54].

Globally, any innovation related with TFPs has to be evaluated taking into account the specifications
of the product, whose market success largely depends on how consumers perceive the innovation [55].

6. The Market of Innovative Functional Foods

Both functional foods and nutraceuticals are food products that bear some additional health
benefits beyond just nutrition. Food innovation is, among other factors, also driven by the aim to
improve health or prevent disease (the scope of functional foods) or even contribute to prevent or treat
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certain disorders or diseases (the ambit of nutraceuticals). Although without globally accepted or
legally established definitions, functional foods are recognized as providing additional benefits besides
the most general functions of satisfying hunger or desire to eat and of nutrient intake [56,57].

Although there are some food categories in which more intensive development of functional foods
has been made, there has been functional food development in all food categories (foods and beverages
of different nature), by fortification, modification of characteristics, etc. To cite some categories in
which a higher diversity and number of functional foods have been developed, one could mention the
dairy sector, confectionery, soft-drinks, bakery and baby-foods [58]. Table 2 presents some relevant
literature to expand the knowledge about innovations in some selected domains of functional foods.

Table 2. Some relevant literature focusing on innovations in the domain of functional foods.

Category Product Scope Reference
Fermented Scientific evidence about consumption of fermented dairy products and their 59]
dairy products  health benefits :
Yogurt Development of functional yogurts enriched with antioxidants extracted [60]

from wine
Adding apple pomace as a functional ingredient to yogurt and yogurt drinks has
Yogurt the potential to increase the level of dietary fibre and phytochemicals, enhancing [61]
their health effects
. The effect of ohmic heating on probiotic metabolism and the application of this
Dairy Dairy products technology for the development of functional products [62]
Dairy products Goat milk as a raw material for the production of functional dairy products due [63]
yP to the presence of functional prebiotics and probiotic bacteria
Enrichment of yogurts in conjugated linolenic acid by the utilization of )
Yogurt ) . [64]
pomegranate and jacaranda seeds as functional components
Development of yogurt formulations containing strawberries and chia seeds as
Yogurt h [65]
health enhancing components
Study the feasibility for production of a functional fermented dairy-based
Fermented A ; . . .
. product rich in menaquinone-7 by using iron oxide hydroxide (FeOOH) [66]
dairy product .
nanoparticles
E;Z;lilsts and Use of an olive oil by-product as a functional ingredient in bakery products [67]
Bakery The use of by-products from the food industry as functional ingredients added in [68]
products bakery products
. Bakery The use of functional ingredients in bakery products originating from [69]
Confectionary  products marine foods
and bakery . - - N N -
Bakery The application of fibre concentrate from mango fruit as a functional ingredient [70]
products with antioxidant activity in bakery products
‘Sll'zca‘éilsts and Fortification of breads and biscuits with millet, oilseeds and herbs [71]
Bread Fortification of bread with wheat bran protein concentrate [72]
Bread Development of high-fibre wheat bread using microfluidized corn bran [73]
gi\e;?t—based Impact of the EU regulatory framework on innovation in the industry and [74]
alter);\atives consumers of vegetable drinks alternative to dairy products
. Fermented fruit ~ Use of coconut water and inulin as a source of soluble fibre for the development
Soft drinks . A . N [75]
drink of a symbiotic fermented functional drink
Fruit drink The development of a functional non-alcoholic drink based on prekese fruits [76]
Fruit drink Development of a functional beverage by microencapsulation of lyophilised wild 7]

pomegranate flavedo phenolics

From a product point of view, functional foods can be classified into [78,79]:

e  Food fortified with additional nutrients (labelled fortified products)—example: fruitjuices fortified
with vitamins or dietary minerals;

e Food with additional new nutrients or components not usually present in a particular food
(labelled enriched products)—example: probiotics or prebiotics;
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e  Food from which a harmful component has been removed, reduced or replaced by another with
beneficial effects (labelled altered products)—example: use of fibres as fat releasers in high fat
content foods;

e Food in which one of the components has been naturally enhanced (labelled enhanced
commodities)—example: eggs with increased omega-3 content.

From the functional point of view, i.e., having in mind the objectives of the functional foods,
another classification is used [80]:

e  Functional foods that add benefits to life or improve children’s life—example: prebiotics
and probiotics;

e  Functional foods that reduce an existing health risk problem—example: foods that decrease high
cholesterol or high blood pressure;

e  Functional foods which make life easier—example: lactose-free or gluten-free products, for people
with food allergies or intolerances.

The development of novel functional foods and nutraceuticals has been increasing largely
because, on one hand, the market is demanding these products, and on the other hand, the chemistry
and biochemistry of natural products as well as food technology and biotechnology have allowed
important advancements. Moreover, countless studies undertaken to confirm the health claims of
this type of product or their bioactive components have contributed for a great development of this
market [57,81-86].

In Europe, claims of health benefits for marketing of food products are subject to Regulation
(EC) No 1924/2006: Nutrition and Health Claims Made on Foods [87], which determines that any
health benefits of foods announced must be scientifically proven. This regulation intends to protect
consumers from deceptive or false benefits, as well as to harmonise the markets within the countries of
the European Union (EU). Additionally, this regulation also aims to stimulate reliable food innovation
and development. The Regulation 1924/2006 defines a health claim as any voluntary statement that
refers to the relationship between food and health and establishes three classes of health claims:
(1) general function claims, which can be based on generally accepted (Art. 13.1) or newly developed
scientific evidence (Art. 13.5), (2) reduction of disease risk claims (Art. 14.1a) and (3) claims referring
to children’s development and health (Art. 14.1b) [56,87].

Complementary health approaches include natural products and mind and body practices,
as recognized by the National Centre for Complementary and Integrative Health of the USA [88].
Natural products are also considered as dietary supplements, complementary medicines, alternative
medicines or traditional medicines, and are recognized by the World Health Organization as playing
an important role in health promotion all over the world [89,90]. In the United States of America
(USA), The Dietary Supplement Health and Education Act (DSHEA) system was introduced in 1994 to
regulate supplements with health benefits [91].

In Japan, a country with a long history of utilization of foods with health benefits and the place of
birth of functional foods, a functional food regulation called “foods for specified health uses” (FOSHU)
was introduced in 1991. After its introduction, countless clinically proven FOSHU products with
health benefits have been developed and launched in the market. Most of these products claim to be
beneficial for the gastro-intestinal health, by using probiotics, prebiotics and synbiotics. Other targeted
health functions with claims include lowering triglycerides level, blood pressure, LDL (low-density
lipoprotein)-cholesterol and blood glucose. After 2007, in Japan, the market for FOSHU products
was nearly saturated. Nevertheless, a new functional regulatory system called “Foods with Function
Claims” (or New Functional Foods) was introduced in 2015, and allowed the development of many
New Functional Foods due to two main reasons: higher flexibility regarding health claims as compared
to FOSHU and no need for governmental approval [92,93].

Because nowadays the boundaries between the food and pharmaceutical industries are somewhat
blurred, the perceptions of the consumers towards these health-related borderline products need
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to be investigated. The success of these products is influenced by consumers’ perception of their
safety, efficacy, appearance and the placement of the product into one of those categories: food or
pharmaceutical. In a survey conducted by Khedkar et al. [94] in Germany, it was found that consumers,
and particularly young and highly educated women, were not convinced of the health effects of these
borderline products with alleged health benefits. Although they perceived these products as GRAS
(Generally Recognized as Safe), they did not consider their consumption as an easy way to stay healthy.

The attractiveness of functional foods and intention to try and eventually purchase such foods
vary according to the type of product. Foods that are perceived by the consumer as healthier are judged
more positively, and therefore, consumer acceptance is higher. It is important to evaluate the general
principles that influence consumer responses to the health-related aspects of functional foods, including
the claims, much beyond the product’s characteristics alone. One of the first aspects to consider is
how believable the claims are to the consumer, since in principle, consumers frequently show some
scepticism towards health or nutritional claims like those found on food labels. The construct of
believability is not necessarily a strong cause for purchase intent. Still, it is supposed to interact with a
number of other variables. While for some foods, the purchase intention has been influenced by low
levels of scepticism towards the information provided on the product label, this is not entirely true
for other foods, for which purchase intentions persist high even if the product is not fully perceived
to entirely fulfil the advertised claims. Some causes that may explain this include the consumers’
familiarity with the claim and/or associated ingredients, the way in which the claim is phrased and
framed, and finally the familiarity with the product itself and the extent to which the claim is consistent
with the nature of the product. Another factor that influences the consumer acceptance and behaviour
is the source of the claim, i.e., whether the information refers to a claim that was approved by some
regulatory authority or if it is a hedonic claim made by the product manufacturer. While in many
countries or regions there are strict regulations about this matter, in some others it is admissible by
manufacturers to make the claims without supporting scientific evidence [95-98].

Other factors are related with the consumers” intentions to try or purchase new foods, functional
foods included, such as age, gender, education level, nutrition knowledge, dietary pattern, taste
preferences or marketing and advertising. The market segmentation according to these categories,
s0 as to consider the individual differences, has been used for long in food-related consumer research,
including also the market for functional foods [98-100].

Lifestyle corresponds to a social concept shared by a group of people with similar attitudes
towards certain variables and is strongly affected by their simultaneous needs for integration (sense of
belonging) and differentiation (sense of individuality). Lifestyles of people sharing a common culture
or social class and having similar professional activities are not necessarily equal. Hence, lifestyle
cannot be solely attributed to demographic parameters like gender, age, education, or income but can
also relate to integration or individual self-expression [98-100].

Consumers’ behaviours and attitudes concerning foods with health claims are also partially
influenced by their own general state of health or some particular diseases, as well as the perception of
how relevant the health claim might be. Additionally, the attributes that shape the perception
of a food being or not helpful for a certain health/disease condition differ between groups of
people [98,99,101,102].

Regarding the development of new functional foods aimed at specific markets, like older people,
there are important challenges to be considered. In this ambit, care must be devoted to the sensory
properties of the products, and the consumers have to be seen as particular because they show
inconstant behaviours, including many of the times negative attitudes towards innovative foods
or beverages [103,104]. Nevertheless, in general, it could be expected that older consumers would
eventually be open to new functional foods, because these are formulated in such a way that they
provide additional nutritional and health benefits, and older people tend to be more interested in
maintaining health and preventing chronic diseases, when they come to a certain age where those are
more probable to appear. Henceforth, to achieve success when developing new functional foods and
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beverages, the communication of the health benefits associated with the products must be effective to
the targeted consumers [103,105,106].

Alicia etal. [107] conducted a study to understand the factors that affect consumer choice regarding
foods that contain functional ingredients, by recurring to Multicriteria Decision Methods (MCDM)
that are valuable to help in the decision process when designing the products in the stage of product
development. The study was done with Venezuelan consumers of yoghurt, who rated with highest
utility value the yogurt containing pieces of fruit, with a firm texture, which regulates intestinal
function, low in fat, with sweetener (Splenda) and at an intermediate price [107].

Functional foods which increase satiety are frequently used to control appetite and help in weight
loss. In order to understand the consumers’ perceptions towards this type of products, Hunter el al. [99]
evaluated the influence of claims of appetite control in trustworthiness and purchasing intentions,
in a sample of Australian individuals trying to lose or maintain weight. Their results showed that
believability of product concept statements was highly variable, depending on the type of product.
Furthermore, it was shown that consumers actively trying to lose weight demonstrated higher purchase
intent as compared to consumers that were only trying to maintain their current weight, even though
these two types of consumers tended to have similar levels of trust in the product concept. Variables
such as age, gender or sceptical attitude towards functional foods were not found to greatly determine
the purchase intent or trust regarding these functional food products [99].

7. Willingness to Pay for Innovation in NPD

It has been observed that people around the world spend a considerable amount on natural
products, for example, as reported in Asia, Canada or Australia. In the USA, these natural products are
bought in the form of dietary supplements, a domain in which there has been an increase in expenditure,
with costs going from 9.6 billion dollars in 1994 to 41.1 billion dollars in 2016. Within the near future it
is expected that over 294 billion dollars are spent on dietary supplements by 2021 [89,108] (Figure 4).
The global market value for functional food products was estimated in 168 billion dollars in 2013
and can eventually nearly double in less than a decade, reaching 300 billion dollars by 2020 [109,110]
(Figure 5). In japan, the total market for functional foods (FOSHU and New Functional Foods) in 2018
was 8 billion dollars [93].
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Figure 4. Value of the market of dietary supplements in the US [89,108].
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Figure 5. Global market value of functional foods [109,110].

The market share for functional food products is growing due to their benefits for human health
and because consumers attribute increasing importance to food as part of a healthy lifestyle. Therefore,
functional foods are becoming a part of consumers’ regular diets. Notwithstanding the increasing
market, the rate of unsuccessful food products is high, and this trend is also observed for the market of
functional food products. A high number of the newly introduced products are removed from the
market soon after they are launched, and some of the possible reasons that could explain this include
an overreliance on technological innovations coupled to an erroneous judgment of consumers’ needs
and preferences [109-112].

According to different research findings, the willingness to purchase functional foods is influenced
by factors of very diverse nature, some associated with the consumer and others with characteristics of
the product, such as level of involvement of the consumer with the product, consumer lifestyle, sensory
attributes and other characteristics of the product, price, brand, country of origin of the product,
possible health claims announced on the packaging, the benefits of the product, among others [109].

In line with Ares et al. [113], consumers perceive functional foods as products belonging to a
certain category. Hence, apart from the health benefits and the sensory characteristics, non-sensory
factors like package may be determinant to shape consumers’ buying decisions. In this context,
the authors studied the influence of different package attributes on consumer willingness to purchase
chocolate milk desserts in two variations: the regular and an improved functional version. Their results,
obtained for consumers in Uruguay, showed that consumers’ level of involvement with the product
influenced their evaluation of it. Moreover, it was observed that the colour of the package and the
presence of a picture on the label were the factors considered most relevant by consumers, regardless
of their level of involvement with the product [113].

Romano etal. [114] investigated how Brazilian consumers perceive a non-traditional and innovative
pomegranate juice by identifying the role of packaging attributes relevant to the consumer’s intention
to purchase. In this study, five factors were considered: (1) the technology used in the juice production:
HPP (high hydrostatic pressure) is a non-thermal technology that preserves nutritional as well as
sensory properties of the products, (2) the antioxidant potential of the juice, (3) price, (4) preservatives,
(5) colourings. The obtained results showed that consumers valued information about the technology
used and also about the antioxidant properties, as drivers to define purchasing intentions [114].

Szakaly et al. [100] evaluated to what extent lifestyle and health behaviour influenced consumption
of functional foods in Hungary. The results obtained revealed that consumers make balanced
decisions, looking for promotional products and bargains in order to obtain good value for their
spent money. Furthermore, the authors were able to identify different segments of consumers: the
rational, the uninvolved, the conservative, the careless, and the adventurous. The rational consumers,
characterized by health consciousness and moderate price sensitivity, represent the most relevant
target group for the functional food market. Moreover, the adventurous food consumers stand out as
an equally important target group, because they are eager for novelty. The conservative consumers,
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characterized by positive health behaviour, also represent an interesting segment. In this way,
the authors concluded that lifestyle and health behaviour are importantly linked with the preference
for functional food products [100].

In a study with German consumers conducted by Goetzke and Spiller [115], it was observed that
consumers who purchase functional foods and those who consume organic foods share some features
regarding health and well-being. Nevertheless, they present some differentiating aspects, since the
purchase of organic or functional foods is driven by different lifestyles: while purchasing of organic
foods is associated to consumers with active lifestyles, the buying of functional foods is linked to
consumers with a more passive lifestyle [115].

Cukeljetal. [116] studied the attitudes of Croatian consumers towards innovative flaxseed-enriched
cookies, which can act as carriers for functional components like lignans and omega-3 fatty acids.
The consumers revealed a high level of interest in the functional cookies, especially the elderly women
with higher nutrition knowledge and consciousness [116].

Kraus [117] studied the factors influencing willingness to purchase functional foods in Poland
and found that these factors were information on the health benefits and nutritional properties of
the product, attributes related to taste, health and safety, practical packaging, freshness, purity and
naturalness. In relation to the health benefits, the prevention of health problems and the strengthening
of the body and improvement of its functions were identified as valued by consumers. With regards to
the functional components, consumers showed more interest in vitamins and minerals, dietary fibre
and omega-3 fatty acids. Finally, concerning the carriers, consumers preferred cereal products, dairy
products, meat products and mixtures of fruits and vegetables [117].

The market of functional foods also includes products specifically addressed to children. Hence,
Annunziata et al. [118] evaluated how the parents’ choices for suitable functional foods for their
children are shaped, using a sample of Italian participants. The results obtained indicated that parents
tend to show a strong interest in functional nutrition when choosing foods for their children, even when
they are not very well familiarized with these products. Moreover, the variables that influenced the
frequency of purchase were sociodemographic characteristics, parents’ nutritional knowledge, trust in
those products and familiarity with them [118].

Besides the consumers’ willingness to purchase, also the willingness to pay a premium is important
in new product development because it helps manufacturers to estimate the amount of profit they can
expect from selling their product. This is particularly important having in mind that, nowadays, food
manufacturers dedicate important budgets to R&D of new food products, as in the case of functional
foods. The willingness to pay has been investigated by applying mathematical/economic models,
particularly methods of experimental auction, but also contingent valuation method, choice experiment
or others [109,119].

Regarding the functional foods market, it has been reported that willingness to pay can be
influenced by variables such as health claims, demographic characteristics, trust in products, trust
in the technologies used for their production, previous knowledge about the product or functional
ingredient and degree of fitting between the carrier and the functional component [109].

Szakaly et al. [120] proposed a new model for the willingness of consumers in Hungary to pay for
functional foods, by modifying the Munene model. The results obtained with the modified model
suggested that consumers have more positive attitudes towards functional foods and consequently
are more willing to pay a premium for those products if they truly believe in their health benefits.
The highest influential variables identified were the attitudes towards functional foods, followed by
beliefs about the attributes of functional foods, and then by the demographic characteristics of the
consumers [120].

Consumers tend to increasingly appreciate novel functional foods because they recognize their
role in preventing or reducing the risks of some pathologies and particularly chronic diseases as
well as improving other physiological functions, helping to achieve a better global health status.
The willingness to pay for two types of functional yogurts, enriched with probiotics and with catechin,

39



Foods 2020, 9, 1317

was measured by Moro et al. [119] for a sample of Italian consumers using the panel data version of a
Random Parameters Logit model. The results obtained indicated that the participants were willing
to pay a considerably higher premium for the catechin-enriched yogurt, almost double than that
of the probiotic version. Furthermore, the results indicated that the willingness to pay for catechin
enrichment was associated with grouping variables such as age, income, health status, lifestyle and
education [119]. The work by Vecchio et al. [121] investigated also for Italian consumers the willingness
to pay for three types of yogurt (conventional, organic and functional) considering two levels of
information provided: basic (participants were presented yogurts labelled conventional, organic or
functional) and advanced (participants were given additional information). The experiment was
carried out using the Vickrey fifth-price sealed-bid mechanism. The findings indicated that providing
additional information by, for example, a specific health claim increased consumer’s willingness to pay
a premium for the functional yogurt, but a similar relation was nor observed for the organic yogurt,
for which additional information on organic regulation did not add much perceived value to the extra
expenditure. Moreover, it was observed that specific socio-demographic variables like gender, age,
presence of children in the household and the need to follow a specific diet influence the willingness to
pay for both functional and organic yogurts [121].

Romano et al. [122] used the contingent valuation method to estimate Brazilian consumer’s
willingness to pay a premium for an innovative added-value pomegranate juice. The average
consumer’s willingness to pay more for pomegranate juice was estimated, and the income elasticity
coefficient was also calculated, so that a 10% increase in consumer income might be expected to induce
a raise of about 2% in the willingness to pay the premium for the innovative pomegranate juice [122].

Roosen et al. [123] analysed how consumers trust in a new food technology, in this specific case
nanotechnology. Many different concepts for trust can be found in the scientific literature, but from
the economic point of view, trust can cause lower efforts towards self-protecting behaviour. Studies
conducted with participants from Canada and Germany confirm that a higher level of trust in novel
food products’ characteristics (orange juice) increases the willingness to pay for them, and this is also
the case when new information about the technology is provided [123].

The effect of information on consumers’ preferences and willingness to pay for a functional food
product (red ginseng concentrate) in Asia were investigated by Ahn et al. [124]. The results suggested
that objective information can lead to discrepant changes in consumers’ valuation of different product
attributes and increase willingness to pay for the functional product [124].

Pappalardo and Lusk [125] conducted a study that, based on food values and willingness to
pay measures, aims to identify consumers’ subjective beliefs about functional foods. The study was
performed with a sample of participants from Sicily (Italy), and the product evaluated was a new
functional snack prepared with white lupine and citrus fibre. The obtained results indicated that there
was a willingness to pay a premium for the product at test, and the extra value would depend both on
the functional components of the product and also on other characteristics that go beyond intrinsic
healthy properties. Moreover, the consumers” willingness to pay for functional foods was clearly
influenced by food values related to origin, safety, naturalness and price, among others. This means
that consumers present dissimilar subjective beliefs when it comes to functional or non-functional
foods [125].

Bruschi et al. [126] evaluated Russian consumers’ attitudes towards novel functional
bakery products (bread and biscuits) made with purple wheat, naturally rich in anthocyanins.
Because anthocyanins are a class of phenolic compounds with high antioxidant activity, they have
been reported to exhibit anti-inflammatory, anti-cancer, anti-diabetic and ocular-health-enhancing
properties. In this way, bakery products with high amounts of anthocyanins are considered functional
foods with benefits for human health. The results obtained indicated that, despite the low level of
knowledge about these bioactive compounds, when the participants were provided with information
about their health-enhancing properties, most of them actually ended up valuing these products as
compared with base products. Finally, the results also allowed verifying that the type of product
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matters (functional bread was better accepted as compared to biscuits) and the level of information
provided also matters (the willingness to pay a premium was higher when information was given
about the nature of the purple wheat being an old variety when compared to information about the
content in anthocyanins) [126].

The ingestion of functional foods represents a somewhat inexpensive and cost-effective way
to access nutritious foods that provide long-term advantages for the wellbeing of individuals and
households. However, this has different impacts whether talking about urban or rural areas, in which
people rely primarily, if not totally, on purchased food commodities or produced foods, respectively.
The use of fortified foods or diversified/modified diets involves consuming a variety of foods that
provide the diverse macro-nutrients, micro-nutrients and bioactive compounds beneficial for consumers.
Nevertheless, when it comes to low income consumers, it is important to evaluate if they are willing
to pay for these improved and nutritious foods, which are recommended as primary intervention to
reduce nutritional deficiencies, and especially micro-nutrients, in developing countries. The work by
Chege et al. [127] investigated this problematic and also how these consumers value these products,
i.e., if they are accepted as the traditional basic foods or if they are regarded as luxurious new food
products. For the study, they used as model a porridge flour. Their results indicated that low income
consumers in Kenya and Uganda are willing to pay an extra amount for the improved biofortified
porridge flour. Besides, it was observed that the willingness to pay was influenced by factors such as
providing nutrition information about the product, characteristics of household, economic status of the
household and presence of young children (6-59 months old) in the household [127,128].

The perception of TFPs by consumers is related to origin, locality, authenticity and gastronomic
heritage of regions or countries that frequently evoke memories of childhood. Furthermore, since
the TFPs are primarily appreciated by consumers for their natural nature and distinguishing sensory
characteristics, the innovation of these traditional products may be accepted if it preserves the
naturalness and the sensory profile of the product [39,129]. Still, other innovations that improve the
healthiness and nutritional profile of TFPs are accepted by consumers, as long as they reinforce the
traditional and authentic character of the product [130]. However, innovations in traditional foods seem
to be more readily accepted by those who frequently consume a particular product [52]. For example,
the study of Roselli et al. [55] that evaluated the willingness of consumers to accept an innovative extra
virgin olive oil (EVOO) obtained by ultrasound extraction revealed that the consumers who are more
keen to accept and purchase the product are those who perceived the product’s quality positively after
being informed about the pivotal properties of the new product.

Pieniak et al. [131] found that while familiarity and the natural content of food is positively
associated with consumption and general attitude toward traditional food, the convenience was
negatively related to attitude and consumption of TFPs. However, attitude towards and consumption
of TFPs was not correlated with the degree to which consumers valued sensory qualities and
price sensitivity.

Molndr et al. [129] conducted a study within the European Union (EU) project TRUEFOOD
(Integrated project in 6th Framework Programme; Contract no. FOOD-CT-2006-016264) to examine
traditional food chain goals while also exploring the link between those and the generic consumer
perceptions and choices in relation to traditional foods. In this study, the aspects identified as more
relevant and important to consumers were traditionalism and quality goals.

8. Final Remarks

The food sector is one of the most relevant ones in the present global economy. However,
companies related to food production, transformation and services still face many challenges, being
one of the most pertinent the high number of unsuccessful new products. Presently, innovation
practices in the food industry attribute vital importance to the voice of the consumer, recognized as
essential for success. The study of consumer behaviour and attitudes towards food includes measures
like preference, choice, purchase or consumption, desire to eat certain foods, buying intentions and
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frequency of consumption. Moreover, strategies to develop a successful new product include an
appropriate sensory evaluation allied to an understanding of the consumers’ acceptance criteria. Hence,
consumers can be viewed as pivotal agents to develop products with more value and able to fit market
needs after launch as well as during the PLC.

Regarding the new foods’ acceptance, the incorporation of intrinsic as well as extrinsic factors on
novel foods development, such as the sensorial perceptions and cognitive evaluations of consumers,
are vital. Moreover, the knowledge of consumer perception helps to develop effective food marketing
and communication strategies that influence their choices and behaviours.

Concerning the innovation in traditional foods, the producers still face the challenge to further
improve their convenience, safety and healthiness. However, to protect the integrity of traditional
products and to include the perceptions and behaviour of consumers, the innovation of TFPs should be
considered in terms of specificities and with the involvement of all links in the chain of the traditional
food. However, much of the development of new food products is destined to the market of functional
foods and nutraceuticals, which has been increasing hugely due to higher consumer demand for these
health enhancing products and because consumers are increasingly more informed. The appeal of
functional foods and the intention to try and eventually purchase such foods vary according to the
type of product and to how the consumer perceives their beneficial effects of their health claim.

Both the consumers’ willingness to purchase and the willingness to pay a premium are important
in new product development and help food manufacturers to estimate the amount of profit they
can expect by selling their products. This is so much more because nowadays food manufacturers
spend important budgets on R&D of new food products, as for example in functional foods. It has
been reported that the willingness to purchase functional foods is influenced by factors such as level
of involvement of the consumer with the product, consumer lifestyle, sensory attributes and other
characteristics of the product, price, brand, country of origin, possible health claims announced on the
packaging and the benefits of the product, among others. Moreover, the willingness to pay can be
influenced by variables such as health claims, demographic characteristics, trust in the products, trust
in the technologies used for their production, previous knowledge about the product or functional
ingredient and degree of fit between the carrier and the functional component. Concerning traditional
foods, the prerequisite for consumers’ willingness to purchase and pay a premium for innovation in
traditional food products is the preservation and the reinforcement of the traditional and authentic
character of the products.
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Abstract: Many aspects linked to personal characteristics, society and culture constitute some of
the motivators that drive food choice. The aim of this work was to determine in what extent the
eating behaviors of individuals are shaped by six different types of determinants, namely: health,
emotions, price and availability, society and culture, environment and politics, and marketing and
commercials. This is a descriptive cross-sectional study, involving a non-probabilistic sample of
11,960 participants from 16 countries. The objective of this work was to validate the questionnaire,
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so0 as to make it suitable for application in different contexts and different countries. For that, six scales
were considered for validation by confirmatory factor analysis with structural equation modelling.
The obtained results showed that the six individual scales evaluated presented good or very good
fitting indices, with saturation in goodness-of-fit index in all cases. The values of chi-square ratio were
6.921 (for health), 0.987 (environment), 0.610 (emotions) and 0.000 in the remaining cases (convenience,
society, marketing). Furthermore, the fit was perfect, with saturation for all indices, in three of the six
models (convenience, society and marketing). The results of this wok allowed the validation of the
six scales, and the assessing of different types of factors that can influence food choices and eating
behaviors, namely in the categories: health, emotions, price and availability, society and culture,
environment and politics, and marketing and commercials.

Keywords: eating determinants; healthy diet; emotions; feeding behavior; socio-cultural environment;
instrument validation

1. Introduction

Dietary patterns depend on everyday food choices, and include aspects like quantity, proportion,
variety and combinations or frequencies of consumption. Knowledge about food choices and which
factors may determine what people select to consume are important from the social, as well as the
health, point of view. The aspects linked to society and culture are some of the motivators that drive
food choice [1,2].

The food environment in western societies has been recognized as tending too much and too fast
to the unhealthy side of eating, being designated by some as “toxic” [3]. People are constantly exposed
to unhealthy food in supermarkets, food shops, restaurants (most especially fast food) or vending
machines. This constant appeal of unhealthy food is well known to contribute to unhealthy food choices,
which lead to epidemic burdens of obesity, diabetes, heart diseases and other chronic diseases [3-5].
In the opposite trend are the consumers who value their health and food as health-enhancing motors.
These individuals tend to make appropriate and careful food choices, opting for a more balanced diet
and favoring the consumption of functional foods. It is known that the market of functional foods and
nutraceuticals has experienced a very fast growing rate in the past few decades [5]. In this way, health
and disease can act as motivators to influence people’s food choices [3-8].

Emotions are fundamental in all aspects of life, and eating is not an exception. People tend to be
conditioned to some extent in their eating behaviors according to their emotional patterns, or even
to make variable food choices according to a momentary mood. Emotional eating corresponds to a
tendency to overeat as a response to negative emotions such as anxiety or irritability [9]. On the other
hand, sadness, loneliness or depression can impede many people from eating the foods necessary for
the correct functioning of their body [10]. Hence the role of emotions in determining food choices is
incredibly relevant [9,10].

Furthermore, economic factors have a very marked influence on eating habits, and in countries
with a low household income the differences are marked, as compared with the more industrialized,
more urbanized and more globalized societies, which undergo a nutritional transition. Besides income,
availability issues also contribute to shaping eating behaviors, most especially in today’s globalized
markets, with goods being traded between many different countries [1,11].

The role of consumption and consumer behavior is increasingly considered in the food supply
chain. Sustainable consumption or green consumer behavior corresponds to customers’ choices and
refusals to buy and consume products harmful to the environment, and as alternatives seek to purchase
products that have a minimal impact on the environment, or preferably, that are beneficial for the
global sustainability. Because sustainable consumption behaviors can significantly diminish the social
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and environmental impacts, more and more people are taking these aspects into account when making
their food choices [12-14].

The development of a valid and reliable instrument for assessing the factors taken into consideration
by consumers when making their food choices is not only a matter of purely academic interest, but it
also impacts many different aspects of society, namely health, economy, society, environment, just to
name a few. The use of a validated instrument allows for reliability in the data gathered, and guarantees
its applicability on a broader scale, particularly when that validation is carried out with data obtained
from different sources, like for example different countries [15-18].

Because the factors that may determine the eating behaviors of individuals can be of very
differentiated natures, and have variable degrees of influence on people’s food choices, this work
intended to test six different complementing scales for eating motivations, namely: health, emotions,
price and availability, society and culture, environment and politics, and marketing and commercials.
As such, the objective was to validate the questionnaire and its six scales, so as to make them suitable
for application in different contexts and different countries. The validation process followed was a
confirmatory factor analysis with structural equation modelling.

2. Materials and Methods

2.1. Questionnaire

The instrument used for this research was developed by Ferrao et al. [18] with the purpose
of addressing different groups of food motivations. The EATMOT project uses a questionnaire
that was developed to explore in what way some personal, psychological and social motivations
can influence food choices and eating practices. The questionnaire was prepared and previously
validated for a study carried out only in Portugal [18], and then it was translated into the
native languages of the 15 participating countries, following a back-translation methodology for
validation. For the translation process, all the issues related to the possible cultural influences in the
interpretation of the questions were verified. The questionnaire structure included different sections,
intended to collect information believed relevant for the study, specifically accounting for groups of
questions related to six different types of food motivations: Section 1—Health motivations, Section
2—Emotional motivations, Section 3—Economic and Availability motivations, Section 4—Social and
Cultural motivations, Section 5—Environmental and Political motivations, Section 6—Marketing and
Commercials motivations. All questions in these six sections of the questionnaire are presented in
detail in Appendix A.

The participants would express their level of agreement with each statement on the following
5 points hedonic scale: 1—strongly disagree, 2—disagree, 3—neither agree nor disagree, 4—agree
and 5—strongly agree. Because some of the questions were in the inverted mode (Q1.5, Q1.9, Q6.1,
and Q6.4), the corresponding scores were reversed. In this way, the higher the global scores, the
stronger the influence on the food choice and eating processes.

2.2. Data Collection

The questionnaire was applied to adult participants, over 18 years old, who answered it voluntarily,
anonymously, and after informed consent. All ethical procedures were strictly followed when designing
and applying the questionnaire, and it was ensured that the data provided was kept strictly confidential,
i.e.,, no individual responses could ever be associated with the respondent. The survey was approved
by the Ethical Committee of Polytechnic Institute of Viseu, with reference n° 04/2017, and follows
national and international protocols for research on humans. The sample was selected by convenience
and consisted of 11,960 individuals aged between 18 and 90 years, from which the majority were
female (71%). The participants were from 16 countries situated on three continents (Europe, America
and Africa), and were distributed as: Argentina (4%), Brazil (6%), Croatia (13%), Egypt (7%), Greece
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(4%), Hungary (4%), Italy (5%), Latvia (5%), Lithuania (4%), Netherlands (4%), Poland (5%), Portugal
(11%), Serbia (4%), Slovenia (9%), Romania (7%) and United States of America (7%).

2.3. Analysis of the Data

The reliability studies to evaluate the internal consistency were made by means of the Pearson’s
linear correlation coefficient (r) and the Cronbach’s alpha. The values of alpha reported by Maréco [19]
were used as references: > 0.9 excellent; 0.8-0.9 very good; 0.7-0.8 good; 0.6-0.7 medium; 0.5-0.6
reasonable; < 0.5 bad. However, the same author admits that in the social sciences the adoption of alpha
values above 0.5 is plausible. A good definition of the factor implies that items with correlations to the
overall score lower than 0.2 when it contains this particular item should not be considered [20-22].

For each scale, the factorial solution that emerged through confirmatory factorial analysis (CFA)
was tested using the AMOS 24 software (Analysis of Moment Structures). The covariance matrix and
the maximum likelihood estimation (MLE) algorithm for parameter estimation were considered [23].
The latent variables (exogenous and/or endogenous) are represented by larger circles and the indicators
(measures observed) by rectangles, while the errors are represented by small circles. The following
parameters were considered for evaluation: (i) factorial weights; (ii) variances and covariates of
the individual reliability of the indicators; (iii) variances and covariances of the factors; and (iv)
error correlations [24]. Model acceptance was decided according to: (i) the interpretability, (ii) the
modification indexes proposed by the AMOS, and (iii) the model adjustment indicators [24].

Regarding the interpretation of the parameters, the reference values considered were: correlation
between the factors (®)—the higher the coefficients, the better; regression coefficients (A\)—values
greater than 0.50; individual reliability of indicators (5)—coefficients equal to or greater than 0.25;
statistical significance—p-value lower than 0.05 [19].

For the indicators of the quality of adjustment of the model, the following reference values were
adopted [25,26]:

(a) Values used for absolute fit: Ratio of chi-square and degrees of freedom (3/df)—if (x%/df) is equal
to 1 the fit is perfect, for values lower than 2 it is good, for values lower than 5 it is acceptable
and for values greater than 5 is unacceptable. Root mean square residual (RMR)—the lower the
value of RMR the better is the fit, so RMR = 0 indicates a perfect fit. Standardized root mean
square residual (SRMR)—a value of zero indicates a perfect fit and values lower than 0.08 are
generally considered a good fit. Goodness of fit index (GFI)—values around 0.95 or higher are
recommended (with maximum value equal to 1), but values over 0.90 are considered a good fit.

(b) Values for relative fit: Comparative fit index (CFI), which is an additional comparative index of
the adjustment to the model—values lower than 0.90 indicate a poor fit, values between 0.90
and 0.95 indicate a good adjustment and above 0.95 a very good adjustment (maximum value of
1 corresponds to perfect fit). This index is independent of the sample size.

(c) Population discrepancy index: Root mean square error of approximation (RMSEA)—reference
values for the RMSEA, with a 90% confidence interval, between 0.05 and 0.08 mean the adjustment
is good, while it is considered very good when the index is lower than 0.05.

3. Results

3.1. Health Motivations

Structural Equation Modelling has been used by different researchers, such as Guiné et al. [17],
for the development of a scale to measure knowledge about dietary fiber, or by Sidali et al. [27],
to assess the acceptance of insect-based food coming from the Ecuadorian Amazon rainforest by
western students. SEM was also used by Lagerkvist et al. [28] to estimate a construct that could
explain consumer confidence in food safety practices along the food supply chain, and Lim et al. [29]
used SEM to assess the relationship between food safety knowledge, attitude and behavior among
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household food preparers. Ting et al. [30] used SEM to model tourists’ food consumption intentions at
their destination.

Table 1 shows the statistics (mean and standard deviation) and the correlations of each item with
the global value. Analyzing the average indices of the items and corresponding standard deviations,
it was found that they are well cantered, since all the items have observed average indices higher than
the central score.

Table 1. Statistics for the unidimensional model of the scale about health motivations.

Internal Consistency of Items (Original)

Item - r > o«
Mean Score Standard Deviation (Item-Total) r Without Item
Q1.1 3.66 1.043 0.407 0.216 0.681
Q1.2 3.21 1.073 0.264 0.127 0.705
Q1.3 3.59 0.930 0.469 0.302 0.672
Q14 3.74 0.931 0.489 0.408 0.669
Q1.5 2.89 1.125 0.221 0.280 0.713
Q1.6 3.38 1.017 0.509 0.359 0.663
Q1.7 3.25 1.065 0.338 0.263 0.692
Q1.8 3.95 0.949 0.507 0.412 0.666
Q1.9 2.92 1.154 0.236 0.286 0.712
Q1.10 3.24 1.147 0.329 0.176 0.695
Global Cronbach’s alpha = 0.709
Fitting Indices of CFA Model ! Initial 2 Final 3

x2/df 228.0 6.921

GFI 0.883 1.000

CFI 0.668 0.999

RMSEA 0.138 0.022

RMSR 0.109 0.005

SRMR 0.090 0.054

1 Xz/df = Ratio of chi-square and degrees of freedom; GFI = Goodness of fit index; CFI = Comparative fit index;
RMSEA = Root mean square error of approximation; RMSR = Root mean square residual; SRMR = Standardized
root mean square residual. > Without modification indices. > With modification indices and eliminated items.

Table 1 also shows that the item-total correlation coefficients (r) indicate that item Q1.5 is the
most problematic, with r = 0.221s and the maximum correlation is obtained in item Q1.6 (r = 0.509),
which accounts for about 36% of its variability. Regarding the values of Cronbach’s alpha, these are
classified as medium to good since they range from 0.663 in item Q1.6s to 0.713 in item Q1.5,
with a global alpha that is also good (« = 0.709). Confirmatory factorial analysis showed that the
coefficients of asymmetry and kurtosis presented normal values, oscillating for asymmetry in absolute
values between 0.146 and 0.735, and for kurtosis between 0.057 and 0.877, with a Mardia’s coefficient
of 0.283 for multivariate normality test. The critical ratios are significant, but from Figure 1a it can
be observed that items Q1.2, Q1.5 and Q1.9 have saturations lower than 0.40, which was the lower
limit considered as recommended by Mardco [26] for the original studies, and therefore they were
eliminated from the model. The same type of analysis led successively to the elimination of other
items that presented problems of multicollinearity, resulting in the final refined model represented in
Figure 1b. Table 1 also presents the global adjustment indices of the one-dimensional model for health
motivations. In the first model, all indices revealed poor or inadequate values, but after refinement the
indices presented very good values with saturated index for GFI.
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(a) (b)

Initial Final

Figure 1. (a) Initial and (b) final models for the health motivations’ scale.
3.2. Emotional Motivations

The statistics (mean and standard deviation) and the correlations of each item with the global value
are presented in the Table 2. An analysis of the average scores and standard deviations of the items
indicates that some items are in the threshold of the central position, which may turn out problematic
for the consistency of the scale, since the trend of responses is focused more on the neutral position.
The correlation coefficient’s (r) item-total shows that item Q2.2 (r = 0.108) should be excluded because it
is lower than the reference value (0.20). The maximum correlation is obtained for item Q2.8 (r = 0.669),
which explains about 59% of its variability. The values of Cronbach’s alpha can be classified as medium
to good, as they range from 0.689 in item Q2.8, to 0.774 in item Q2.2, with a value for the overall alpha
(a = 0.772) that is considered good. When the unifactorial model was submitted to confirmatory
factorial analysis, it was shown that the coefficients of skewness and kurtosis presented absolute
values corresponding to normality, ranging from 0.044 to 0.657 for skewness and between 0.241 and
1.158 for kurtosis, with a multivariate Mardia’s coefficient of 0.257. The critical ratios are significant,
which could lead to the maintenance of all items. However, as indicated in Figure 2a, items Q2.2,
Q2.3, Q2.4 and Q2.5 have factorial weights below 0.40, which is the lowest limit recommended by
Mardco [26] for original studies, and therefore they have been eliminated, thus giving the final model
illustrated in Figure 2b. This final model resulted from the elimination of the aforementioned items
plus the refinement through the modification indices proposed by AMOS. It can be observed that in
the final model all items have saturations greater than 0.50, and the goodness of fit indices for the
overall adjustment can be classified as very good according to Table 2, with GFI and CFI values of 1,
which corresponds to perfect fit, and a value of RMSEA of zero, also indicative of a perfect fit.
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Table 2. Statistics for the unidimensional model of the scale about emotional motivations.

Internal Consistency of Items (Original)

Item - r > o
Mean Score Standard Deviation (Item-Total) r Without Item
Q2.1 2.98 1.123 0.569 0.359 0.708
Q2.2 3.15 1.075 0.108 0.066 0.774
Q2.3 2.82 1.282 0.290 0.103 0.754
Q2.4 3.14 1.152 0.216 0.085 0.762
Q2.5 3.49 1.100 0.332 0.219 0.744
Q2.6 2.57 1.190 0.663 0.565 0.690
Q2.7 2.98 1.250 0.553 0.415 0.708
Q2.8 2.57 1.182 0.669 0.586 0.689
Q29 2.94 1.265 0.507 0.400 0.716
Global Cronbach’s alpha = 0.772
Fitting Indices of CFA Model ! Initial 2 Final 3
x2/df 105.0 0.610
GFI 0.951 1.000
CHFI 0.901 1.000
RMSEA 0.093 0.000
RMSR 0.078 0.003
SRMR 0.058 0.017

1 x?/df = Ratio of chi-square and degrees of freedom; GFI = Goodness of fit index; CFI = Comparative fit index;
RMSEA = Root mean square error of approximation; RMSR = Root mean square residual; SRMR = Standardized
root mean square residual. 2 Without modification indices. 3 With modification indices and eliminated items.

(a) (b)

Initial Final

Emotions

Figure 2. (a) Initial and (b) final models for the emotional motivations’ scale.
3.3. Economic and Availability Motivations

By analysis of the mean scores and standard deviations of the items in the scale for economic and
availability motivations (Table 3), it is pointed out that only item Q3.7 is below the central threshold,
being the most problematic item. Regarding the corrected item-total coefficients, it is observed that
items Q3.1, Q3.4 and Q3.7 present correlations lower than 0.20, and therefore, in a more incisive
analysis, they should be eliminated. The maximum correlation is obtained for item Q3.6 (r = 0.411),
which accounts for 22.6% of its variability. Cronbach’s alpha values range from bad to reasonable,
varying from 0.383 in item Q3.2 to 0.582 in item Q3.4, also with an acceptable overall alpha of (« = 0.500).

55



Foods 2020, 9, 888

Again, the unifactorial structure was submitted to confirmatory factorial analysis. Analyzing the
statistics regarding the normality of the items, it was observed that they all presented absolute values
for both asymmetry and kurtosis within the reference values, which were respectively lower than 3.0
and 7.0 for skewness and kurtosis. The multivariate coefficient of Mardia is 0.257, and the critical ratios
resulting from the trajectories of the items to the factor are statistically significant. Figure 3a illustrates
the initial model, allowing us to verify that items Q3.1, Q3.4, Q3.5 and Q3.6 present saturations lower
than 0.40, leading to their elimination. Further, the goodness of fit indices of global adjustment for
this model are inadequate (Table 3). By eliminating the items and refining the model, only 3 items
remain in the final model because they present saturations higher than the minimum recommended
(Figure 3b). For this final model, the goodness of fit indices of global adjustment are all saturated: CFI
and GFI are equal to 1, and the remaining values are all equal to zero (Table 3).

Table 3. Statistics for the unidimensional model of the scale about economic and availability motivations.

Internal Consistency of Items (Original)

Item . r ) o
Mean Score Standard Deviation (Item-Total) r Without Item
Q3.1 3.62 1.010 0.121 0.246 0.508
Q3.2 2.65 1.134 0.404 0.374 0.383
Q3.3 3.04 1.123 0.372 0.309 0.399
Q34 3.87 1.057 -0.072 0.166 0.582
Q3.5 3.17 1.091 0.327 0.155 0.422
Q3.6 2.78 1.079 0.411 0.226 0.384
Q3.7 241 1.188 0.164 0.342 0.497
Global Cronbach’s alpha = 0.500
Fitting Indices of CFA Model ! Initial 2 Final 3

x2/df 404.1 0.000

GFI 0.867 1.000

CFI 0.606 1.000

RMSEA 0.184 0.000

RMSR 0.141 0.000

SRMR 0.124 0.000

1 x?/df = Ratio of chi-square and degrees of freedom; GFI = Goodness of fit index; CFI = Comparative fit index;
RMSEA = Root mean square error of approximation; RMSR = Root mean square residual; SRMR = Standardized
root mean square residual. 2 Without modification indices. 3 With modification indices and eliminated items.

(a) (b)

Initial Final

Convenience

Convenience

Figure 3. (a) Initial and (b) final models for the economic and availability motivations’ scale.
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3.4. Social and Cultural Motivations

Regarding items of the social and cultural motivations’ scale, as it can be observed in Table 4,
the corrected correlation coefficient’s item-total shows thatitems Q4.1, Q4.5 and Q4.8 present correlations
lower than 0.20, leading to the recommendation of the elimination of such items. The maximum
correlation is obtained for item Q4.4 (r = 0.359), which accounts for 42.6% of its variability. Cronbach’s
alpha values oscillate between the inadequate and reasonable, ranging from 0.426 in item Q4.4 to 0.548
in item Q4.5, with the global alpha being acceptable (« = 0.504).

Table 4. Statistics for the unidimensional model of the scale about social and cultural motivations.

Internal Consistency of Items (Original)

Item r ) «
Mean Score Standard Deviation (Item-Total) r Without Ttem
Q4.1 3.74 1.034 0.178 0.219 0.487
Q4.2 3.06 1.107 0.338 0.179 0.433
Q4.3 2.65 1.072 0.273 0.133 0.457
Q4.4 2.44 1.090 0.359 0.194 0.426
Q4.5 2.61 1.131 -0.004 0.164 0.548
Q4.6 3.28 1.108 0.208 0.176 0.478
Q4.7 2.62 1.199 0.260 0.167 0.459
Q4.8 3.47 1.155 0.118 0.170 0.509
Q4.9 2.38 1.080 0.281 0.235 0.454
Global Cronbach’s alpha = 0.504
Fitting Indices of CFA Model ! Initial 2 Final 3
x2/df 321.7 0.000
GFI 0.854 1.000
CFI 0.348 1.000
RMSEA 0.164 0.000
RMSR 0.164 0.000
SRMR 0.132 0.000

1 X?/df = Ratio of chi-square and degrees of freedom; GFI = Goodness of fit index; CFI = Comparative fit index;
RMSEA = Root mean square error of approximation; RMSR = Root mean square residual; SRMR = Standardized
root mean square residual. 2 Without modification indices. 3 With modification indices and eliminated items.

The confirmatory factor analysis of the hypothesized unifactorial structure revealed that all the
items present a normal distribution, with asymmetry and kurtosis values within the reference values,
respectively, lower than 3.0 and 7.0. The multivariate coefficient of Mdrdia is 0.231. The critical ratios
resulting from the trajectories of the items to the factor are statistically significant, which lead to their
maintenance. Figure 4a presents the initial model, which excluded item Q4.6 due to multicollinearity
problems, and indicates that items Q4.3, Q4.4, Q4.5, Q4.7 and Q4.9 show saturation below 0.40, leading
to their elimination. The goodness of fit indices for the global adjustment are inadequate for this initial
model (Table 4). When refining the model and eliminating the unsuitable items, only three items
remain in the unifactorial structure (Figure 4b). Although one of the items revealed a saturation of 0.38
(under 0.4 but in the limit of acceptance), it was decided to maintain it due to its importance to the
structure of the factor. Table 4 also presents the global adjustment indices for this one-dimensional
model, and, while in the initial model all indexes were inadequate, in the final model, after refinement,
the indexes are excellent, all being saturated.
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Figure 4. (a) Initial and (b) final models for the social and cultural motivations’ scale.
3.5. Environmental and Political Motivations

Regarding the environmental and political motivations, an analysis of the mean scores and
standard deviations of the items (Table 5) shows that they are well centered, being above the central
score. The correlation coefficient’s item-total presents values above 0.20, which leads to the maintenance
of all items. Cronbach’s alpha values are good for all items, between 0.753 in item Q5.4 and 0.789 in item
Q5.2, while the overall alpha is on the threshold of very good (& = 0.799). The confirmatory factorial
analysis of the proposed unifactorial structure revealed that all items present a normal distribution,
with values of asymmetry and kurtosis within the reference values, oscillating in absolute values for
skewness between 0.031 and 0.773, and for kurtosis between 0.054 and 0.599. The multivariate coefficient
of Mardia is 0.205. The critical ratios are statistically significant, which leads to the maintenance of all
items. Figure 5a represents the initial model, from which it can be observed that all items saturate
above 0.40, leading to their maintenance. The indices for evaluation of the goodness of global fit in
this first model are adequate, with the exception of the x?/df, which is too high (Table 5). In Figure 5b,
the final model is presented after the refinement of the modification indexes proposed by AMOS. It is
important to note that, due to multicollinearity problems, items Q5.6 and Q5.77 have been eliminated
when defining the final model. The goodness of fit indices for the global adjustment in the final model
are very good. While only the chi-square ratio was inadequate for the initial one-dimensional model,
in the final model, after refinement, the indexes are excellent, being saturated for GFI, CFI and RMSEA
(Table 5).

3.6. Marketing and Commercials Motivations

The mean scores and corresponding standard deviations of the six items in the marketing and
commercials” scale presented in Table 6 show that, in general, they are well cantered, the most
problematic item being Q6.2, whose observed value is lower than average. The correlation coefficient’s
item-total reveals very weak and negative correlations in items Q6.1 and Q6.4, which leads to
the rejection of these items in a more refined analysis. Cronbach’s alpha values are inadmissible,
with an overall alpha value of 0.399. However, it was still decided to perform a confirmatory factor
analysis in order to determine the possible performances of the items. The confirmatory factorial
analysis carried out on the unifactorial structure revealed that all items present a normal distribution,
with values of skewness and kurtosis within the reference values. The multivariate coefficient of
Mardia is 0.179. Critical ratios are statistically significant, which leads to the maintenance of all
items. Figure 6a corresponds to the initial model, which excluded item Q6.7 due to multicollinearity
problems, and shows that items Q6.1, Q6.4 and Q6.6 saturate below 0.40, leading to their elimination.
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The goodness of fit indices for the global adjustment in this initial model are only suitable for the GFI

and SRMR, being poor for CFI and RMSEA and unsuitable for the chi-square ratio (Table 6). Figure 6b

represents the final refined model without the eliminated items. It is observed that all items have
saturations greater than 0.60, and individual reliability greater than 0.40. The goodness of fit indices
for the overall adjustment are very good. As the results in Table 6 show, for the initial one-dimensional
model only the chi-square ratio was inadequate, but in the final model, after refinement, the indices

are excellent, saturated for all indices.

Table 5. Statistics for the unidimensional model of the scale about environmental and
political motivations.

Internal Consistency of Items (Original)

Item

. r > o
Mean Score Standard Deviation (Item-Total) r Without Item
Q5.1 3.48 0.996 0.554 0.326 0.769
Q5.2 3.77 1.013 0.442 0.224 0.789
Q5.3 3.30 1.089 0.459 0.218 0.787
Q5.4 3.43 1.093 0.633 0.429 0.753
Q5.5 3.06 1.045 0.542 0.357 0.771
Q5.6 2.81 0.987 0.519 0.301 0.775
Q5.7 3.20 1.021 0.565 0.338 0.767
Global Cronbach’s alpha = 0.799
Fitting Indices of CFA Model ! Initial 2 Final 3
x2/df 93.44 0.987
GFI 0.969 1.000
CFI 0.937 1.000
RMSEA 0.088 0.000
RMSR 0.042 0.032
SRMR 0.039 0.026

1 x?/df = Ratio of chi-square and degrees of freedom; GFI = Goodness of fit index; CFI = Comparative fit index;
RMSEA = Root mean square error of approximation; RMSR = Root mean square residual; SRMR = Standardized
root mean square residual. 2 Without modification indices. > With modification indices and eliminated items.

(a) (b)

Initial Final

(@ s ]

m
&
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Environment
&
Politics
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Figure 5. (a) Initial and (b) final models for the environmental and political motivations’ scale.
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Table 6. Statistics for the unidimensional model of the scale about marketing and
commercials motivations.

Internal Consistency of Items (Original)

Item r ) o
Mean Score Standard Deviation (Item-Total) r Without Item
Q6.1 3.18 1.113 -0.049 0.121 0.498
Q6.2 2.30 1.013 0.352 0.301 0.257
Q6.3 2.67 1.130 0.274 0.290 0.299
Q6.4 3.69 1.067 —-0.039 0.118 0.487
Q6.5 2.71 1.118 0.329 0.314 0.261
Q6.6 3.04 1.089 0.338 0.117 0.257
Q6.7 3.00 1.071 0.324 0.105 0.310
Global Cronbach’s alpha = 0.399
Fitting Indices of CFA Model ! Initial 2 Final 3
x2/df 163.8 0.000
GFI 0.958 1.000
CFI 0.854 1.000
RMSEA 0.117 0.000
RMSR 0.084 0.000
SRMR 0.071 0.000

1 x?/df = Ratio of chi-square and degrees of freedom; GFI = Goodness of fit index; CFI = Comparative fit index;
RMSEA = Root mean square error of approximation; RMSR = Root mean square residual; SRMR = Standardized
root mean square residual. 2 Without modification indices. 3 With modification indices and eliminated items.

(a) (b)

Initial Final

Marketing )

Figure 6. (a) Initial and (b) final models for the marketing and commercials motivations’ scale.
4. Discussion

The six dimensions of the EATMOT scale were all validated, thus confirming the adequacy of the
selected types of reasons that could influence eating patterns and food choices: health and disease,
emotional status, convenience and easiness of access, societal and cultural influences or religious
beliefs, environmental concerns or political frameworks, and finally all issues related with marketing,
advertising or promotional campaigns.

Regarding the health motivations scale, from the 10 initial questions considered, only 3 were
validated, which reflects the fragility of the aspects considered. However, if we look in more detail
to the questions validated (Q1.1: “I am very concerned about the hygiene and safety of the food I
eat”, Q1.4: “It is important for me that my daily diet contains a lot of vitamins and minerals”, Q1.8:
“It is important for me to eat food that keeps me healthy”), we see that they all focus on health as
a general concern, indicating that the participants look upon health more as a general concept than
as individual contributions or pathologies. This is expected, since a great deal of scientific evidence
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has been collected about the close relations between food intake and health status [31-35]. Another
factor that may contribute to the importance attributed to some health issues is associated with gender
differences. The sample under study was composed of far more women than men, and it has been
reported that women tend to be generally more reflective about food and health issues [36,37].

In the original group of nine questions about emotional motivations, there were four items that
remained after validation, and they are in fact those questions more directly related with anxiety and
negative emotional mood, like stress and depression, which are in fact very strong emotions (Q2.1:
“Food helps me cope with stress”, Q2.6: “When I feel lonely, I console myself by eating”, Q2.8: “For me,
food serves as an emotional consolation, Q9.9: “I have more cravings for sweets when I am depressed”).
Emotional eating is extremely powerful, and has been associated with the growing epidemic of obesity
and related pathologies, owing to the propensity to balance negative emotions through food intake,
particularly with unhealthy products such as those rich in sugar or fat [38]. Emotional eating is present
among all age groups, although with a higher expression in younger individuals, and could even be
considered a pathology that should be handled by mental health practitioners [39].

From the seven questions initially considered concerning convenience aspects that could influence
food choices, three were retained, focusing on easiness of access to food, both in terms of facility to
acquire and low price, and easiness of preparation (Q3.2: “The main reason for choosing a food is its low
price”, Q3.3: “I choose the food I consume, because it is convenient to purchase”, Q3.7: “I prefer to buy
food that is ready to eat or pre-cooked”). In today’s society, with “fast” life styles, where people seem
to hardly find the time to do everything they wish to, the demand for convenience foods has grown,
along with the distance between those who produce food and their consumers [37]. Many factors
can justify this growing trend to seek convenience foods, like for example changes in the household
structure, intensification of female employment, response of the food industry, marketing campaigns
and advertisements, availability of kitchen technology compatible with cooked or pre-cooked meals,
individualism, lack of time, or poor cooking skills [40—-44].

The social and cultural motivations scale was initially composed of nine items, from which three
were validated for the EATMOT scale (Q4.1: “Meals are a time of fellowship and pleasure”, Q4.2: “I eat
more than usual when I have company”, Q4.8: “Ilike to try new foods to which I am not accustomed”).
These focus on eating as a social act and the interaction between people while eating, as well as on the
importance given to new foods and gastronomic experiences. According to Nakata [45], food tastes
better and people tend to eat higher quantities when they are accompanied than when they are alone.
Possible explanations can be assumed to justify this social facilitation of eating, some relying on the
positive influence that company has on people by establishing social bounds, and others based on the
assumption that people tend to imitate others, and therefore they eat because they see others eating.
On the other hand, not only does company influence eating, but the type of social relationships is also
considered an important factor for eating facilitation, so that when people are with friends or family
they tend to ingest higher quantities of food than when they are in the presence of strangers [46—48].

Regarding environmental concerns and political motivations, from the initial seven items, the
majority, four, were retained in the validated scale, which reflects the importance of aspects such as
sustainability or human and animals’ rights when making food choices (Q5.1: “It is important to me
that the food I eat is prepared/packed in an environmental friendly way”, Q5.3: “It is important to me
that the food I eat comes from my own country”, Q5.4: “I prefer to eat food that has been produced in
a way that animals’ rights have been respected”, Q5.5: “I choose foods that have been produced in
countries where human rights are not violated”). Food is one of the three consumption domains with
greater environmental impact, and therefore food consumption is a central aspect for a sustainable
food supply [49,50]. Consumer inclination towards sustainable food purchase can help minimize food
waste and residues, as well as packaging materials, and can also minimize the environmental impacts
along the production chain, from the farm to the fork. Similarly, informed food choices can have a
large impact on the well-being of farm animals [37]. Consumers may also benefit the local economy
with their socially responsible choices [51]. However, we must bear in mind that sustainability should
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not jeopardize food choices in terms of nutritional values. One example is the ‘nutritional transition” of
dietary patterns, and the consumption of foods with higher content in animal protein, acknowledging
that meat is considered as the food product with the greatest environmental impact throughout the
food chain [52]. Grunert et al. [53] revealed in their research that sustainability labels still do not play a
major role in consumers’ food choices. Finally, one of the latest studies on environmental modeling in
the food chain revealed the following food related research perspectives: the environmental impacts
of novel food processing technologies; innovative food packaging and changes in diets; and food
consumption in connection with climate and environmental changes [54].

Finally, the last scale, concerning marketing issues, was initially composed of seven items,
from which three were validated to be included in the EATMOT scale (Q6.2: “I eat what I eat, because I
recognize it from advertisements or have seen it on TV”, Q6.3: “I usually buy food that spontaneously
appeals to me”, Q6.5: “Food advertising campaigns increase my desire to eat certain foods”), and they
confirm the important role of publicity and marketing as influencers on food choice. Food marketing
has been identified as such an important determinant for obesity, that in many countries, restrictions
have been imposed when advertising foods or beverages for children or adolescents. Further, the role
of companies that sponsor many sports is believed to be influential in food consumption [55]. Care
must be taken when it comes to advertisements. Although food marketing can be used to incentivize
the consumption of healthy foods and beverages, the reality is sometimes different, and marketing is
used to promote foods with a high energy density and low nutritional value. This is particularly true
when it comes to young people, the demographic for whom food is one the most heavily marketed
product categories. On the other hand, promotional campaigns can be an ally in eliciting the purchase
of better quality foods at lower prices [56].

5. Conclusions

The results of this work allowed the assessing of six different types of factors that can influence
food choices and eating behaviors, in the specific categories: health, emotions, price and availability,
society and culture, environment and politics, and marketing and commercials. The results obtained
for a wide sample from 16 countries indicated that all the individual scales measured presented good
or very good fitting indices, with saturation in GFI in all cases, and values of chi-square ratio of 6.921
(for health), 0.987 (environment), 0.610 (emotions), and 0.000 in the remaining unifactorial models
(convenience, society, marketing). Furthermore, the fit was perfect, with saturation for all indices,
in three of the six models (convenience, society and marketing).

The scales validated include dimensions that are complementary and help in assessing food choice
determinants, which can be very helpful in designing strategies that lead people to adopt better eating
habits (those more oriented towards the maintenance of health, rather than having adverse effects).
Furthermore, sustainability is a top priority in today’s society, and the food supply chain contributes a
high impact on the biosystems, increasing water, soil and atmosphere pollution, which will in the end
also impact people’s health. To understand people’s decision processes, and which factors drive them
to make some choices instead of others, is pivotal in changing eating behaviors. These results produced
six independent scales for assessing eating motivations, which can be applied in future situations with
a high degree of confidence, bearing in mind that they were validated for a considerably vast sample,
across different countries and with participants from different cultural backgrounds.

Some limitations of this study include the possible biases due to the unequal number of participants,
like for example there being more female than male participants, or more participants from countries like
Croatia or Portugal, factors that are associated with the use of convenience samples in different countries.
These limitations are to some extent counterbalanced by the high number of participants overall.
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Appendix A

The questions included in the questionnaire were distributed across six different sections as follows:

Section 1—Health motivations:

Q1.1. I am very concerned about the hygiene and safety of the food I eat;

Q1.2. Tt is important for me that my diet is low in fat;

Q1.3. Usually I follow a healthy and balanced diet;

Q1.4. It is important for me that my daily diet contains a lot of vitamins and minerals;
Q1.5. There are some foods that I consume regularly, even if they may raise my cholesterol;
Q1.6. I try to eat foods that do not contain additives;

Q1.7. Tavoid eating processed foods, because of their lower nutritional quality;

Q1.8. It is important for me to eat food that keeps me healthy;

Q1.9. There are some foods that I consume regularly, even if they may raise my blood glycaemia;
Q1.10. I avoid foods with genetically modified organisms;

Section 2—Emotional motivations:

Q2.1. Food helps me cope with stress;

Q2.2. T usually eat food that helps me control my weight;

Q2.3. I often consume foods that keep me awake and alert (such as coffee, coke, energy drinks);
Q2.4. T often consume foods that help me relax (such as some teas, red wine);

Q2.5. Food makes me feel good;

Q2.6. When I feel lonely, I console myself by eating;

Q2.7. I eat more when I have nothing to do;

Q2.8. For me, food serves as an emotional consolation;

Q2.9. Thave more cravings for sweets when I am depressed;

Section 3—Economic and Availability motivations:

Q3.1. Tusually choose food that has a good quality/price ratio;

Q3.2. The main reason for choosing a food is its low price;

Q3.3. I choose the food I consume, because it is convenient to purchase;
Q3.4. I buy fresh vegetables to cook myself more often than frozen;
Q3.5. Tusually buy food that is easy to prepare;

Q3.6. I usually buy food that it is on sale;

Q3.7. I prefer to buy food that is ready to eat or pre-cooked;
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Section 4—Social and Cultural motivations:
Q4.1. Meals are a time of fellowship and pleasure;
Q4.2. I eat more than usual when I have company;

Q4.3. Tt is important to me that the food I eat is similar to the food I ate when I was a child;

Q4.4. T eat certain foods because other people (my colleagues, friends, family) also eat it;
Q4.5. I prefer to eat alone;

Q4.6. I choose the foods I eat, because it fits the season;

Q4.7. T eat certain foods because I am expected to eat them;

Q4.8. Tlike to try new foods to which I am not accustomed;
Q4.9. T usually eat food that is trendy;

Section 5—Environmental & Political motivations:
Q5.1. It is important to me that the food I eat is prepared/packed in an environmentally friendly way;
Q5.2. When I cook I have in mind the quantities to avoid food waste;

Q5.3. It is important to me that the food I eat comes from my own country;

Q5.4. 1 prefer to eat food that has been produced in a way that animals’ rights have been respected;

Q5.5. I choose foods that have been produced in countries where human rights are not violated;

Q5.6. I avoid going to restaurants that do not have a recovery policy of food surplus;

Q5.7. I prefer to buy foods that comply with policies of minimal usage of packaging;

Section 6—Marketing and Commercials motivations:
Q6.1. When I buy food I usually do not care about the marketing campaigns happening in the shop;
Q6.2. I eat what I eat, because I recognize it from advertisements or have seen it on TV;

Q6.3. Tusually buy food that spontaneously appeals to me (e.g., situated at eye level, appealing colors,
pleasant packaging);

Q6.4. When I go shopping I prefer to read food labels instead of believing in advertising campaigns;
Q6.5. Food advertising campaigns increase my desire to eat certain foods;

Q6.6. Brands are important to me when making food choices;

Q6.7. 1 try to schedule my shopping for when I know there are promotions or discounts.
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Abstract: Background: A wide variety of social, cultural and economic factors may influence dietary
patterns. This work aims to identify the main determinants of food consumption and barriers for
healthy eating at the workplace, in a university setting. Methods: A cross-sectional observational
study was conducted with 533 participants. Data were obtained through the application of a
self-administered questionnaire that included socio-demographic information, food consumption
determinants and the main perceived barriers for healthy eating at the workplace. Results: The
respondents identified “price” (22.5%), “meal quality” (20.7%), and “location/distance” (16.5%). For
women, the determinant “availability of healthy food options” was more important than for men
(p < 0.001). The food consumption determinants at the workplace most referred to by respondents
were related to the nutritional value. Smell, taste, appearance and texture, and good value for money,
were also considered important for choosing food at the workplace. Respondents referred to work
commitments and lack of time as the main barriers for healthy eating at the workplace. Conclusions:
Identification of determinants involved in food consumption, and the barriers for healthy eating, may
contribute to a better definition of health promotion initiatives at the workplace aiming to improve
nutritional intake.
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1. Introduction

Globalization has caused drastic changes in food patterns within the last decade. These
changes resulted in a reduction in the prevalence of malnutrition along with a widespread
increase in prevalence of overweight and obesity [1]. An unhealthy lifestyle is one of the
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conditions of the Creative Commons _tends to stand still, or even increase [1,3,4].

major risk factors for chronic diseases in developed countries [2]. Consumer behaviors play
a prominent role in the etiology of several chronic non-communicable diseases, including
obesity, diabetes mellitus, and cardiovascular diseases, among others, whose prevalence
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Sedentary habits and unhealthy eating behaviors are responsible for a significant eco-
nomic burden through absenteeism and presenteeism [5-8]. Additionally, for employees,
unhealthy lifestyle behaviors and obesity might lead to negative effects related to work [9].
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Research has shown that unhealthy employees and those with an unhealthy lifestyle are
less productive at work and have decreased work ability [10-14].

The workplace is recognized as an opportune and fruitful setting for health promotion
because of the presence of natural social networks, the possibility of reaching a large
number of people, and the amount of time people spend at work [15,16]. Promotion of
healthy lifestyles, namely healthy nutritional behavior at the workplace, improves workers’
health and productivity [17].

The workplace also offers an interesting context for studying eating behaviors. There is
often a high level of consistency in people’s working lives, with many workers (particularly
those who are office-based, as in this sample) spending most of their time in the same
location surrounded by the same group of colleagues [18]. Partly for this reason, a number
of eating-related research studies have been conducted at the workplace [19-21].

A wide variety of social, cultural, and economic factors may influence dietary patterns.
Intra-individual determinants, such as physiological and psychological factors, acquired
food preferences, and knowledge about nutrition can be distinguished from interpersonal
or social factors, such as family and partners influence [21].

Food choice determinants are frequently presented in four groups:

(a) Biologically determined behavioral predispositions, related to an individual’s innate
abilities related to food, namely the preference for sweet and salty foods; the mecha-
nisms that control hunger and satiety; and the sensory experience provided by food.
These are the most basic determinants of food choice, meaning when choosing food
or drinks, people firstly follow their preferences [21];

(b) Sensory-affective factors—those related to feelings and emotions in relation to food—
acquired familiarity and ability to learn how to like something are at the second
level [21];

(c¢) Intrapersonal factors, defined by an individual’s beliefs, attitudes, knowledge, skills
and social norms, follow the previous factors in determining the choice of food,
just like the interpersonal ones, which involve family, friends and other social net-
works [21]. The culture in which each individual was born and raised influences
general behavior and food habits [21]. Interpersonal factors theoretical framework
was also described by Rothschild, 1999 [22], and applied, for example, in Bos, 2016 [23].
Several authors have ascertained that choices depend on the surrounding environ-
ment, and are based on one’s knowledge and experience [21];

(d) Environmental factors are the last level determining food consumption. Even though
they are the most distant from the individual, environmental factors are the easiest
to influence. They include availability and accessibility to food; social, environmen-
tal and cultural practices; resources; economic environment; and food marketing
practices [21]. For example, resources and economic environment determine food
consumption through food cost or individual income [21]. According to the literature,
low-income population groups are more likely to adopt unbalanced diets [21].

In addition to the determinants described above, the individual’s psychological state
is also assumed as one of the major determinants of the act of eating. Situations of emo-
tional difficulty, states of anxiety and stress, situations of rejection, or loneliness, in more
vulnerable individuals, can lead to changes in eating behavior [21].

Several studies concluded that individuals who identified a higher number of barriers
for healthier eating habits correspond to those with worse habits [23,24]. The main factors
identified by consumers as barriers for healthy eating were lack of time, poor cooking skills,
food price, or the lack of healthy choices at food service units [23-26].

Meals eaten at the workplace represent a large contribution to the daily energy intake
and influence the balance of the diet [27]. The study “Food and Portuguese Population
Lifestyle” [28], identified the factors that influence the food choices of Portuguese adults,
and their relationship with socio-demographic and health features [29]. The attribute of
“Taste” was the most important factor determining food choice, followed by the “Price”
and the “Intention of healthy eating”, according to Poinhos et al. [29].
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Previous research conducted at different workplaces related to food consumption
determinants and perceived barriers, identified that structures and systems within the
workplace have a significant role in dietary behaviors. These include the facilities avail-
able [30-32], training of staff [33], long hours worked as a result of high workloads and
work pressures, and a culture that encourages working through breaks [34,35]. Lack of
time for lunch can affect both health and productivity [36,37]. The conflict between pro-
moting a greater range of healthier foods and business constraints has also been previously
identified [38].

In order to develop effective workplace interventions for healthy eating, researchers
must first consider all the known determinants of eating behavior as potential targets for
intervention, such as distinct features of working conditions. In a recent systematic review
of factors affecting healthy eating among nurses, the majority of studies found that work-
places often create barriers for healthy eating [20]. Therefore, to define appropriate health
promotion initiatives, it is necessary to characterize the determinants involved in food
choice, in order to influence food consumption at the workplace. Additionally, to identify
perceived barriers for healthier eating habits it is also important for the implementation
and assessment of interventions in different scenarios [39,40].

To the best of our knowledge, there are no studies that identify and characterize
the determinants involved in food choice in Portugal, especially at the workplace, and it
becomes relevant to develop research to better understand this subject. Therefore, this study
intends to identify the perceived barriers for healthy eating, and the main determinants of
food consumption at the workplace, among university employees.

2. Materials and Methods
2.1. Study Design and Sample

A cross-sectional observational study was conducted at a Portuguese university
through face-to-face interviews by a trained researcher at the participants” workplace.
This university had 3307 employees: 1750 teachers and researchers (academic), 1551 non-
teaching staff (non-academic) [41]. A convenience sample was used, stratified by organic
units, aiming to represent the study population, allowing researchers to infer conclusions
for the study population. Given that the sample corresponds to approximately 15% of
the population, it was stratified into teaching and researcher staff, and non-teaching and
non-researcher staff; 533 employees were selected. Data collection was performed during
labor hours.

2.2. Ethical Issues

The project was approved by Ethical Commission of the University of Porto, with
the number CEFADE 25.2014. The principles of the Helsinki Declaration were respected
and the workers under analysis accepted participation in the study through informed
consent, after having the purpose and methods involved in the study explained to them
individually.

2.3. Questionnaires for Data Collection

Data were obtained through the application of a self-administered questionnaire.
It included socio-demographic information and food consumption determinants at the
workplace, and a list of barriers for healthy eating at the workplace. The questionnaire
included questions such as the employee’s age, gender and marital status. Academic
qualifications were also questioned, through a closed answer format composed of nine
levels of response (between primary school and PhD or Post-Doc). Employees with
academic qualifications higher than bachelor’s degree were asked about the training area.
Concerning work practices, respondents were asked about the amount of time they spend
working at this institution, and the work regime (full-time or part-time). They were asked
about the professional category, function performed, with discrimination between teaching
and non-teaching activity, and the establishment where they work.
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To assess food consumption determinants, a section of the questionnaire was devel-
oped through the adaptation of the Food Choice Questionnaire, developed by Steptoe et al. [42]
after translation and validation for the Portuguese population by Cardoso and Vale [43].
Steptoe et al. also contributed to the questions of the Food Choice Questionnaire. A Likert
Scale of 5 points, from strongly disagree (1) to strongly agree (5) was used in the questions
related to determinants. Questions used in the studies “Food and Portuguese Population
Lifestyle” and “Food and Portuguese Population Lifestyle” [28,29] were included in the
questionnaire. The determinants of the choice of location for lunch in the workplace were
also evaluated. Respondents were invited to select the three main factors affecting their
choice from a predefined list presented in our results [29,44—47].

The barriers presented to respondents were selected from the literature, and others
were added considering individual perceptions of the researchers. Respondents could
select as many options from the list as they wanted.

Food offer, quality of meals, prices and food and nutritional intake of employees were
analyzed and published in previous research papers [48,49].

2.4. Statistical Analysis

Data were analyzed using the Statistical Package for Social Sciences version 21.0 ®
for Windows. Descriptive analysis was performed, and normality of cardinal variables
was tested with Shapiro-Wilk Test. Association between nominal variables was analyzed
by chi-square test. Association between ordinals and nominal variables was performed
with Kruskal-Wallis tests. Between ordinal variables, or between ordinal and cardinal non-
normal, Spearman correlation was performed. Taking into consideration the differentiation
of the sample in terms of age, results were analyzed by age groups, through splitting
the sample by the median age (43 years old) to identify younger and older respondents.
Cut-off of 0.05 was used as the level of statistical significance. Data were also analyzed
according to Multiple Correspondence Analysis (MCA) procedures, which allows for
exploring the pattern of relationships of several categorical variables and representing
them in few dimensions of homogeneous variables. For this model, sociodemographic
variables were included, namely gender, educational level, and professional occupation;
lunch setting (lunch brought from home, university food services, restaurants and go
home), determinants for the lunch place choice and determinants of food consumption
identified from Food Choice Questionnaire [42,43].

3. Results
3.1. Sample Characterization

From 533 assessed individuals, 513 were considered valid answers. Participants
were aged between 21 and 80 years old (mean 43.3 & 10.6), mostly females (65.5%) and
married (63.4%). About 94% of respondents were full-time workers. Most workers (80.3%)
had a university degree and about 35% had a PhD or a Post-Doc diploma. Only 3.3% of
respondents did not complete high school education. Of respondents, 34.2% were Teachers,
63.0% were Non-Academic Staff/Researchers and 2.8% had both activities.

The majority of workers had a sedentary activity since 81.5% of them reported spend-
ing most of their time seated, and 74.5% characterized their work as not being “very
physically demanding”.

Only 23.1% of respondents reported following an unhealthy diet at the workplace.
Hence, only these workers were asked to point out the barriers for adopting a healthier diet.

3.2. Determinants of Choosing the Place for Having Lunch

The majority (96.7%) of respondents had lunch every day, however, only 36.1% of
them attended the university food service. Of the respondents, 28% had lunch in local
restaurants. About 52% of workers brought lunch from home and only 16.2% had lunch
at home.
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The respondents identified “price” (22.5%), “meal quality” (20.7), “location/distance”
(16.5%), “healthy food options” (13.1%) and “lead time” (10.6%) as the most important
determinants used to choose the place for having lunch. For women, the option of having
“healthy food options” (p < 0.001) was more important than for men. Additionally, “lo-
cation” (p < 0.001) and “noise” (p = 0.016) were more important for women than for men

(Figure 1).
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Figure 1. Food consumption determinants to choose the place for having lunch per gender. N:
Number of individuals

“Price” as a determinant for choosing the place for having lunch was more important
in younger respondents (Table 1). This determinant was also more important for those with
a lower academic degree (p < 0.001) than for those with a higher level of education. Respon-
dents with a higher academic degree referred more frequently to “Location/Distance” of
places for having lunch as a determinant of choice. “Meal quality” (p = 0.002) and “healthy
food options” (p = 0.049) were considered determinants for choosing the lunch setting more
frequently by teaching staff.

Table 1. Food consumption determinants to choose the place for having lunch per age group.

Determinants for Place Choosing Youngers (%) Olders (%) p-Value
Price 241 20.4 0.006 !
Meal quality 21.0 204 0.457
Location 15.2 18.3 0.104
Healthy food options 13.1 13.2 0.859
Lead time 11.0 9.7 0.298
Social relationships 7.4 8.9 0.354
Variety of menu 4.8 43 0.561
Noise 1.9 2.8 0.282
Others 1.1 1.6 0.439
Common use with students 0.4 0.5 0.765

1 Differences with statistical significance.

Based on results of MCA three main dimensions were identified that explained
33.4% of data variability. The following homogeneous groups of variables were obtained
(Figure 2).
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Figure 2. Food consumption determinants to choose the setting for having lunch (Multiple Corre-
spondence Analysis (MCA) analysis).

3.3. Determinants of Food Consumption at the Workplace

Determinants of food consumption at the workplace most referred to by respondents
(more than 70%) were related to foods rich in vitamins, minerals and fiber, nutritionally
balanced, with natural ingredients and no additives, and that contribute to health and
weight control. Smell, taste, appearance, texture, and a good value for money were also
considered important for choosing food at the workplace.

Based on the results of MCA, two main dimensions were identified that explained
59.9% of data variability, and the following homogeneous groups of variables were obtained
(Figure 3).
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Figure 3. Food consumption determinants at the workplace (MCA analysis).

3.4. Barriers for Healthy Eating at the Workplace

The participants referred mostly to work commitments and lack of time as barriers for
healthy eating at the workplace (Figure 4). From the barriers under analysis, differences
between genders were only observed related to knowledge about nutrition. Males identi-
fied “Lack of knowledge about nutrition/healthy eating” as a barrier for healthy eating
more frequently than women (Table 2). No differences were observed between age groups
related to perceived barriers for healthy eating (Table 3).
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Figure 4. Frequency of perceived barriers for healthy eating at the workplace.
Table 2. Perceived barriers for healthy eating at the workplace by gender.
Barriers for Healthier Eating Male (%) Female (%) p-Value
Do not like healthy food 3.7 6.7 0.449
Price of healthy foods 8.3 6.7 0.420
Inability to prepare meals 10.2 9.2 0.526
Lack of knowledge about nutrition/healthy eating 12.0 5.0 0.0191
Distance to food stores 5.6 1.7 0.067
Work commitments/lack of time 222 319 0.222
Lack of storage facilities and food preparation at the workplace 5.6 9.2 0.436
Lack of healthy options for breakfast, lunch and dinner 194 16.8 0.244
Special nutritional needs 0.9 1.7 0.707
This subject does not interest me/I never though this matter 4.6 3.4 0.466
Others 7.4 7.6 0.781
! Differences with statistical significance.
Table 3. Perceived barriers for healthy eating at the workplace by age group.
Barriers for Healthier Eating Youngers (%) Olders (%) p-Value
Do not like healthy food 6.1 4.2 0.288
Price of healthy foods 5.3 10.5 0.308
Inability to prepare meals 114 74 0.104
Lack of knowledge about nutrition/healthy eating 9.8 6.3 0.131
Distance to food stores 3.8 32 0.561
Work commitments/lack of time 28.0 26.3 0.101
Lack of storage facilities and food preparation at the workplace 7.6 7.4 0.577
Lack of healthy options for breakfast, lunch and dinner 174 18.9 0.575
Special nutritional needs 0.8 2.1 0.499
This subject does not interest me/I never though this matter 1.5 74 0.058
Others 8.3 6.3 0.279

In comparing academic with non-academic respondents, significant differences for
two distinct barriers were found. It seems that food price is a prohibitive factor for having
a healthy diet, essentially for non-academic staff in relation to other individuals (p = 0.004).
Lack of healthy options for breakfast, lunch and dinner were identified by academic staff
more frequently than by non-academics (p = 0.012) (Table 4). Concerning other parameters
assessed, ranges of age and marital status did not seem to influence the barriers for healthier

eating at the workplace.
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Table 4. Perceived barriers for healthy eating at the workplace by professional occupation.

Barriers for Healthier Eating Academics (%) Non-Academics (%) p-Value
Do not like healthy food 3.5 6.6 0.406
Price of healthy foods 12 10.9 0.0041
Inability to prepare meals 7.1 10.9 0.307
Lack of knowledge about nutrition/healthy eating 5.9 10.2 0.314
Distance to food stores 5.9 2.2 0.147
Work commitments/lack of time 32.9 24.8 0.054
Lack of storage facilities and food preparation at the workplace 5.9 6.6 0.826
Lack of healthy options for breakfast, lunch and dinner 259 14.6 0.0121
Special nutritional needs 12 1.5 0.856
This subject does not interest me/I never though this matter 59 2.9 0.272
Others 4.7 8.8 0.236

! Differences with statistical significance.

4. Discussion

Major determinants for choosing a place to have lunch were related to “meal quality”,
“price”, and “location”. Working at higher education institutes determines an increased
burden of work and responsibilities, most of them extra classes [50], which contributes
to work commitments and lack of time to take breaks, prepare, and have healthy meals.
Additionally, sensory aspects of food consumption can influence the choice of lunch place.
Sensory aspects are usually observed as determinant of food consumption. The cost of
meals is more relevant for younger respondents as observed in a previous study [51].

Younger, non-teaching female employees with lower academic qualifications are the
group who most frequently bring lunch from home. Bringing food from home is likely
associated with higher level cooking skills—more common in the female gender [25].
Additionally, this group also has lower disposable income and hence, bringing food from
home allows for more savings.

Lunch location is also determined by other factors. According to other authors, meals
outside the home often have a higher energy value and a poorer nutritional profile [27].
Indeed, of the women who bring lunch from home, some do so to ensure a healthier lunch.

On the other hand, teachers with PhD or Post-Doc Diplomas mentioned waiting time
as a key decision driver. This is likely associated with a higher level of responsibility, strong
focus on work, and consequently, shorter lunch breaks.

In this study, food availability was identified more frequently by academic staff than
other respondents. On the other hand, non-academics reported a higher concern, and
identified the lack of storage facilities and food preparation areas at the workplace as a bar-
rier. This parallelism on identified barriers could indicate that academics more frequently
use university cafeterias, and non-academics bring food from home and use storage and
preparation facilities, when available at the workplace, more frequently. These results
are in line with the identification of a third barrier, significantly the difference between
individuals with different professional occupations. Effectively, non-academics identified
the price of healthy food options as a barrier for healthy eating more frequently than
academics. Differences in salary between them could explain this result. The perception of
these factors could influence the choice of place for having meals—cafeterias, or storage
and preparation facilities.

Attending to the wide availability of information about healthy eating, the number
of respondents that identify the lack of knowledge about nutrition or healthy eating as a
barrier is unexpected. Men identified this barrier more frequently than women. In addition,
Yahia observed that men identified the barrier, lack of knowledge about nutrition or healthy
eating, more frequently than women, among university students [52].

Universities are a captive environment where staff is restricted to a campus where
offices, classes and study facilities are located, and where there is limited choice for food
provision [53,54]. The workplace can be a strong determinant of food consumption behavior
as it provides convenient access to healthy and/or unhealthy food choices. In a population
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experiencing time constraints having good food choices at the workplace provides an easy
option for refueling [37,48]. Food available at, or near workplaces, is more convenient,
low in cost, and sells well [21]. Similar findings were reported by Pinhao et al. in a
representative sample of the Portuguese population, where “taste” was the most selected
factor, followed by “price” and “trying to eat healthy” [29] as determinants of food choice.

Our results are in accordance with those found by Kjellesdal in Norwegian adults,
showing that people with higher educational levels and in higher income groups ate in
staff canteens more frequently than others [55].

According to previous literature, access to healthy foods in the workplace is often
limited, compared with an abundance of unhealthy foods present in workplace canteens,
onsite shops, and vending machines [46,48,56,57]. According to literature, workers desire a
greater variety of healthy and fresh foods compared with the current offerings [46,57-59],
which is identified in this research as a barrier for healthy eating. Healthy options also
determined workers food choice. Interestingly, some employees felt that food served
in the canteen is not balanced with their nutritional needs. The factors that influence
food consumption of employees related to healthy options, nutritional value of foods,
meal quality, and health and well-being, may be associated with employees’ perception of
canteen’ meals being too high in calories and tailored for physically demanding roles [46].

However, employees also reported that the lunch provided by the work canteen is the
only opportunity to have a “proper meal” each day [58]. In the same way, the workplace
could be a provider of healthy foods (such as vegetables and fruit) and increase intake
of those foods [59,60]. Availability at the workplace is a determinant for food choice and
a barrier for healthy eating, the reasons why the availability of facilities where food can
be prepared was considered to be an important facilitator of healthy eating [46,59]. On
the other hand, the higher cost of healthy options compared with unhealthy options was
identified as one of the most significant barriers to healthy eating [46].

The determinants that most influence food choice at the workplace in this study are
related to the individual. The identification of knowledge about the health benefits of food
is commonly observed, followed by biological determinants such as taste, smell, or the
texture of the food, and finally, of an environmental nature related to the quality-price ratio
of the food.

Food choices of men, with higher academic qualifications and belonging to the teach-
ing staff, are determined by food taste and texture, and by availability and price-quality
relationship. Additionally, they value the potential benefits of food, and their food choice
is determined by them. The influence that foods can have on well-being is also important,
such as choosing foods that help maintain alertness and support emotional health.

Regardless of gender, among professors with higher academic qualifications, food
choice is determined by cultural, religious or ethnic beliefs, political ideologies, the clarity
and environmental responsibility of packaging products, and medical advice regarding
the intake of certain foods. On the other hand, among individuals with lower academic
qualifications, these determinants have a reduced importance.

In fact, food choice is a complex result of preferences for sensory characteristics,
combined with the influence of non-sensory factors, including food-related expectations
and attitudes, health claims, price, ethical concerns and mood, as already reported by other
authors [47,61]. Regarding these concerns, the availability of healthy food options at the
workplace, namely in cafeterias, is very important. On the other hand, the inability to
prepare meals was also identified as a barrier for healthy eating, pointing to a need to
improve cooking skills, for example, by the inclusion of this topic in the school curriculum.

Only a small proportion of respondents perceived barriers for adoption of a healthy
diet. Other authors observed similar results [25,26,62]. Healthier environments should
be promoted to facilitate healthy eating and fighting chronic diseases such as obesity [63].
However, of all variables tested, only the price and lack of knowledge about nutri-
tion/healthy eating showed significant differences between respondents. Some studies
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have shown that people that identify a higher number of barriers are those that follow
unhealthy eating habits more frequently [24,63].

The barriers identified in this research are related only to individuals that are consid-
ered as having unhealthy eating at the workplace. Future works should also include those
who are considered as having healthy habits.

Strategies to promote healthier food habits aim at reducing barriers to access healthy
options and increasing opportunities for employees to make healthier food choices. Imple-
mentation includes provision of healthier options, improved accessibility, and establish-
ment of mandatory policies to provide healthy options or restrict less healthy offerings at
the workplace [16].

Some limitations were identified in this study. Lack of information concerning income
that impair conclusions potentially explained by this. Another limitation was related to
the usage of different tools to access food determinants for choosing the place to have
lunch, and the determinants of food consumption in general. However, the fact that the
tool used to access the determinants for choosing the place to have lunch was used in
another Portuguese study with a national representative sample, motivates the researchers
to that procedure. The use of a convenience sample determined a higher proportion of
non-academic staff as they were more available for data collection.

5. Conclusions

The most important determinants identified by respondents choosing the place for
having meals were “meal quality”, “price”, and “location/distance”. For women, the
availability of “healthy food options” was more important than for men.

Our results seem to demonstrate that gender, marital status, academic degree and main
professional occupation, are related to the choice of the place for having lunch. Differences
were found between gender, marital status and age ranges, in terms of factors-affecting
food choice at the workplace. A higher concern with nutritional value of food was observed
for younger respondents, individuals living alone, and women.

Gender and academic degree are relevant in food choice. Factors influencing individ-
uals with a low academic degree were previous food habits, price, and quality of meals, in
determining the choice of place for having lunch at restaurants or at home. On the other
hand, women with a high academic degree prefer to bring meals from home as they find
them healthier.

Related to determinants of food choice in general, MCA analysis reported the major
differences related to academic degree and main occupation, with lower academic degree
individuals being not influenced by external determinants, since their food choice was
mainly influenced by previous food habits. Higher academic degree employees in general
are influenced by nutritional value of food and its relationship to health and well-being,
packaging, and health professional advice, the reason why strategies to promote healthy
eating in these scenarios are necessarily different. If we could design a healthy eating
program based on information about the nutrition value of food and health, namely
through packaging, our results would show clearly that this option could be adequate for
teachers and other employees with high academic degrees, but not for others that probably
need personal counseling to change previous food habits.

This work also identified lack of time, work commitments, and lack of healthy options
for having meals at the workplace as barriers for healthy eating. Educational level, pro-
fessional occupation, and gender were the socio-economic characteristics evaluated that
influenced the perception of barriers for healthy eating.

These results may contribute to a better definition of strategies to promote healthy
eating in these scenarios and show that different strategies are needed for different target
groups to reduce barriers once they are perceived differently by individuals.
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Abstract: Background: Each country has specific social, cultural, and economic characteristics
regarding the motivations for improving health. The aim of this study was to evaluate demographic
characteristics, anthropometric data, and elements related to food behavior and health, as well as
Romanians” motivations towards healthy eating. Methods: This is a descriptive cross-sectional
questionnaire based study enrolling 751 Romanian participants, which was carried out in in 2017-
2018. Results: We obtained a positive correlation between age and Body Mass Index, and this was
maintained also when we analyzed the two genders separately, being, however, even stronger for
women. The number of hours/day spent watching TV or in front of the computer was positively
correlated with both age and BMI. In general, with aging, there is an increasing concern regarding
the practice of a healthy diet. The higher education level was significantly associated with healthier
choices. Conclusions: The study of the three dietary dimensions, food properties, health attitudes,
and dietary behavior, vis-a-vis various disorders revealed that the group most concerned of their diet
was those who suffered from cardiovascular disorders.

Keywords: health; motivation; BMI; food behavior; education

1. Introduction

There have been various studies regarding the impact of social and cultural factors
upon different communities’ food behavior [1]. There is substantial evidence that social
norms regarding food consumption strongly effect food choice, quality, and quantity
consumed [2].

The globalization of agrifood systems has increased the availability and variety of
foods through in food production and distribution changes. On one side, agricultural
priorities rely on production and processing systems, markets, and livelihoods, with more
concern for food safety and less care about general public health issues. Conversely, tradi-
tional public health focuses on agricultural issues that affect food security and the potential
role of agriculture in preventing food-related diseases. We need to consider multidisci-
plinary aspects and the complex relationship between agribusiness, food consumption
patterns, and health [3].

Adopting healthy diets can improve the nutritional behaviors and the status of popu-
lation health. The guidelines released by the World Health Organization (WHO) establish a
substantial reduction in the consumption of dairy products (by 28%), animal fats (by 30%),
meat (13%), and sugar (by 24%) and a substantial increase in the consumption of cereals
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(by 31%), fruit (by 25%), and vegetables (21%) in order to reduce the burden of chronic
diseases [4,5].

In the scientific literature, many variables have been used to analyze consumer behav-
ior in the food market, the most frequent being the socio-demographic factors, motivations
and attitudes, religious traits, and cultural and social background, along with geographical
variability and lifestyle [6-8].

Over time, the Romanian people have undergone various lifestyle changes by adapting
to food availability, information sources, and social status. In the early 1990s, the American
model was adopted at the same time as the country’s modernization. Fast-food products
emerged, and the number of supermarkets increased [9]. Highly processed foods with
calorie-dense content, rich in carbohydrates, lipids, flavor enhancers, and food additives,
have become popular among children and adolescents. Their popularity continues to grow
insidiously due to the lack of the population’s targeted education [10]. Subsequently to the
increase in obesity and the frequency of cardiovascular diseases, based on the development
of nutrition-related mass-media projects, healthy food has been promoted in the last years.
Consumers are urged to adopt a balanced diet to prevent food behavior disorders [11,12].
Many studies have focused on the importance of proper labelling (“low fat”, “low sugar”,
“special price”) to support consumers’ choices [13,14]. A study shows that the probability
of buying a product is higher when the price is low and the product is perceived healthier
or tastier [15]. Another study found that price discounts seem to have ambiguous effects
by promoting the purchase of healthy products, but also leading to increased calorie-dense
purchases [16]. Unfortunately, most consumers are not aware or interested in reading food
labels, depending on the social and cultural profile [17]. Many questions on what people
understand about healthy eating still need to be answered.

Adpvertising is one of the major factors influencing the purchasing behavior of the
population. Most of the TV advertising spots on food are dedicated to sweet, salty, and
fat products (approximately 89%) [18]. Besides nutrients, people also check for food
composition. An important role in choosing food products is played by the neo cortex,
emotional eating, and education as well [19].

Worldwide, food behaviors are linked with the risk of occurrence of obesity [20],
cardiovascular diseases [21], diabetes [22], respiratory disorders [23], psychiatric disor-
ders [24], and cancer [25]. The role of maternal obesity on foetal development, birth
outcomes, and child health is also recognized [26].

Romania, like many other countries, is making efforts to promote healthy eating.
In order to do that, some particular aspects determining the motivations with regard to
healthy eating should be considered and generated: like socio-demographic, cultural,
economic, emotional, and environmental factors [27]. Despite the benefits of healthy eating,
many people still prefer unhealthy food, and this indicates the need for more efficient
community interventions.

The aim of this study was to evaluate demographic data, anthropometric data, and
elements related to food behavior, as well as the Romanian people’s motivations towards
healthy eating, as the first step for further development of health policies and strategies to
improve nutritional behavior. To the best of our knowledge, this is the first Romanian study
of its kind, and it is a part of a multinational project entitled “Psycho-social motivations
associated with food choices and eating practices (EATMOT)” comprising 16 countries
(Argentina, Brazil, Croatia, Cyprus, Egypt, Greece, Hungary, Italy, Latvia, Lithuania,
Macedonia, Netherlands, Poland, Romania, Serbia, Slovenia, and The Unites States of
America).

This is a pilot study that aims to emphasize the importance of targeted education and
community intervention, based on Romanian culture, attitudes, and motivations regarding
healthy diets, and also aims to be a starting point for nutritional programs to be developed
for Romanians all over the world.
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2. Materials and Methods

This is a descriptive cross-sectional questionnaire-based study, targeted to evaluate
the Romanian people’s motivations towards healthy eating, carried out during October
2017 and March 2018. The questionnaire was developed and validated within the EATMOT
project by Ferrao et al. [6], and then it was translated into Romanian language. Our study
includes 751 Romanian participants, from different regions of the country; thus, the study is
country representative. The study was approved by the Ethics Committee of the University
of Medicine and Pharmacy, Science, and Technology “G.E. Palade” Targu Mures and was
conducted in accordance with the Helsinki Declaration.

We included only adult people, aged 18 and older, who fully completed the whole
questionnaire. Participants had to answer two sets of questions: the first set of questions
referred to demographic data, anthropometric data, and elements related to behavior and
health, and the second set referred to motivations for health. The analyzed parameters in
the first set of questions were age (we divided the population into five age categories: 18-29,
30-39, 4049, 50-59, and >60 years old), gender, weight, height, environment (urban, subur-
ban, rural), the last level of studies completed (general school, high school, college), marital
status (single, married/living together, divorced/separated, widow), current employee
status (employed, unemployed, retired, working student), field of activity /specialization
in certain areas (nutrition, food, agriculture, sports, psychology, health-related activities),
responsibility for eating, physical activity (never, sporadic, occasionally, moderate, in-
tense), hours/day spent in front of the TV or computer, own opinion about having a
healthy/balanced diet (never, rarely, sometimes, frequently, always), and the presence of
chronic disorders (cardiovascular disease, diabetes mellitus, high cholesterol, high blood
pressure, gastric disorders, intestinal disorders, obesity, or others). We calculated the BMI
in kilograms divided by the square of height in meters (kg/m?) based on the declared
weight and height. We looked for significant associations and differences among age, BMI,
and the studied parameters.

The second set of questions comprised ten items, as follows:

Q1—TI am very concerned about the hygiene and safety of the food I eat

Q2—It is important for me that my diet is low in fat

Q3—Usually, I follow a healthy and balanced diet

Q4—It is important for me that my daily diet contains a lot of vitamins and minerals
Q5—I do not avoid foods, even if they may raise my cholesterol

Q6—I try to eat foods that do not contain additives

Q7—I do not eat processed foods, because of their lower nutritional quality

Q8—It is important for me to eat food that keeps me healthy

Q9—I do not avoid foods, even if they may raise my blood glycaemia

Q10—I avoid foods with genetically modified organisms

The items included in the second set to answer all ten questions regarding health
motivations were: totally disagree, disagree, neither agree nor disagree, agree, or totally
agree. The ten questions investigated the participants’ interest in food composition (Q1,
Q6, and Q10) and healthy properties (Q2, Q3, Q4, Q5, Q7, Q8, and Q9), and together
they aimed to show the general picture regarding Romanians’ motivations for a healthy
diet. Q3 is a frequency-based question, whereas the others are attitudinal questions. Q5
and Q9 were reversed, the question referring to the healthiest attitude being on the left
(disagree), compared to the other questions, where the healthiest attitude was on the
right (agree). Because these items were measuring different things, we opted to create two
composite scales, one for food properties (Q1, Q6, and Q10) and one for health attitudes and
motivations (Q2, Q4, Q5, Q7, Q8, and Q9), leaving Q3, referring to healthy diet frequency,
to stand alone. We decided to group the questions in this manner, based on face validity
and based on the results of the previous studies [28]. In order to do the statistical analyses,
we first reversed Q5 and Q9.

We used Microsoft Excel for Mac 2011 (Microsoft Corporation, Redmond, WA, the
USA) for data collection and handling, and Graph Pad Prism demo version (Graph Pad
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Software, La Jolla, CA, the USA) and Epi Info version 7 (Centers for Disease Control and
Prevention, Atlanta, GA, USA) and SPSS Statistics v.25 for statistical analyses. We used
statistical methods to provide mean and SD for continuous variables or median and range
for discrete variables, and absolute and relative frequency counts for categorical variables.
The Student T-test and Mann-Whitney U test were used as appropriate statistical tests
to compare continuous variables between the groups (normal or non-Gaussian distribu-
tion); for correlations, we used the Pearson or the Spearman test according to variables
distribution. To establish a mean difference between several continuous variables, we used
the ANOVA test for Gaussian distributions and the Kruskal-Wallis test for non-Gaussian
distributions [29]. A p-value under 0.05 was considered statistically significant. The item
analysis was performed using the Pearson correlation coefficients, and the associations
were interpreted as not existing (r = 0), very weak (0.00 < r < 0.10), weak (0.10 < r < 0.30),
moderate (0.30 < r < 0.50), strong (0.50 < r < 0.70), very strong (0.70 < r < 1), or perfect
(r =1), according to the value of r [6]. The internal consistency of the scales was evaluated
by using Cronbach’s alpha, according to Mar6co [30], as follows: over 0.9: excellent, 0.8-0.9:
very good, 0.7-0.8: good, 0.6-0.7: medium, 0.5-0.6: reasonable, below 0.5: bad.

3. Results

The characteristics of the studied population: socio-demographic data, environment,
professional areas, physical activity, and medical history can be found in Table 1.

Table 1. Demographic, anthropometric data, and elements related to food behavior and health status
of the studied population.

Parameter N® (%)
Age (years) 751 100%
18-29 260 34.62%
30-39 128 17.04%
40-49 187 24.90%
50-59 132 17.58%
>60 44 5.86%
Gender
Female 511 68.04%
Male 240 31.96%
Education
General school 3 0.40%
High school 167 22.24%
College 581 77.36%
Environment
Urban 623 82.96%
Suburban 26 3.46%
Rural 102 13.52%
Marital status
Single 211 28.10%
Married/living together 480 63.91%
Divorced /separated 50 6.66%
Widow 10 1.33%
Employee status
Employed 542 7217%
Unemployed 31 4.13%
Retired 29 3.86%
Working student 149 19.84%
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Table 1. Cont.

Parameter N® (%)
Professional area
Nutrition 97 12.92%
Food 48 6.39%
Agriculture 13 1.73%
Sports 33 4.39%
Psychology 35 4.66%
Health-related activities 332 44.21%
Professional activity is not related to any of the above areas 269 35.82%
You are responsible for what you eat
Yes 699 93.08%
No 52 6.92%
Physical activity
Never 52 6.92%
Sporadic (<1 time/week) 253 33.69%
Occasionally (1 time/week) 229 30.49%
Moderate (2-3 times/week) 170 22.64
Intense (>3 times/week) 47 6.29%
How often do you think you are on a healthy/balanced diet?
Never 55 7.32%
Rarely 118 15.71%
Sometimes 203 27.03%
Frequently 343 45.67%
Always 32 4.26%
Chronic diseases
Cardiovascular disease 27 3.60%
Diabetes mellitus 25 3.33%
High cholesterol 47 6.26%
High blood pressure 47 6.26%
Gastric disorders 41 5.46%
Intestinal disorders 21 2.80%
Obesity 50 6.66%
Other chronic diseases 32 4.26%

(' N = number of participants.

The BMI values were calculated for the whole sample and varied between 15.05 and
43.57 kg/m?, being on average 24.59 + 4.34 kg/m?. In Table 2, we evaluated our subjects’
BMI and age in relation to the studied parameters.

We obtained a positive correlation between age and BMI, and this was also maintained
when we analyzed the two genders separately, this correlation being stronger in women.
When analyzing the marital status, we obtained statistically significant differences between
single vs. married (p < 0.0001) and between single vs. divorced (p = 0.0382), but not
between single vs. widow (p = 0.2386). A continuation of this study to include a higher
number of subjects in the widowed category is needed to confirm this result. This was
also the case of agricultural worker as a subcategory of professional activity, for which we
obtained significantly higher BMI, but the number of cases for this category was lower.

Regarding the number of hours/day spent r in front of the TV or computer, we
obtained positive correlations for both age and BMI.
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Table 2. The relationship among BMI, age, and studied parameters.

Age (years) BMI @ (kg/m?)
ﬂﬂaﬁ?“_‘e;;{) Mean + SD Mean + SD P Value @
- Min, Max Min, Max
Age ) 38.02 + 13.42 24.60 + 4.34
&¢ (years 18, 80 15.05, 43.57
22.58 + 3.67
- 4
18-29 23.18 4+ 3.27 1613, 34.47 P (;)008%2;8)
24.15 + 3.93 re=u
30-39 3438 +2.79 15.05, 40.81
25.85 + 4.38
40-49 4428 +2.86 17.82. 4357
26.75 + 4.38
50-59 52.78 +2.71 19,19, 40.40
25.88 -+ 3.60
> 60 65.38 + 4.75 18.36, 386
Gender
Female 36.60 + 12.80 23.97 + 4.43 p <0.0001 ©
18, 80 15.05, 43.57 r ) =04223
Male 41.04 + 14.21 2591 + 3.85 p = 0.0061 ©
18, 80 16.48, 40.81 r? =0.1765
22 4346 19.24 + 0.89
®
General school 18, 24 18.28,20.07 NA
High school 29.83 £12.71 23.80 +3.90 t(746) =2.792
18, 69 17.14, 39.06 — 0.0054 @
Coll 40.46 + 12.65 24.85 + 4.44 p=0
otlege 21, 80 15.05, 43.57
Environment
Uh 38.49 + 12.94 24.65 + 4.34 H(3) = 3.503
roan 18, 80 15.05, 43.57 p =0.1735 10
Suburban 38.61 + 16.31 25.36 + 4.35
18,77 18.42,35.15
Rural 35.00 + 15.16 24.00 + 4.34
18, 69 17.00, 40.40
Marital status
Single 26.72 +9.79 23.18 + 4.05 F(4) = 39.360
18, 65 15.05, 37.20 < 0.0001 00
Married/living togeth 41.44 4+ 12.01 2521 +4.39 p<b
arrie 1V1I1g oge er 18, 80 16.13, 4357
. 48.86 + 7.81 24,57 + 4.06
Divorced /separated 27, 69 18.06, 39.97
Wid 58.20 + 6.76 2493 +231
1dow 42,64 22.32,30.29
F(2, 599) = 0.026
Employee status p= 09734 (D)
Emploved 41.39 + 10.66 25.19 + 4.38
mploye 19,77 15.05, 43.57
Unemploved 33.41 4+ 10.11 25.07 -+ 4.62
cmploye 21,55 16.40, 35.23
Retired 64.20 + 7.46 25.28 4 3.37
cure 50, 80 18.36, 35, 41
) 21.61 + 3.84 2219 + 3.44
Working student 18,47 17.10, 33.56
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Table 2. Cont.

Age (years) BMI @ (kg/m?)
ﬂﬂaﬁ?“_‘e;;{) Mean + SD Mean + SD P Value @
- Min, Max Min, Max
. H(7) = 25.67
Professional area p = 0.0003 10
Nutrition 30.14 + 11.36 23.23 £3.72
i 19,55 17.09,37.20
Food 34.16 + 13.44 2423 +£5.15
00 19,77 17.04,35.23
Aericulture 37.77 £17.81 28.62 £ 6.13
8 20,77 18.36, 39.06
Sports 30.18 £9.93 23.74 £ 2.67
P 18,52 18.33,29.45
Psvehol 35.80 £+ 14.27 23.22 £391
sychology 19, 69 17.10, 37.63
R 40.58 £+ 12.68 2497 £4.14
Health-related activities 18, 80 17.00, 43.57
Professional activity is not 38.23 + 13.66 24.61 +4.54
related to any of the above areas 18,74 15.05, 40.81
. U =16,780
You are responsible for what you eat p=0.3430 12
Yo 37.97 +£13.36 24.56 + 4.36
es 18,80 15.05, 43.57
N 38.63 + 14.34 25.01 + 4.07
© 18, 66 17.10, 35.23
Physical activity
39.00 + 11.33 23.90 + 4.69
Never 21,63 16.40, 40.81 Hf% ;962'(1)9(?3
Sporadic (<1 time/week) 40.57 +12.89 25.10 £ 4.65 p=0
poradic e/wee 18, 69 16.13, 43.57
. . 36.35 + 13.92 2457 +4.42
Occasionally (1 time/week) 18, 80 15.05, 39.06
. 36.75 £ 13.50 2411 £3.79
Moderate (2-3 times/week) 18, 74 17.00, 37.24
. 35.93 £+ 13.92 24.39 + 3.51
Intense (>3 times/week) 19, 80 18.33, 32.43
p <0.0001 @
Hours/day spent watching TV 481 +3.17 ) =0.1540
or in front of the computer 2,20 p=0.001 @)
¥ ) =0.1202
How often do you think you are on a healthy/balanced diet? ;I£4()) ;010971(1606)

Never 37.47 £12.14 25.03 + 4.34
18, 58 16.90, 40.40

Rarely 37.91 £13.18 25.77 + 5.48
18,77 16.40, 43.57

Sometimes 35.20 £ 12.18 25.04 + 4.36
18, 65 17.04, 39.06

Frequently 39.81 £ 13.85 24.07 + 3.79
18,74 16.13, 37.20

Always 38.03 £+ 16.58 2226 + 3.46
19, 80 15.05,29.21
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Table 2. Cont.

Age (years) BMI @ (kg/m?)

aﬂaﬁ?“_‘e;;{) Mean + SD Mean + SD P Value @

- Min, Max Min, Max
Chronic disease N.P. 12

Cardi lar di 57.25 +12.15 26.12 +4.53
aralovascular disease 32, 80 1836, 3724
. . 4540 + 13.51 28.54 + 5.46
Diabetes mellitus 20, 64 2076, 40.40
. 51.72 +£12.26 27.17 £ 4.57
High cholesterol 24,77 20,06, 37.63
. 48.82 +15.29 28.52 +5.43
High blood pressure 19, 80 19.19, 43.57
Gastric disorders 38.00 £+ 13.68 24.97 +5.02
19, 64 15.05, 35.05
Intestinal disord 39.71 £ 13.65 23.90 + 3.97
ntestinal disorders 19, 61 16.48, 3123
Obesit 43.60 £ 1291 32.30 £ 4.17
sty 19,77 29.74,43.57
. 4143 +£11.31 2487 £4.24
Other chronic diseases 19, 65 15.05, 35.23

(' N = number of participants; @ BMI = body mass index; (O] p < 0.05 is considered significant; @ Spearman
test; © Spearman correlation; (6) Pearson test; ) r = Pearson correlation; ® NA = not applicable; this group
was excluded from the analysis due to low number of cases; ) T-test; 19 Kruskal-Wallis test; 1) ANOVA test;
(12) Mann-Whitney test; r* = correlation between hours/day spent watching TV or in front of the computer and
age; 1¥ = correlation between hours/day spent watching TV or in front of the computer and BMI; (2 N.P. = not
performed, because it is not relevant for the current research to compare BMI according to different pathologies
(obesity is included, and there are subjects with more than one of the conditions asked).

We obtained no significant associations among BMI, environment, current professional
activity, responsibility for eating, and physical activity.

We displayed in Table 3 the results of participants” answers to questions regarding
motivations towards healthy eating.

Table 3. Results of options regarding the motivations for health.

Question 1 2 3 4 5
n (%) n (%) n (%) n (%) n (%)

Q1 6 (0.80%) 20 (2.66%) 123 (16.38%) 300 (39.95%) 302 (40.21%)
Q2 28 (3.73%) 125 (16.64%) 274 (36.48%) 188 (25.03%) 136 (18.11%)
Q3 9 (1.20%) 49 (6.52%) 174 (23.17%) 333 (44.34%) 186 (24.77%)
Q4 8 (1.07%) 22 (2.93%) 160 (21.30%) 290 (38.62%) 271 (36.09%)
Q5 53 (7.06%) 125 (16.64%) 186 (24.77%) 257 (34.22%) 130 (17.31%)
Q6 16 (2.13%) 46 (6.13%) 181 (24.10%) 361 (48.07%) 147 (19.57%)
Q7 22 (2.93%) 147 (19.57) 212 (28.23%) 251 (33.42%) 119 (15.85%)
Q8 6 (0.80%) 19 (2.53%) 100 (13.32%) 286 (38.08%) 340 (45.27%)
Q9 54 (7.19%) 188 (25.03%) 197 (26.23%) 259 (34.49%) 53 (7.06%)

Q10 45 (5.99%) 65 (8.66%) 188 (25.03%) 189 (25.17%) 264 (35.15%)

1—totally disagree, 2—disagree, 3—neither agree nor disagree, 4—agree, 5—totally agree.

Except for Q2, where the highest percentage was obtained for the item “neither agree
nor disagree”, for the other questions, the highest percentage was registered for items
“agree” and “totally agree”.

Table 4 shows item—item correlations for the group of questions investigating partici-
pants’ attitudes toward food properties. The results indicate moderate correlations. The
value of Cronbach alpha was 0.689, which is a medium value, based on which we accepted
all three questions in composite scale for food properties.
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Table 4. Ttem-item correlations for the composite scale investigating food properties (.

Item Q1 Q6 Q10
Q1 1.000

Q6 0.434 ** 1.000

Q10 0.410 ** 0.430 ** 1.000

() Cronbach alpha = 0.689, ** Correlation is significant at the 0.01 level (2-tailed).

Table 5 shows item-item correlations for the group of questions investigating health
attitudes and motivations. Because of the negative, very weak, and weak associations
between the reversed Q5 and Q2, Q4, and Q7, between Q7 and Q4 and Q5R, and between
the reversed Q9 and Q2, Q4, Q5R, Q7, and Q8, we considered eliminating Q5, Q7, and Q9.
Q5 and Q9 are negative questions, and the answers were probably inconsistent due to the
participants’ lack of attention.

Table 5. Item—item correlations for the composite scale investigating health status and motivations (.

Item Q2 Q4 Q5R @ Q7 Q8 Q9R @
Q2 1.000
Q4 0.357 ** 1.000
Q5R@ —0251*  —0.182* 1.000
Q7 —0.021 0.230 ** 0.255 ** 1.000
Q8 0.341 ** 0.656 ** —0.133 ** 0.320 ** 1.000
QIR®) 0.150 ** 0.108 ** 0.259 ** 0.040 0.144 ** 1.000

@ Cronbach alpha = 0.517; @ Q5R = reversed Q5; () O9R = reversed Q9, ** Correlation is significant at the 0.01
level (2-tailed).

When eliminating these three questions, the Cronbach alpha increased to 0.712, which
was interpreted as a good value.

The associations between composite scale for food properties, refined scale for health
attitudes, reported dietary behavior (Q3), and investigated variables (p values) are shown
in Table 6.

With aging, there was an increasing concern for a healthy and balanced diet, but this
was not reflected when analyzing food properties in relation to age, perhaps because of lack
of knowledge, especially for Q10. However, there was a positive correlation between aging
and the three studied dimensions (for food properties and aging r = 0.1408, p = 0.0001; for
health attitudes and aging r = 0.1643, p = 0.0001; for dietary behavior and aging r = 0.1490,
p =0.0001). The age category of 18-29 was the most interested in food properties, although
this was statistically not significant. The age category > 60 was the most concerned age
group about their health and a healthy and balanced diet compared to the other four
age groups. The low number of subjects included in the age category > 60 (N = 44)
was a limitation of our study, and our results should be confirmed by including a larger
population in the study. Women answered more with “agree” and “totally agree” to health
attitudes and dietary behavior (Q3) questions than men. Regarding food properties, there
was no difference between men and women.

We obtained significantly more “agree” and “totally agree” answers for item Q3 in the
case of participants who came from urban environments. For composite scale investigating
food properties and health attitudes, respondents from urban environments answered
more with “agree” and “totally agree”, even if this was statistically not significant.

College education level was significantly associated with health motivations for items
investigating health attitudes (college education 52.84% vs. high school 39.52%) and dietary
behavior (college education 48.02% vs. high school 31.14%). Even if this was statistically not
significant, persons with a college education were more preoccupied with food properties
than the persons belonging to the other educational groups.

There were no correlations between BMI, food properties, and attitudes toward health.
For Q3, there was a weak negative correlation with BMIL.
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Table 6. Associations between food properties, health attitudes, and reported dietary behavior related to the investigated

variables (p-value ).

Parameter Food Properties Health Attitudes Dietary Behavior
Age @ X2(16, N = 751) = 26.03 X2(16, N = 751) = 26.60 X2(16, N = 751) = 28.57
8 p =0.0535 p = 0.0353 p =0.0270
Gender @ X2(4,N = 751) = 2.8726 X2(4,N =751) = 11.07 X2(4,N =751) = 13.47
p=05794 p =0.0258 p =0.0092
Environment @ X2(8, N = 751) = 13.05 X2(8, N = 751) = 13.08 X2(8, N = 751) = 15.53
p =0.1099 p=0.109 p =0.0496
. X2 (8, N =751) = 4.42 X2(8,N =751) = 16.18 X2(8, N = 751) = 33.89
@ . , ,
Education level p=08174 p =0.0399 p = 0.0000
BMILO) r=0.0261 r=0.0683 r=—0.0038
p=0.4738 p=0.0612 p=0292
) . X2 (16, N = 751) = 43.27 X2 (16, N = 751) = 33.13 X2 (16, N = 751) = 52.06
[¥) , , ,
Physical activity p =0.0003 p =0.0071 p = 0.0000
) @ r=—0.0337 r=0.0901 r=0.0230
Hours/day watching TV/PC p = 03551 p=00134 p = 05291
. . X2 (4,N=751) = 4.14 X2 (4, N =751) = 15.01 X2(4, N = 751) = 6.84
) y , 7
Cardiovascular disease p = 0.3869 p = 0.0047 p=0.1445
. . X2 (4,N =751) = 2.40 X2 (4,N =751) = 2.55 X2 (4,N =751)=0.86
@ . 2 ,
Diabetes mellitus p= 06618 p = 0.6345 p = 0.9300
. X2 (4,N =751) = 0.67 X2 (4, N =751) = 4.59 X2 (4,N =751) =137
) / s 4
High cholesterol p =0.9546 p=03315 p=0.8488
) X2 (4,N =751) =5.56 X2 (4,N =751)=3.86 X2 (4,N =751) = 2.96
) , , ,
High blood pressure p=0.2340 p = 04240 p=05632
o X2 (4,N =751) = 13.85 X2 (4,N =751) =11.85 X2 (4,N =751) = 16.15
@ , 2 ’
Gastric disorders p = 0.0078 p = 0.0185 p=0.0028
. . X2 (4,N =751)=9.95 X2 (4,N =751) = 6.98 X2 (4,N =751) = 8.01
2 , 7 ,
Intestinal disorders p=00411 p=0.1366 p=0.0911
Obesity @ X2 (4, N =751) = 3.09 X2 (4,N =751) = 4.45 X2 (4, N = 751) = 26.47
ty p=0.5416 p =0.3485 p = 0.0000
Other @ X* (4, N =751) =3.86 X2 (4, N =751) = 6.90 X2 (4,N = 751) = 10.85
p = 0.4240 p =0.4100 p =0.8863

(M p < 0.05 was considered significant; @ Chi square test for n x m table; ® Spearman test.

Most of the respondents practicing occasional and moderate physical activity an-
swered agree or totally agree for all three investigated dimensions.

TV /computer hours were not correlated with food properties, healthy attitudes (very
weak correlation r = 0.0901), or dietary behavior.

People with cardiovascular disorders were more often preoccupied with a healthy
diet (92.59% of those who reported cardiovascular disorders answered “agree” and “totally
agree” to the questions investigating health attitude). Although statistically not significant,
people with cardiovascular disorders answered more often “agree” and “totally agree” for
both composite scales: food properties and dietary behavior (Q3). Of those who reported
cardiovascular diseases, 7.41% also reported hypercholesterolemia.

People reporting gastric disorders were preoccupied with all three studied dimensions,
and those having intestinal disorders were especially concerned about food properties.
This finding is not maintained for composite scales investigating health attitudes and
dietary behavior, where the individuals without intestinal disorders are more concerned
about healthier choices, although statistically not significant.

Persons who reported obesity show a lack of interest regarding all three investigated
dimensions, which was significant for reported dietary behavior and not significant for
food properties or heath attitudes. We did not interpret the category including other
disorders because of the low number of subjects in this group.

We found a significant relationship (p = 0.0000) between reported dietary behavior and
health attitudes: 224 subjects answered “agree” and 116 subjects answered “totally agree”
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for both composite scale investigating health attitudes and for Q3, investigating dietary
behavior. Analyzing the different age groups, we obtained the following percentages,
showing the concordance in responses “agree” and “totally agree” for these two dimensions:
36.53% for the age category 18-29 years old, 46.87% for the age category 30-39 years old,
50.80% for the age category 40-49 years old, 48.48% for the age category 50-59 years old,
and 59.09% for the age category >60 years old. In other words, with aging, participants’
answers are consistent with healthier choices.

4. Discussion

Modern lifestyle induces harmful behavior regarding eating and physical activity [31].
Altered behaviors are a growing problem in Romania, such as in other countries. Obesity
is one important disease associated with unhealthy eating behaviors, and the fact that
Romania is a middle-income country can contribute to the obesity epidemic spreading [32].
As our results indicated, obesity was the most frequent health problem reported by the
participants in this study (6.66%). Since we have already shown a significant positive
association between BMI and glycaemia in the age category older than 22 [33], we consider
it appropriate to evaluate the BMI in relation to demographic, anthropometric data, and
elements related to behavior and health. Similar to the results of Abdella et al. [34], age
positively correlated to BMI. We also demonstrated a positive correlation among BMI, age
and the number of hours spent in front of the TV or computer. In their study, Martinez-
Moya et al. [35] proved that the number of hours spent watching television and lower
physical activity were significantly associated with a higher BMI in young adults [35].
Other studies showed that an increased screen time spent was significantly associated with
the risk of obesity, but not the physical activity level [36], and watching television is the
leading sedentary activity in association with obesity [37]. This relation was also found in
children; according to Golshevsky et al. [38], higher BMI was associated with more hours
spent watching television, and less time spent in organized sports activities. The increased
number of hours spent in front of the TV with aging can be related to life cycle changes.
When we separately analyzed the relationships between the two genders, the correlation
was stronger for women, possibly because of the hormonal changes related to aging. When
comparing the BMI between the two genders, women had lower mean BMI values than
men (23.97 vs. 25.91), possibly because women’s mean age was lower than men’s (36.6 vs.
41.04).

Many studies emphasized the role of education in BMI control [39,40]. However,
we obtained higher BMI values for the group with college education compared to the
group with high school. Some explanations for this finding could be easy access to college
education and the lack of physical activity. On the other hand, the group with a college
education has the highest mean age, so the BMI can be attributed to aging. Strategies
to improve knowledge about healthy eating must be developed to have a better weight
control and focus on different age categories.

There was no correlation between the environment and BMI, and this is quite normal
considering the people’s migration and easy access to information regardless of the native
environment.

The marital status also influenced the BMI, married persons having higher BMI values
compared to single persons. This is in concordance with the results of other studies [41,42].
It is unclear how marital status affects BMI, probably by changing the body weight-related
perceptions and eating behaviors [42]. Some studies indicated that increased BMI affects
the status of the employee because of health problems or because it decreases the chances to
be employed [43,44]. We did not find BMI differences between employed and unemployed
participants, probably because in Romania many young adults prefer not to work because
of low income, and they benefit from social assistance (33.41 vs. 41.39 years).

Normally, professional activity is associated with different knowledge regarding
health and with different physical activity level. The highest mean BMI value was obtained
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for those working in agriculture, but the result is debatable due to the small number of
subjects in this group.

Even if we did not find a statistical difference for BMI between the different categories
of physical activity, we must notice that the mean age of subjects performing intense and
moderate physical activity is lower than in those with no or sporadic physical activity. This
is a good aspect, showing the concern of younger adults for their health. Many studies
showed the benefits of physical activity upon health, associated with a decreased risk of
cardiovascular events [45] and better control of blood glucose level [46]. Carraga et al. [47],
in their recent study, identified a behavioral pattern showing that adults who are not
interested in physical activity are women, have a higher BMI, have been less educated, and
are unemployed. Their eating habits are more likely to be less healthy, and they perceive
more barriers when it comes to physical activity [47]. Another study shows that barriers to
healthy eating and/or physical activity significantly influenced BMI, the level of physical
activity, stress, and fruit and vegetable intake [48].

Consumers’ beliefs and knowledge about healthy foods are variable. A food is
considered healthy in general if it is low in total fats and saturated fats, and meets certain
requirements regarding cholesterol and certain vitamins or minerals content [2,49,50]. In
his study, Lusk identifies four categories on how healthy food should be defined: based on
food nutrients, the entire composition of the food, nutrients from the whole diet, and based
on holistic consumption patterns, and the respondents were almost equally distributed
among these categories [28].

The fact that a person has adequate knowledge and answers the questions accordingly,
does not always mean that this knowledge is applied in everyday life. In a study, the
participants showed adequate nutrition knowledge, but eating behavior was strongly
influenced by social and physical environmental factors [51]. Mete et al. [52] underline
the role of social media in improving healthy food choices by promoting healthy eating
information.

This is the motivation for our analysis of the questions in three dimensions—food
properties, health attitudes, and separately the general question for dietary behavior (Q3).
Looking at food properties (hygiene, additives, and genetically modified organisms) in
relationship with the studied parameters, we can see that more physically active people
and those having gastric and intestinal disorders were more preoccupied with these
parameters. The associations were also statistically significant between physical activity,
health attitudes, and dietary behavior (Q3), indicating that these people were concerned
and motivated to maintain their health. Genetically modified food is a controversial subject
and involves important knowledge [53]. People with gastric and intestinal disorders relate
food properties to their disease. We assume that this is why they were more preoccupied
with healthy diets compared with other people suffering from other pathologies.

With aging, people were more preoccupied with making healthier choices (significant
associations between age and refined composite scales regarding health attitudes and Q3),
probably because of changes related to aging and occurring pathologies. This is similar
to the results of Whitelock et al. [54], where the participants described efforts focusing on
avoiding foods high in fats and sugar content. More women than men had perceptions
compliant with a healthy diet, possibly because they have better nutritional knowledge
and interest for it [27,55,56].

We obtained significantly more answers compliant with a healthy and balanced diet
in general for urban areas. However, this difference was not maintained concerning food
properties and health attitudes. This can be due to an increased general interest in a healthy
diet that is not translated into specific choices. Education level is essential in connection
with BMI and various metabolic diseases [40,57]. As expected, we obtained more correct
answers in the college group regarding healthy diet and fat, vitamins, and minerals content,
but these answers were not reflected in the case of a lower BMI.

In one study about the perception of healthy eating in Romania, it was shown that
tradition is very much related to eating behavior, and was correlated with BMI [31]. Lotrean
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et al. [58] performed a study among Romanian students and revealed three main dietary
structures: two of them protective against becoming overweight, but different regarding
physical activity, and the third one (fast food diet) associated with higher BMI and lack of
daily physical activity [58]. We believe that people have somewhat imbalanced attitudes
about food and healthy eating, which could significantly affect the transposition of beliefs,
knowledge about healthy eating, and attitudes into behavior. The study subjects having
different disorders showed lack of interest regarding healthy eating choices, which can be
a contributing key factor to the evolution of their diseases.

According to Nagata et al., after a seven-year follow-up of young adults with over-
weight/obesity and unhealthy weight control behaviors at baseline, they still had higher
BMI than those without unhealthy weight control behaviors [59].

We found a significant association between health attitudes and cardiovascular disor-
ders, which is logical. People with cardiovascular diseases are more preoccupied to have a
particularly low-fat diet.

Traditionally, recommendations were made for individual nutrients consumption
such as saturated fats, sugar, sodium, and cholesterol in the diet, because they are usually
over-consumed by many people and are linked to the development of chronic diseases.
These can also lead to erroneous effects [60-62]. One controversial topic was the association
between saturated fats and cardiovascular diseases without considering substitute nutrients
and cholesterol, and another one is the association between cholesterol and cardiovascular
diseases, which is confused with the intake of saturated fats [63]. The contemporary
dietary guide recommends healthy dietary models, with an emphasis on food-based
recommendations. The diet as a whole, meaning the combinations and the amounts of
food (nutrients) we eat daily, is an essential determinant of health [63].

Our study has some limitations because of gender differences (more women than men)
and low number of participants in some categories (e.g., agriculture as a field of activity,
age group > 60 years old). Additionally, the participants were not from all counties of the
country, so the study is not 100% country representative. We calculated the BMI based on
the self-reported values for weight and height, so some bias occurred.

We showed that with aging, people were more preoccupied with making healthier
choices. However, it is not only the occurrence of various diseases that should make people
aware of healthier choices. Hence, there is a need for an intensive national strategy for
health motivations. According to age groups, this strategy should be addressed differently,
knowing that radical changes in lifestyle are difficult to accept with age. Another important
aspect is the translation of information about healthy choices into real choices. According
to our findings, obesity was the most frequent health problem reported by the participants
in this study, and despite our expectations, we obtained higher BMI values for the college
education group, although they chose the correct answers for their health when asked.
This indicates the need for a long-term strategy to motivate people to make healthy eating
choices, starting with children and involving also their families [58].

5. Conclusions

We obtained a positive correlation between demographic parameters and the BMI
in the Romanian population; also their healthy food behaviors were stronger for women.
The number of hours/day spent watching TV or in front of the computer was positively
correlated with age and BMI. The higher education level was significantly associated with
healthier choices regarding nutrition practices and motivations. Regarding the associations
between the sociodemographic characteristics and different disorders, we observed that
the subjects with cardiovascular disorders were more preoccupied with healthier diets in
most cases.

Nutritionists, specialists in medicine, and food stakeholders should promote healthy
diets through adequate sources of information aimed at target groups. They should develop
a more efficient strategy to motivate people to make healthy eating choices and improve
Romanian food behavior.
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Abstract: Healthy food choices are crucial for a healthy lifestyle. However, food choices are complex
and affected by various factors. Understanding the determinant factors affecting food choices could
aid policy-makers in designing better strategies to promote healthy food choices in the general public.
This study aims to evaluate the food choice motivations and to segment consumer groups, according
to their food choice motivations, in a sample of 531 Italian consumers (collected by convenience
sampling), through offline and online survey platforms. K-means cluster analysis was applied to
identify consumer groups using six food choice motivation categories (health, emotional, economic
and availability, social and cultural, environmental and political, and marketing and commercial).
The results suggest that the strongest determinants for the food choices of Italian consumers are
Environmental factors and Health. Two consumer profiles were identified through the segmentation
analysis: Emotional eating and Health-driven consumers. The respondents were found to have
a good awareness of what comprises a healthy diet. There is a potential market for healthy and
sustainable food products, especially products with minimal or environmentally friendly packages.
Food labels and information strategies could be promoted as tools to assist consumers to make
healthy food choices.

Keywords: food choices; eating determinants; healthy diet; emotions

1. Introduction

The food that we consume affects our future health. Diet-related non-communicable
diseases (NCDs), such as obesity, type 2 diabetes, cardiovascular disease, hypertension,
stroke, and some types of cancer, have been increasingly causing health problems in both
developing and developed countries [1,2]. Policy-makers have been trying to introduce
several different tools to encourage populations to consume healthier foods and reduce
their intake of unhealthy foods, through initiatives such as nutritional education programs
and fiscal programs (i.e., sugar drink taxes), among others. Despite these attempts, obesity
has greatly risen in the past two decades, even in countries where the rates have been
historically low, such as Italy [3].

In Italy, obesity among adults increased from 9% in 2003 to 11% in 2017. Although
obesity in adult remained below than the EU average (15%), nearly one in five 15-year-olds
in Italy (18%) were overweight or obese in 2013-2014, a share close to the EU average [4].
This raised public policy concern, as excess weight among children and adolescents could
affect the population’s health in the long run. In order to design appropriate policy tools
to increase healthy eating, the motivation behind food choices should be understood
and defined.
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Food choices are complex and are affected by a combination of various factors, includ-
ing biological determinants (e.g., hunger, appetite, and taste), psychological determinants
(e.g., mood, stress, and guilt), physiological determinants (e.g., access, education, and time),
social determinants (e.g., culture, family, and peers), and economic determinants (e.g.,
cost, income, and availability). Attitudes, beliefs, and knowledge about food also have
an influence on food choices [5]. However, these factors could affect people differently,
depending upon their context, personality, social groups, and socio-cultural position.

In the literature it has been discussed that health, mood, convenience, price, famil-
iarity, social norms, natural and ethical concerns, and taste are prime issues considered
by consumers when making food choices [6-10]. Eertmans et al. (2006) conducted a sur-
vey using the food choice questionnaire (FCQ) in different countries and found that in
Italy, health and nature content, convenience and mood were the most important issues
Italian consumer concerned in making their food choices [11]. Guiné et al. (2019) studied
food choice determinants in Mediterranean countries and found that, in Italy, the food
choices were influenced by environmental and political motivation, following by health
and emotional reasons [12].

In order to determine the eating patterns of individuals in relation to their choices,
particularly in the Mediterranean region, a large project entitled “Psycho-social motivations
associated with food choices and eating practices” (EATMOT) was carried out. In this
framework, a questionnaire was developed to define food choices, according to six types of
conditioning motivations (health, emotional, economic and availability, social and culture,
environment and politics, and marketing and commercial) [12]. This study was part of
the project and its purpose was twofold: (1) To evaluate the food choice motivations in
a sample in Italy; and (2) to segment consumer groups and provide consumer profiling,
according to their food choice motivations.

2. Materials and Methods
2.1. Questionnaire

A questionnaire was developed specifically for the EATMOT project by the Center for
Education, Technology and Health Studies (CI & DETS Research Center) in Portugal [13].
The questionnaire was prepared in English, then translated into Portuguese for the pre-test
and validation of the questionnaire before the actual survey was carried out in 16 countries.
The initial scale validity and internal reliability of the questionnaire were assessed only
in Portugal (i.e., for the Portuguese version; see details in [13]). After validation, the
questionnaire was modified and subsequently translated into English. The final version of
the questionnaire was translated into Italian, following a back-translation methodology
for validation [14]. During the translation process, the questions were slightly adjusted, in
order to be more coherent with Italian culture, while the original meanings were retained.
The questionnaire structure included five sections: Part 1—Socio-demographic data; Part
2—Anthropometric data and behavioral- and health-related elements; Part 3—Attitudes
relating to healthy food; Part 4—Sources of information about a healthy diet; and Part
5—Food choice motivations (M1: Healthy motivations, M2: Emotional motivations, M3:
Economic and availability motivations, M4: Social and cultural motivations, M5: Environ-
mental and political motivations, and M6: Marketing and commercial motivations). The
individual items and type of scale for all measures are provided in Appendix A (Table AT).

The questionnaire comprised both closed- and open-ended questions. In the percep-
tion of healthy eating and the food choice motivation sections, respondents were asked
to give their opinion toward statements according to a 5-point Likert-like scale, ranging
from 1 (Strongly disagree) to 5 (Strongly agree); while in the sources of information section,
participants were asked to indicate the frequency at which they found information about
healthy diets from different sources, on a scale from 1 (Never) to 5 (Always).
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2.2. Data Collection

The questionnaire was administered both offline and online (Google forms) using
a convenience sample of the Italian population through the personal connections of the
authors. The online survey link was distributed through personal emails. Offline data
collection was conducted in the North and Central parts of Italy. The interviews were
carried out face-to-face with randomly selected consumers in different parts of the town
(e.g., grocery stores and supermarkets) by experienced researchers/graduate students
under the supervision of the authors of this paper. Data was collected between January
and September 2017. The target respondents were adults aged over 18 years old, who
voluntarily provided their consent to participate in the study.

All ethical procedures were strictly followed when designing and applying the ques-
tionnaire, and it was ensured that the data provided were kept strictly confidential (i.e.,
such that no individual response could ever be associated with the respondent). The
study was conducted in accordance with the Declaration of Helsinki and the protocol was
approved by the Ethics Committee of Polytechnic Institute of Viseu (reference n® 04/2017);
furthermore, national and international protocols for research on humans were followed.

In total, 585 individuals participated in the survey. Through the validation process (i.e.,
elimination of incomplete questionnaires, leaving out outliers, and replacing invalid values
with the mean), 531 questionnaires were considered valid and used in data analysis phase.

2.3. Data Analysis

Data were analyzed through both univariate and multivariate techniques using the
IBM SPSS 26.0 software. A basic descriptive approach was used to describe Italian consumer
characteristics, in terms of socio-demographics, anthropometrics, health-related behaviors,
and information sources about healthy diets, including perceptions about healthy eating.
Body mass index (BMI) was calculated using self-reported height (m) and weight (kg) data.
The BMI results were classified according to International Classification Standards [15], as
follows: underweight (BMI < 18.50 kg/ mz), normal weight (18.50 < BMI < 24.99 kg/ mz),
overweight (25.00 < BMI < 29.99 kg/m?), and obese (BMI > 30.00 kg/m?).

In the food choice motivations section, the median, mean, and standard deviation (SD)
values of each item were calculated. Note that, to calculate the global scores, the inverted
scores of M1.5 (“There are some foods that I consume regularly even if they may raise my
cholesterol”), M1.9 (“There are some foods that I consume regularly even if they may raise
my blood glycaemia”), M4.5 (“I prefer to eat alone”), M6.1 (“When I buy food I usually do
not care about the marketing campaigns happening in the shop”), and M6.4 (“When I go
shopping I prefer to read food labels instead of believing in advertising campaigns”) were
used, as they were negative questions (according to the motivations). Hence, the higher
the global score, the stronger the influence of the motivations on food choices.

Consumer groups were identified using data of the food choice motivations section.
Cronbach'’s alpha was used to test the internal validity of the 49 food motivation items
(Cronbach’s & = 0.755). Then, all 49 items from the six food choice motivations were used for
consumer segmentation (10 healthy items, 9 emotional items, 7 economic and availability
items, 9 social and cultural items, 7 environmental and political items, and 7 marketing
and commercial items). First, Hierarchical cluster analysis (HCA) with Squared Euclidean
distances and Ward’s method was applied to the items, in order to define the optimum
number of clusters. The agglomeration schedule suggested that 2 clusters were suitable
for the collected data. Then, K-mean cluster analysis was applied to identify the final
clusters. Finally, the resulting clusters were evaluated, according to socio-demographics,
anthropometrics, health-related behaviors, information sources, and perception about
healthy eating, using the Pearson Chi-square, Student t-tests, and Mann—-Whitney U test
for independent samples.

99



Foods 2021, 10, 318

3. Results
3.1. Sample Characteristics
3.1.1. Socio-Demographic and Anthropometric Data and Behavioral and Health Aspects

The sample included 531 Italian participants, of whom 65% were female. Their
age ranged from 18 to 75 years, with a large group of respondents aged between 35 and
44 years old (27.7%), followed by respondents aged between 25 and 34 (23.9%). The average
age was 42 years (SD = 13.47). The majority of respondents were higher educated and held
a university degree (50%), while 45% possessed a secondary school diploma and around
5% of respondents had completed primary school. In terms of residences, 61% of the
respondents lived in urban areas, 29% lived in suburban areas, and 10% lived in rural areas.
Considering their civil status, 66% of respondents were married/living together, while
26% were single, 6% were divorced or separated, and 2% were widowed. The majority of
respondents were employed (56%), while 19% were housewives, 9% were retired, 6% were
unemployed, 6% were students, and 4% were working students. Most respondents were
responsible for buying food for their household (85%).

Based on the self-reported weight and height, the majority of respondents were
of normal weight (63.8%), whereas overweight and obese individuals comprised 24.5%
and 5.8% of the study sample, respectively. Two hundred responders (37.7%) described
themselves as being physically active, 54.8% of the sample declared having a healthy diet,
and 76% of responders were not dieting or following a particular dietary regimen. A total
of 72.3% of participants declared not having chronic diseases, while only a few suffered
from allergies and/or intolerances (16.6%) or experienced eating disorders (9.2%).

3.1.2. Information Sources

Respondents were asked to indicate the frequency at which they found information
about eating a healthy diet from different sources of information. They frequently used the
internet and magazines, books and newspapers, and sometimes family or friends, televi-
sion, and doctors. They found information at school or on the radio sporadically (Table 1).

Table 1. Sources of information for the total sample (1 = 531).

Source of Information Median Mean SD
Internet 4 343 1.07

Magazines, books, newspapers 4 3.41 0.93
Family, friends 3 3.13 0.87
Television 3 2.84 1.03

doctor (Generd Practtioner, G . 267 11
School 2 2.45 1.15

Radio 2 2.33 1.01

Note: Respondents were asked to indicate the frequency at which they found information about eating a healthy
diet, on the following scale: 1 = never, 2 = sporadically, 3 = sometimes, 4 = frequently, 5 = always.

3.2. Perceptions about Healthy Eating

The median and average scores of the respondent’s perceptions about healthy eating
are displayed in Table 2 and Figure 1. Almost all respondents strongly agreed that a
healthy diet should be balanced, varied, complete, and should include fruit and vegeta-
bles. They also agreed that it is important to eat everything, although in small quantities.
Disagreement was observed for inverted questions related to totally avoiding sugary and
fatty products and having cravings for sweets, for some people. For questions related
to the price of a healthy diet, the value of tradition for healthy patterns, a healthy diet
being based on calorie count, or organically produced foods being healthier than their
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conventional counterparts, the responders neither agreed nor disagreed; in fact, their scores
were quite variable.

Table 2. Perceptions about healthy eating (1 = 531).

Statement Median Mean SD
P4 A healthy diet should be balanced, varied and complete 5 4.66 0.73
P3 Fruit and vegetables are very important to healthy eating 5 4.65 0.70
P5 We can eat everything, as long as it is in small quantities 4 3.44 1.03
P9 I believe that organically produced food is healthier 3 3.20 1.11
P1 A healthy diet is based on calorie count 3 2.95 1.02
P8 I believe that tradition is very important to a healthy diet 3 2.82 0.95
P6 Ibelieve that a healthy diet is not cheap 3 2.70 1.13
P2 We should never consume sugary products 2 2.55 111
P.10 We should never consume fat products 2 2.38 0.97
P7 In my opinion, it is strange that some people have cravings for sweets 2 2.25 0.92

Note: Respondents were asked to indicate their opinion on the statements, based on a 5-point semantic scale: 1 = strongly disagree,
2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = strongly agree.
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Perception toward healthy diet

Figure 1. Box plot showing perception scores toward healthy diet (1 = strongly disagree, 2 = disagree, 3 = neither agree nor
disagree, 4 = agree, 5 = strongly agree).

We tested the correlations between the different variables recorded in Part 2 of the
questionnaire and perceptions toward healthy eating. The following results are those that
were correlated and differed among groups at a significance level of 95%. A Kruskal-Wallis
test provided strong evidence of a difference (H = 9.866, p = 0.02, df = 3) among the BMI
classes toward the statement “A healthy diet should be balanced, varied and complete”.
The Dunn-Bonferroni post-hoc method was carried out. Normal weight respondents rated
the highest score for this statement, and there was evidence that it was significantly higher
than those of obese (p = 0.05) and underweight (p = 0.015) respondents, which indicates
that this statement could be key to staying healthy and maintaining a normal weight.
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Underweight respondents rated the statement “We can eat everything, as long as it is in
small quantities” significantly lower than normal weight (p = 0.013), overweight (p = 0.007),
and obese (p = 0.002) respondents. Underweight respondents also rated the statement
“We should never consume fat products” significantly lower than overweight (p = 0.028)
and obese (p = 0.008) respondents. These results meant that underweight respondents
were very concerned about the types of food they consumed, but they disagreed that fatty
products should be avoided, while overweight and obese respondents were very concerned
about consuming fatty products.

The Mann-Whitney U-test was used to assess the following relations. Respondents
who stated that they frequently /always followed a healthy diet scored the statements “Fruit
and vegetables are very important to healthy eating” (z = —2.998, p = 0.003) and “A healthy
diet should be balanced, varied and complete” (z = —3.193, p = 0.001) significantly higher
than those who reported that they did not follow a healthy diet. Respondents who stated
that they moderately/intensively did physical activities scored the statement “A healthy
diet should be balanced, varied and complete” significantly higher than those who did not
(z=—2.597, p = 0.009). Respondents who had chronic diseases scored significantly higher
than those who had not on the statements “We should never consume sugary products”
(z = —2.225,p = 0.026) and “We should never consume fat products” (z = —2.956, p = 0.003),
indicating that chronic disease affects the perception of a healthy diet. Respondents who
had experienced an eating disorder scored the statement “In my opinion, it is strange that
some people have cravings for sweets” significantly lower than those who had never expe-
rienced one (z = —2.088, p = 0.037), showing that, for those who had ever experienced an
eating disorder, cravings for sweets were normal. Respondents who followed a voluntary
food regimen rated the following statements lower than those who did not follow any
food regimen: “We should never consume sugary products” (z = —4.931, p < 0.001), “We
should never consume fat products” (z = —3.143, p = 0.002), and “I believe that organically
produced food is healthier” (z = —2.741, p = 0.006); while they rated the statement “I believe
that tradition is very important to a healthy diet” significantly higher than those who did
not follow any food regimen (z = —3.432, p = 0.001).

In summary, the statistical analysis demonstrated that BMI class and being active
significantly affect the perception of a healthy diet as balanced, varied, and complete.
Having a chronic disease significantly affects perceptions related to avoiding fatty and
sweet products. Respondents who followed a voluntary food regimen had significantly
different perceptions about a healthy diet than those who did not follow any regimen, re-
garding fat and sugar consumption, the role of tradition, and the healthiness of organically
produced foods.

3.3. Food Motivations

The items associated with food choice motivations are shown in Figure 2 and Table 3.
Environmental and political motivations (mean = 3.64, SD = 0.57), as well as health
(mean = 3.4, SD = 0.46), were the strongest determinants (see Figure 2); while social and
cultural (mean = 3.07, SD = 0.36), emotional (mean = 2.96, SD = 0.67), and economic and
availability (mean = 2.86, SD = 0.51) motivations were less considered by respondents.
Marketing and Commercial motivations were considered the least important drivers of
food choices (mean = 2.46, SD = 0.53).

Twenty-three out of the 49 items had a median equal to 4 (median respondents
agreed with the statements; see Table 3). It is worth noting that the non-inverted scores
of statements M1.5, M1.9, M6.1, and M6.4 (negative statements, according to their global
motivations) are shown here as well, as they were actually rated as 4 or above (i.e., agree).
Respondents agreed about the social nature of meals (“Meals are a time of fellowship
and pleasure”). They preferred to read food labels, instead of believing in marketing
and commercial (“When I go shopping I prefer to read food labels instead of believing
in advertising campaigns”). They also cared about the quality of their diet, in order
to stay healthy (“It is important for me to eat food that keeps me healthy”), and about
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environmental sustainability (“When I cook I have in mind the quantities to avoid food
waste”, “It is important to me that the food I eat is prepared/packed in an environmental
friendly way”). Overall, the respondents were very concerned about the environmental and
health aspects of their food choices; nevertheless, they also considered emotional (“Food
makes me feel good”), economic (“I usually choose food that has a good quality/price
ratio”), and social (“I eat more than usual when I have company”) aspects of food. Although
the health aspect was crucial for them, they also regularly consumed some foods that may
raise their cholesterol and blood glycemia (“There are some foods that I consume regularly,
even if they may raise my cholesterol”, “There are some foods that I consume regularly,
even if they may raise my blood glycaemia”).

3.64
3.07
2.% 2.86 I
Total sample
M Health motivations ® Emotional motivations
i Economic and availability motivations = Social and cultural motivations

B Environmental and political motivations B Commercial and marketing motivations

Figure 2. Average motivation scores of total sample (1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree,
4 = agree, 5 = strongly agree).

3.4. Consumer Segmentation

The items associated with the food choice motivations and results from the cluster
analysis are shown in Figures 3 and 4. Two clusters were identified: Cluster 1 “Emotional
eating consumers” and Cluster 2 “Health-driven consumers”. Regarding the most and
least important motivations, both clusters had the same idea: “Environmental and Policy
motivations” were the most important, while “Marketing and Commercial motivations”
were the least considered. Details of the scores of each item for each motivation, including
the statistical difference between Clusters, are given in Appendix A.
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Table 3. The most important food choice motivations for the total sample (1 = 531).

Statement Mean SD
M4.1 Meals are a time of fellowship and pleasure 4.34 0.68
Meo.4 When I go shopping, I prefer to read food labels instead of believing in advertising campaigns ~ 4.05 0.86
M1.8 It is important for me to eat food that keeps me healthy 4.02 0.76
M5.2 When I cook, I have in mind the quantities to avoid food waste 4.00 0.79
M5.1 It is important to me that the food I eat is prepared /packed in an environmentally friendly way  3.85 0.78
M4.6 I choose the foods I eat because it fits the season 3.82 0.83
M2.5 Food makes me feel good 3.81 0.85
M3.1 I usually choose food that has a good quality/price ratio 3.81 0.76
M5.4 I prefer to eat food that has been produced in a way that animals’ rights have been respected 3.81 0.90
M4.2 I eat more than usual when I have company 3.79 0.90
M1.4 It is important for me that my daily diet contains a lot of vitamins and minerals 3.77 0.75
M4.8 I like to try new foods to which I am not accustomed 3.75 1.01
M5.5 I choose foods that have been produced in countries where human rights are not violated 3.71 0.92
M1.1 Iam very concerned about the hygiene and safety of the food I eat 3.69 0.88
M3.4 I buy fresh vegetables to cook myself more often than frozen 3.66 1.10
M1.3 Usually, I follow a healthy and balanced diet 3.63 0.87
M1.10 I avoid foods with genetically modified organisms 3.60 1.11
M5.7 I prefer to buy foods that comply with policies of minimal usage of packaging 3.59 0.91
M5.3 It is important to me that the food I eat comes from my own country 3.56 1.03
M1.6 I try to eat foods that do not contain additives 3.50 0.96
Mé.1 When I buy food, I usually do not care about the marketing campaigns happening in the shop ~ 3.43 0.93
M1.5 There are some foods that I consume regularly, even if they may raise my cholesterol 3.35 0.95
M1.9 There are some foods that I consume regularly, even if they may raise my blood glycaemia 3.32 0.93

Note: Respondents were asked to indicate their opinion on the statements based on a 5-point semantic scale: 1 = strongly disagree,
2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = strongly agree. Median scores of all items were equal to 4 (agree).

The first cluster accounted for 54.24% (288 persons) of the total sample and was
described as “Emotional eating consumers” (Figure 3). Besides “Environmental and Policy
motivations” (mean = 3.56, SD = 0.52), “Emotional motivations” (mean = 3.36, SD = 0.52)
were very important for this cluster, as they scored most emotional items higher than the
respondents in Cluster 2 (t = 19.529, p < 0.001). Food helped them to cope with stress, made
them feel good, and served as their emotional consolation. In addition, they tended to
emotionally eat, as they ate more when they felt lonely or had nothing to do, including
craving sweets when they were depressed. They also consumed food to either keep them
alert or relax. “Health motivations” (mean = 3.29, SD = 0.46) were the third most important
for them; however, they scored most items in this category lower than respondents in
Cluster 2, while they scored higher regarding consuming some foods regularly, even if
they may raise their cholesterol or blood glycaemia (inverted scores). They also cared for
“Social and cultural motivations” (mean = 3.15, SD = 0.37), “Economic and availability
motivations” (mean = 3.09, SD = 0.44), and “Marketing and commercial motivations”
(mean = 2.70, SD = 0.44) more than respondents in Cluster 2 (f = 5.391, p < 0.001; = 13.092,
p <0.001; and t = 12.998, p < 0.001, respectively).
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Figure 3. Average motivation scores of Cluster 1 (1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree,
4 = agree, 5 = strongly agree).
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Figure 4. Average motivation scores of Cluster 2 (1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree,
4 = agree, 5 = strongly agree).
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The second cluster was named “Health-Driven consumers”, which accounted for
45.76% (243 persons) of the total sample. While “Environmental and Policy motivations”
(mean = 3.73, SD = 0.61) were the most important drivers for them, “Health motivations”
(mean = 3.54, SD = 0.43) were also highly considered. They agreed that they usually
followed a healthy and balanced diet, it was important for them to eat foods that kept them
healthy, and they tried to eat foods that did not contain additives. In addition, considering
environmental motivations, they preferred to eat food that was prepared/packaged in
an environmentally friendly way, and they were concerned about food waste and the
reduction of food packages, differing from the respondents in Cluster 1. They cared for the
environment more than the respondents in Cluster 1 (t = —3.500, p = 0.001). Besides those
two motivations, “Social and cultural motivations” (mean = 2.98, SD = 0.34), “Economic and
availability motivations” (mean = 2.59, SD = 0.44), “Emotional motivations” (mean = 2.49,
SD = 0.50), and “Marketing and commercial motivations” (mean = 2.18, SD = 0.49) were
less concerned by them.

3.5. Consumer Profiling

In order to understand the differences between the two segments, Pearson Chi-square,
Student T-test, and Mann-Whitney U-test were performed on their demographic and
anthropometric data and behavioral and health aspects. The results revealed that age, life
environment, behavior, and health-related elements could significantly differentiate the
segments (Table 4).

Table 4. Socio-demographic, anthropometric data, behavioral- and health-related elements of clusters.

Frequency (%)

p-Value
Total (n = 531) Cluster 1 (n =288)  Cluster 2 (n = 243)
Age mean (SD) 42,09 (13.47) 40.30 (13.12) 44.21 (13.60) 0.0012
Age range 35-44 35-44 35-44 <0.001P
18-24 45 (8.5%) 29 (10.1%) 16 (6.6%)
25-34 127 (23.9%) 78 (27.1%) 49 (20.2%)
35-44 147 (27.7%) 88 (30.6%) 59 (24.3%)
45-54 109 (20.5%) 48 (16.7%) 61 (25.1%)
>55 103 (19.4%) 45 (15.6%) 58 (23.9%)
Gender Female Female Female 0.180
Female 346 (65.2%) 195 (67.7%) 151 (62.1%)
Male 185 (34.8%) 93 (32.3%) 92 (37.9%)
Education (Highest level) (Median) University University Secondary school 0.347
Primary school 26 (4.9%) 14 (4.9%) 12 (4.9%)
Secondary school 238 (44.8%) 121 (42%) 117 (48.1%)
University 267 (50.3%) 153 (53.1%) 114 (46.9%)
Life environment (Median) Urban Urban Urban 0.019
Rural 56 (10.5%) 31 (10.8%) 25 (10.3%)
Urban 323 (60.8%) 189 (65.6%) 134 (55.1%)
Suburban 152 (28.6%) 68 (23.6%) 84 (34.6%)
Civil status (Median) Married Married Married 0.278
Single 139 (26.2%) 82 (28.5%) 57 (23.5%)
Married/Living together 351 (66.1%) 187 (64.9%) 164 (67.5%)
Divorced /Separated 31 (5.8%) 16 (5.6%) 15 (6.2%)
Widow 10 (1.9%) 3 (1.0%) 7 (2.9%)
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Table 4. Cont.

Frequency (%)

Item p-Value
Total (n = 531) Cluster 1 (n =288)  Cluster 2 (n = 243)
Professional activity (Median) Employed Employed Employed 0.106
Employed 299 (56.3%) 165 (57.3%) 134 (55.1%)
Unemployed 30 (5.6%) 12 (4.2%) 18 (7.4%)
Student 34 (6.4%) 24 (8.3%) 10 (4.1%)
Retired 47 (8.9%) 20 (6.9%) 27 (11.1%)
Student worker 20 (3.8%) 12 (4.2%) 8 (3.3%)
Housewife 101 (19.0%) 55 (19.1%) 46 (18.9%)
Responsible for food buying Responsible Responsible Responsible 0.561
Responsible 451 (84.9%) 247 (85.8%) 204 (84%)
Not responsible 80 (15.1%) 41 (14.2%) 39 (16%)
BMI mean (SD) 23.65 (3.77) 23.88 (3.96) 23.36 (3.51) 0.110?
BMI categories (Median) Normal weight Normal weight Normal weight 0.066 P
Underweight (BMI < 18.50) 31 (5.8%) 16 (5.6%) 15 (6.2%)
Normal weight (18.50 < BMI < 24.99) 339 (63.8%) 175 (60.8%) 164 (67.5%)
Overweight (25.00 < BMI < 29.99) 130 (24.5%) 76 (26.4%) 54 (22.2%)
Obese (BMI > 30.00) 31 (5.8%) 21 (7.3%) 10 (4.1%)
Physical exercise Not enough Not enough Not enough <0.001
Not enough physical exercise 331 (62.3%) 199 (69.1%) 132 (54.3%)
Enough physical exercise 200 (37.7%) 89 (30.9%) 111 (45.7%)
Healthy diet Healthy diet Unhealthy diet Healthy diet <0.001
Unhealthy diet 240 (45.2%) 164 (56.9%) 76 (31.3%)
Healthy diet 291 (54.8%) 124 (43.1%) 167 (68.7%)
Voluntary eating regimen No No No 0.003
No voluntary regimen 401 (75.5%) 232 (80.6%) 169 (69.5%)
Voluntary regimen 130 (24.5%) 56 (19.4%) 74 (30.5%)
Chronic disease No No No 0.089
No chronic disease 384 (72.3%) 217 (75.3%) 167 (68.7%)
Chronic disease 147 (27.7%) 71 (24.7%) 76 (31.3%)
Allergies/Intolerances No No No 0.268
No allergies/intolerances 443 (83.4%) 245 (85.1%) 198 (81.5%)
Allergies/intolerances 88 (16.6%) 43 (14.95%) 45 (18.5%)
Have ever experienced eating disorder No No No 0.053
No 482 (90.8%) 255 (88.5%) 227 (93.4%)
Yes 49 (9.2%) 33 (11.5%) 16 (6.6%)

Note: p-values were results from Pearson Chi-square, except ?, which resulted from a Student’s T-test and b which resulted from a
Mann-Whitney U-Test between the two Clusters.

The average age (44 years old) of respondents in Cluster 2 (or Health-Driven con-
sumers) was significantly higher than that (40 years old) of Cluster 1 (or Emotional eating
consumers; t = —3.362, p = 0.001). A significantly lower percentage of respondents in
Cluster 2 (55%) lived in urban areas than those in Cluster 1 (66%; x> = 7.936, p =0.019).
Consistent with their scores for items in Health motivations, 69% of respondents in Cluster
2 stated that they followed a healthy diet. This was significantly higher than that in Cluster
1 (43%; x> = 35.059, p < 0.001). The respondents in Cluster 2 (46%) also physically exercised
more than respondents in Cluster 1 (31%; X% =12.256, p <0.001). Respondents in Cluster 2
(30%) followed a voluntary food regimen more than those in Cluster 1 (24%; X% =8.639,
p = 0.003). The clusters were also differentiated—although with lower significance (statisti-
cally significant at 0.1 level)—in terms of the following issues: Based on BMI categories,
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a higher number of respondents in Cluster 2 (68%) had normal weight than in Cluster 1
(61%; z = —1.839, p = 0.066). However, more respondents in Cluster 2 (31%) had chronic
diseases than in Cluster 1 (25%; x> = 2.888, p = 0.089), likely due to their higher average
age. Additionally, the respondents in Cluster 1 (11%) had more experiences with eating
disorders than those in Cluster 2 (7%; x? = 3.738, p = 0.053).

Regarding food motivations, respondents in Cluster 1 agreed with 19 out of 49 items
(i.e., median respondents agreed with the statements; see Table 5). The non-inverted
scores of statements M6.4, M4.5, M1.5, and M1.9 (negative statements, according to their
global motivations) are shown here, as they were actually rated as agree. Respondents
agreed that food had emotional value for them (“Food makes me feel good”). They also
cared about the health (“It is important for me to eat food that keeps me healthy”) and
environmental (“When I cook I have in mind the quantities to avoid food waste”) aspects
of food. Although they were concerned about economics (“I usually choose food that has
a good quality/price ratio”), they preferred to read food labels, instead of believing in
advertisements (“When I go shopping I prefer to read food labels instead of believing in
advertising campaigns”). Some preferred to eat alone (“I prefer to eat alone”). In general,
the respondents in Cluster 1 concerned many aspects (motivations) of food, compared to
respondents in Cluster 2. Emotional motivations seemed to be very important to them
(“Food makes me feel good”, “I eat more when I have nothing to do”, “I have more cravings
for sweets when I am depressed”, and “Food helps me cope with stress”).

Respondents in Cluster 2 agreed with 15 out of 49 items (i.e., median respondents
agreed with the statements; see Table 6). The non-inverted scores of statements M6.1
and M6.4 (negative statements, according to their global motivations) are shown here as
well. Respondents cared the most about health (“It is important for me to eat food that
keeps me healthy”) and environmental (“When I cook I have in mind the quantities to
avoid food waste” and “It is important to me that the food I eat is prepared/packed in an
environmental friendly way”) aspects of food. They also agreed with social and cultural
aspects (“I choose the foods I eat, because it fits the season”). Similar to the respondents in
Cluster 1, they preferred to read labels, rather than believing in commercial advertisements
(“When I go shopping I prefer to read food labels instead of believing in advertising
campaigns”). Generally, the respondents in Cluster 2 were more concerned about health
aspects than respondents in Cluster 1 (“It is important for me to eat food that keeps me
healthy”, “Usually I follow a healthy and balanced diet”, “It is important for me that my
daily diet contains a lot of vitamins and minerals”, and “I try to eat foods that do not
contain additives”).

Regarding perceptions about healthy eating, there were also differences on perception
about healthy diet between the two clusters (Table 7). Cluster 1 agreed significantly more
than cluster 2 with the importance of eating everything (although in small quantities), with
the role of tradition in a healthy diet, and that a healthy diet is not cheap. Differences
between the clusters about totally avoiding sugary and fatty products were significant at
the 0.10 level.

The frequency of finding information about eating a healthy diet from different
sources of information is shown in Figure 5. Respondents in Cluster 2 used “specialized”
sources, such as schools, health centers, hospitals, and family doctors (GP) more than
respondents in Cluster 1. On the contrary, respondents in Cluster 1 used mass media—both
traditional (radio and television) and internet—as well as books, magazines, and word-of-
mouth between family and friends more than respondents in Cluster 2. All these sources,
moreover, are cheaper than consulting experts (i.e., doctors).
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Table 5. The most important food choice motivations for Cluster 1 (n = 288).

Statement Mean SD
M2.5 Food makes me feel good 3.99 0.75
M1.8 It is important for me to eat food that keeps me healthy 3.92 0.79
M5.2 When I cook, I have in mind the quantities to avoid food waste 3.91 0.76
M6.4 When I go shopping, I prefer to read food labels instead of believing in advertising campaigns ~ 3.89 0.84
M3.1 T usually choose food that has a good quality /price ratio 3.88 0.70
M4.5 I prefer to eat alone 3.85 0.99
M2.7 I eat more when I have nothing to do 3.76 0.97
M1.4 It is important for me that my daily diet contains a lot of vitamins and minerals 3.72 0.76
M4.6 I choose the foods I eat because it fits the season 3.69 0.81
M5.1 It is important to me that the food I eat is prepared /packed in an environmentally friendly way  3.67 0.75
M5.5 I choose foods that have been produced in countries where human rights are not violated 3.63 0.84
M1.5 There are some foods that I consume regularly, even if they may raise my cholesterol 3.58 0.79
M1.9 There are some foods that I consume regularly, even if they may raise my blood glycaemia 3.55 0.79
M1.10 I avoid foods with genetically modified organisms 3.54 1.05
M2.9 I have more cravings for sweets when I am depressed 3.54 1.08
M3.4 I buy fresh vegetables to cook myself more often than frozen 3.54 1.08
M3.5 T usually buy food that is easy to prepare 3.50 0.85
M2.1 Food helps me cope with stress 3.47 0.84
M1.3 Usually, I follow a healthy and balanced diet 3.44 0.90

Note: Respondents were asked to indicate their opinion on the statements, based on a 5-point semantic scale (1 = strongly disagree,
2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = strongly agree). Median scores of all items were equal to 4 (agree).

Table 6. The most important food choice motivations for Cluster 2 (1 = 243)

Statement Mean SD
M1.8 It is important for me to eat food that keeps me healthy 4.14 0.70
M5.2 When I cook, I have in mind the quantities to avoid food waste 4.12 0.82
M5.1 itnisiirr:f;retz?atl 1t}c]) frﬁi ;3?; 2}\,1: ;ood I eat is prepared/packed in an 405 0.77
M4.6 I choose the foods I eat because it fits the season 3.97 0.83
M6.4 Z\é};ee?tilsl;gr? gs?;)rpr)l];iarg,nlsprefer to read food labels instead of believing in 404 0.84
M1.3 Usually, I follow a healthy and balanced diet 3.86 0.76
M1.4 It is important for me that my daily diet contains a lot of vitamins and minerals 3.83 0.73
M3.4 I buy fresh vegetables to cook myself more often than frozen 3.81 1.11
M5.5 Lgl:z(i)sleaizgds that have been produced in countries where human rights are 381 1.00
M5.7 I prefer to buy foods that comply with policies of minimal usage of packaging 3.76 0.92
Ml.6 I try to eat foods that do not contain additives 3.73 0.89
M3.1 I usually choose food that has a good quality /price ratio 3.72 0.83
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Table 6. Cont.

Statement Mean SD
M1.10 I'avoid foods with genetically modified organisms 3.68 117
M2.5 Food makes me feel good 3.60 091
M6.1 When I buy food, I usually do not care about the marketing campaigns 352 1.04

happening in the shop

Note: Respondents were asked to indicate their opinion on the statements, based on a 5-point semantic scale (1 = strongly disagree,
2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = strongly agree). Median scores of all items are equal to 4 (agree).

Table 7. Differences between clusters on perceptions about healthy eating.

Cluster 1 (n = 288) Cluster 2 (n = 243) Val
Perception p-value
Median Mean SD Median Mean SD
P.5 We can eat everything, as long as it is in small quantities 4 3.55 0.95 3 3.32 1.10 0.024
P.6 I believe that a healthy diet is not cheap 3 2.80 1.06 2 2.58 1.20 0.009
P.8 I believe that tradition is very important to a healthy diet 3 291 0.98 3 2.70 0.89 0.014
P.2 We should never consume sugary products 2 2.46 1.05 2 2.66 117 0.075
P.10 We should never consume fat products 2 243 0.92 2 2.32 1.03 0.099

Note: Respondents were asked to indicate their opinion on the statements based on a 5-semantic scale (1 = strongly disagree, 2 = disagree,
3 = neither agree nor disagree, 4 = agree, 5 = strongly agree). The p-values are the result of Mann-Whitney U-Test between two clusters.

In order to understand the differences between the information sources used by the
two segments, a Mann-Whitney U-test was performed (Table 8). The results revealed that
trust in TV and Radio significantly differentiated the segments. The respondents in Cluster
1 had more experience with using Radio and Television for information about healthy
eating than those of Cluster 2.

Table 8. Difference in information sources about healthy diets between clusters.

Cluster 1 (n = 288) Cluster 2 (n = 243) .
Inf i -Value
nformation Sources Median Mean SD Median Mean SD 4
Radio 3 242 1.01 2 2.23 1.00 0.032
Television 3 2.93 0.98 3 2.74 1.09 0.041

Note: Respondents were asked to indicate the frequency at which they found information about eating a healthy
diet, on the following scale: 1 = never, 2 = sporadically, 3 = sometimes, 4 = frequently, 5 = always. The p-values
are the results of Mann-Whitney U-Test between two clusters.
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Figure 5. Average scores of information sources (1 = never, 2 = sporadically, 3 = sometimes, 4 = frequently, 5 = always).

4. Discussion

In this study, we investigated the motivations behind food choices in Italy and seg-
mented the surveyed consumers to provide recommendations on effective tools to en-
courage healthy food choices. The main results indicated that some factors influenced
consumer food choices more than others; for instance, in line with the previous liter-
ature [11,14,16-19], “Environmental and Political” and “Health” motivations were the
most important determinants of food choices for Italian consumers, while “Marketing and
Commercial” motivations were of the least concern [20].

When we looked at individual items, the highest rated items were as follows: Respon-
dents mostly agreed that meals are linked to companionship and pleasure. This might
be explained by the Italian tradition that meal time is a time to spend with family and
friends [21]. They also stated that they preferred to read food labels when they shop for
food, instead of believing in marketing campaigns. It was also highly important for them
to eat food that keeps them healthy. Food waste was also highly considered by respondents
when they prepare food, which was consistent with the results of Bravia et al. (2020): That
Italian consumers tend to be proactive in planning their food purchases and checking ‘use
by” and ‘best before’ dates of food products, such that they can reduce their household food
waste [22]. It has also been mentioned, in a report of the European Union, that trying to
reduce waste was the number one action Italians carried out to address the issue of climate
change [19].

Two consumer clusters were identified, according to the six analyzed food motivations:
(1) “Emotional eating consumers”, composed of respondents that were driven by their
emotions; and (2) “Health-driven consumers” composed of those that based their choices
on the health aspect of food. Although both clusters were primarily concerned with
“Environmental and Political” motivations, when it came to food choice, their second-most
important motivations differed; namely, “Emotional” and “Health”, respectively.

The food choices of Emotional eating consumers were affected by psychological factors
(e.g., mood). However, they also paid attention to health, food waste, food labels, and
economic and availability factors of the product. Basically, they considered more aspects
than Health-driven consumers. However, their choices could be highly affected by their
mood or emotional state, as they mentioned that food made them feel good, that they ate
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more when they had nothing to do, that they had more cravings for sweets when they were
depressed, and that food helped them to cope with stress. Their average age was lower
than that of Health-driven consumers. Our results were in line with those of Cardoso et al.
(2020), who stated that young adults had eating behaviors which were more conditioned by
emotional motivations (e.g., to fight loneliness or boredom), compared to senior adults and
elderly people [23]. Moreover, young adults have also been reported to link eating food
with emotional consolation; for example, to help deal with stress and negative moods [24].
In addition, Emotional eating consumers had more experiences with eating disorders than
Health-driven consumers, as they tended to exhibit emotional eating behaviors. Emotional
eating consumers also agreed that there was some food that they consumed regularly, even
if it may raise their cholesterol/blood glycaemia.

The food choices of Health-driven consumers were mainly driven by health-related
aspects, seasonal availability, and label information. The relevance of sustainable con-
sumption movements was also highlighted in this cluster. Besides avoiding creating food
waste, similarly to Emotional eating consumers, they also believed that food should be
prepared/packaged in an environmentally friendly manner, using minimal packaging. For
them, it was also important that the foods they consume came from countries where human
rights are not violated. When we looked at their profiles, the average age of Health-driven
consumers was significantly higher than Emotional eating consumers. As a consequence,
they had more chronic diseases than Emotional eating consumers. Health-driven con-
sumers also stated that they followed a healthy diet and/or voluntary food regimen and
exercised more than Emotional eating consumers. This is consistent with the fact that
elderly individuals tend to eat more fruit and vegetables and are usually more adherent to
healthy diets than young adults [25]. The fact that they have more chronic diseases may
drive them to adhere to dietary recommendations and to be active. As a consequence, they
tended to have a normal weight more than Emotional eating consumers.

Regarding perceptions related to healthy eating, most respondents perceived that
a healthy diet should be balanced, varied, and complete and should include fruit and
vegetables, which are aspects in accordance with suggestions for healthy eating by nutri-
tionists [26-29]. This demonstrated that they were mostly aware about what healthy foods
are. Nevertheless, only half of them stated that they followed a healthy diet. Hence, there
existed a gap between declarative knowledge and behaviors. Several studies have con-
firmed that healthy eating knowledge is a significant predictor of both future knowledge
and behavior [30-33]; however, knowledge alone is not sufficient to change the food behav-
iors of consumers, as such behaviors can also be influenced by personal, intra-individual,
and environmental factors, including motivations [34-36]. The results of our cluster analy-
sis underline that one such factor could be “Emotional” motivations; at least, for Emotional
eating consumers. In addition, unconscious motivations and the link between nutritional
knowledge, emotions, and food choice should be further investigated.

Most respondents also agreed that they could eat everything, as long as it is in a
small quantity. In addition, they disagreed about the “total avoidance of sugary and fatty
products”. This may be because they believed that small quantities and variety are key to a
healthy diet, as suggested by the Italian Food Dietary Guideline [37]. Moreover, they may
have taken into account the emotional effect on food choice, as they generally agreed that
having a craving for sweets is not unusual.

Respondents who had a normal body weight, declared to have healthy diet, and were
active believed that a healthy diet should be balanced, varied, and complete. Overweight
and obese respondents were more concerned about the consumption of fatty products
than other groups (i.e., agreeing more that we should avoid consuming fatty products).
Respondents who had a chronic disease perceived that they should avoid fatty and sweet
products, as suggested in the various guidelines for the treatment of heart disease and
for preventing dietary diseases in the general population (see, e.g., the Diet and Lifestyle
Recommendations by the American Heart Association) [38].
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In addition, following a voluntary food regimen led respondents to perceive healthy
eating differently than those who did not follow any voluntary food regimen, with respect
to fat and sugar consumption, the role of tradition, and the healthiness of organically
produced foods. This might be because individuals who follow a particular diet are usually
more attentive to their diet and are more informed about their diet, such that they are more
aware of what should be limited (e.g., fat and sugar). They also considered that organic
products are produced with more respect for the environment [39]. Especially in Italy,
organic products are considered not only environmentally friendly but healthy; although,
from a nutritional point of view, organic products are not considered to differ much from
non-organic ones [39—-41].

Concerning the sources of information used, our sample was well-informed and
took information from various sources. The internet was the main source of information
about healthy eating, followed by magazines, books, and newspapers. These answers
were consistent with the emerging informative use of the Internet (i.e., reading online
newspapers, documenting health, collecting information on products), although the Italian
people are still in the last position in Europe, in terms of informative usage of the Internet,
at present [42]. The internet also consists of the use of social networks. The use of social
networks has been shown to change the way that consumers search for information
and select products; they are becoming prominent sources of information, including for
food choices (see [43,44], for example). From this perspective, social media can influence
information strategies in two ways: Reducing the cost of releasing information, compared
to that of traditional mass media (i.e., television or radio), and making specific consumer
groups more easily targeted.

Offline and online word-of-mouth and social media, however, can be dangerous in
transmitting misinformation; especially in the food sector [45,46]. Indeed, the recent study
of Castellini et al. (2020) found that around half of Italians (48%) admitted that they had
believed in a news story about the food sector that turned out to be false at least a few times
in the last year, while a third of those (37%) had shared it on social media, thus contributing
to the unstoppable spread of “food fake news” [46]. An even more interesting fact is that
this phenomenon occurs in all social and educational classes. In particular, individuals
who believe in such misinformation are psychologically different than consumers who are
less persuaded by this kind of news. They are more driven by other motivations, related to
familiarity with the product and the mood of the moment, rather than by the evaluation
of healthiness of the food. They are more favorably oriented to experimentation with
new products and are more predisposed to social influence, being less self-confident [46].
Hence, the Emotional eating consumers could be at risk of being more susceptible to
such misinformation. This means that the role of institutions in educating the public is
important, and that they should exploit different media forms, in order to aid citizens to be
able to distinguish between reliable and non- reliable sources of information and enable
them to make well-informed food choices.

For policy-makers, food labels could be promoted as a tool to assist consumers to
make a conscious food choice. Information provision to promote sustainable and healthy
diets could be carried out through educational campaigns (e.g., relating to the inclusion
of sustainability in dietary guidelines) or improved sustainability labelling on packaging.
Social media could be used to change social norms and food culture towards healthy diets
and waste reduction, as recent studies have demonstrated that social media information
also affects environmental awareness and consumer information and choices relating to
sustainable food [44]. Further research is necessary to examine the role of the Internet in
food information more closely, as well as the sources which are judged as most reliable
by respondents. It will also be interesting, in future research, to deepen the multifaceted
relationship between traditional and social media information and healthy or sustainable
consumption, in terms of food choices for specific consumer segments.

For food marketers, there was a clear need, for both clusters, for food products that
are healthy and sustainable. Environmentally friendly packaging and human rights in
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the producing countries were also emphasized by Health-driven consumers. Moreover,
information regarding the environment and sustainability on these issues (e.g., product
labelling) should be provided, in order to increase the purchase of such products [47].

The limitations of this research were as follows: There was a higher proportion of
female participants and the sample had higher education, on average, than the Italian
census. BMI values were calculated from self-reported height and weight and, therefore,
the results should be interpreted with care. We also did not ask respondents about their
dietary habits or their consumption of some food products, such that we could not compare
their statements (e.g., following healthy diet) and (reported) consumption behavior. Future
research should cover this aspect.

5. Conclusions

In conclusion, the respondents had a good awareness of what a healthy diet consists
of. They mostly found information online or in newspapers and books, as well as through
talking with friends and families. The strongest determinants for their food choice were
Environmental and Health factors. The less influential reasons were those related to
Marketing and Commercial. The clustering analysis resulted in two consumer segments:
Emotional eating consumers and Health-driven consumers. Both segments considered
Environmental and Political motivations as the most important issues. Nevertheless, their
second-most important motivations divided them, as the Emotional eating consumers were
more influenced by their emotions, while Health-driven consumers were more concerned
with the health aspects of food. Emotional eating consumers were younger, while Health-
driven consumers had more normal weight and stated that they followed a healthy diet
and/or voluntary food regimen and exercised more than Emotional eating consumers.
Food labels were used by respondents as an important tool when making food choices.
Food waste and food packaging were issues also concerned by most respondents.
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Table A1l. Food choice motivation of total sample, Cluster 1 and Cluster 2.

Total (n = 531)

Cluster 1 (n = 288)

Cluster 2 (n = 243)

tat t -Value
Statemen Median Mean SD  Median Mean SD  Median Mean SD P
M1. Healthy Motivations

M1.1 Iam very concerned about
the hygiene and safety of the food I 4 3.69 0.88 4 3.66  0.85 4 3.71 0.93 0.347
eat

Mi2ltisimportantformethat 5 350 g5 3 328 085 3 323 091 0422
my diet is low in fat

M1.3 Usually Ifollow a healthy 4 363 087 4 344 090 4 386 076  <0.001
and balanced diet

M1.4 It is important for me that
my daily diet contains a lot of 4 377 075 4 372 076 4 3.83 0.73 0.047
vitamins and minerals

M1.5 There are some foods that
I consume regularly, even if they 2 2.65 0.95 2 242 079 3 2.93 1.05 <0.001
may raise my cholesterol

ML6 L try to eat foods that do 4 350 096 3 330 09 4 373 089  <0.001
not contain additives

M1.7 I avoid eating processed
foods, because of their lower 3 3.23 0.98 3 3.14 0.95 3 3.33 1.01 0.024
nutritional quality

M1.8 It is important for me to
eat food that keeps me healthy 4 4.02 0.76 4 3.92 0.79 4 4.14 0.70 0.001

M1.9 There are some foods that
I consume regularly, even if they 2 268 093 2 245 079 3 294  1.00 <0.001
may raise my blood glycaemia ?

ML10Tavoid foods with 4 360 111 4 354 1.05 4 368 117 0.044
genetically modified organisms
M2. Emotional Motivations

M2.1 Food helps me cope with 3 298  1.05 4 347 084 2 240 098  <0.001
stress

M2.2Tusually eat food that 3 304 097 3 302 094 3 307 101 0382
helps me control my weight

M2.3 I often consume foods that
keep me awake and alert (such as 2 2.67 1.20 3 3.05 1.20 2 222 1.04 <0.001
coffee, coke, energy drinks)

M24 Toften consume foods that 5 301 113 3 321 1.08 3 278 114 <0.001
helps me relax (e.g., teas, red wine)

M2.5 Food makes me feel good 4 381 085 4 399 075 4 3.60 091 <0.001

M2.6 When I feel lonely, I 2 247 107 3 305 098 2 170 073 <0.001
console myself by eating

M2.71 eat more when I have 3 320 121 4 376 097 2 255 113 <0.001
nothing to do

M2.8 For me, food serves as an 2 256 116 3 318 1.03 2 182 082 <0001
emotional consolation

M2.9 Thave more cravings for 3 293 128 4 354 1.08 2 220 112 <0.001

sweets when I am depressed
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Table A1l. Cont.

Statement

Total (n = 531)

Cluster 1 (n = 288)

Cluster 2 (n = 243)

Median Mean

SD

Median Mean

SD

Median Mean

SD

p-Value

MB3. Economic and Availability
Motivations

M3.1 I usually choose food that
has a good quality /price ratio

4 3.72

0.83

0.034

M3.2 The main reason for
choosing a food is its low price

0.88

0.91

0.68

<0.001

M3.3 I choose the food I
consume because it is convenient to
purchase

1.00

0.94

0.94

<0.001

M3.4Ibuy fresh vegetables to
cook myself more often than frozen

4 3.66

1.10

1.08

1.11

0.001

M3.5 I usually buy food that is
easy to prepare

1.04

0.85

1.06

<0.001

M3.6 I usually buy food that it
is on sale

3 3.08

0.97

3 3.43

0.83

0.96

<0.001

M3.7 I prefer to buy food that is
ready to eat or pre-cooked

0.94

2 2.24

0.99

0.73

<0.001

M4. Social and Cultural
Motivations

M4.1 Meals are a time of
fellowship and pleasure

0.68

0.62

0.881

M4.2 T eat more than usual
when I have company

4 3.79

0.90

0.90

4 3.76

0.91

0.482

M4.3 It is important to me that
the food I eat is similar to the food I
ate when I was a child

2 2.40

0.93

0.92

0.91

<0.001

M4.4 1 eat certain foods because
other people (my colleagues, friends,
family) also eat it

0.93

2 2.43

0.94

0.80

<0.001

M4.5 1 prefer to eat alone ?

0.97

0.99

0.94

0.009

M4.6 I choose the foods I eat
because it fits the season

4 3.82

0.83

4 3.69

0.81

4 3.97

0.83

<0.001

M4.7 I eat certain foods because
T'am expected to eat them

2 1.85

0.90

0.96

0.75

<0.001

M4.8 1 like to try new foods to
which I am not accustomed

4 3.75

1.01

4 3.75

1.02

4 3.75

0.99

0.925

M4.9 I usually eat food that is
trendy

1 1.64

0.76

0.83

0.54

<0.001

M5. Environment and Political
Motivations

M5.1 It is important to me that
the food I eat is prepared /packed in
an environmentally friendly way

4 3.85

4 3.67

0.77

<0.001

M5.2 When I cook, I have in
mind the quantities to avoid food
waste

4 4.00

0.82

<0.001

M5.3 It is important to me that
the food I eat comes from my own
country

1.03

0.98

1.09

0.321

M5.4 1 prefer to eat food that
has been produced in a way that
animals’ rights have been respected

116
0.90

4 3.79

0.85

0.97

0.310




Foods 2021, 10, 318

Table A1l. Cont.

Statement

Total (n = 531)

Cluster 1 (n = 288)

Cluster 2 (n = 243)

Median Mean

SD

Median Mean

SD

Median Mean

SD

p-Value

M5.5 I choose foods that have
been produced in countries where
human rights are not violated

4 3.71

0.92

4 3.63

0.84

4 3.81

1.00

0.009

Mb5.6 I avoid going to
restaurants that do not have a
recovery policy of food surplus

0.84

0.89

0.626

M5.7 I prefer to buy foods that
comply with policies of minimal
usage of packaging

091

3 3.45

0.87

4 3.76

0.92

<0.001

Mé6. Market and Commercials
Motivations

M6.1 When I buy food, I usually
do not care about the marketing
campaigns happening in the shop ?

0.93

3 2.65

0.83

2 2.48

1.04

0.012

M6.2 I eat what I eat, because I
recognize it from advertisements or
have seen it on TV

2 1.85

0.81

0.81

0.73

<0.001

M6.3 I usually buy food that
spontaneously appeals to me (e.g.,
situated at eye level, appealing
colors, pleasant packaging)

2 227

0.97

3 2.63

0.90

0.87

<0.001

M6.4 When I go shopping, I
prefer to read food labels instead of
believing in advertising campaigns *

0.86

0.84

2 1.76

0.84

<0.001

Me6.5 Food advertising
campaigns increase my desire to eat
certain foods

2 2.47

1.06

0.96

0.98

<0.001

Mé6.6 Brands are important to
me when making food choices

0.99

3 2.75

<0.001

M6.7 I try to schedule my food
shopping for when I know there are
promotions or discounts

3 3.17

1.04

3 3.44

0.93

3 2.84

1.06

<0.001

Note: Respondents were asked to indicate their opinion on the statements based on a 5-point semantic scale (1 = strongly disagree,
2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = strongly agree). * Inverted scale as they were negative questions (according to
the motivations), p-values are results from Mann-Whitney U-Test between the two clusters.
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Abstract: Authenticity has become increasingly important in the modern market as consumers seek
products more resonant of tradition and originality. This study aimed to develop and validate
a perceived authenticity scale for food specialties. Furthermore, this work exposed the causal
relationship between authenticity and consumer behaviour, by quantitatively analysing the effects of
perception of authenticity and identification with a product on consumers’ willingness to consume the
cheese Algovian Emmentaler, an iconic dairy product produced in southern Germany and protected
with the designation of origin. Three surveys were conducted over two different timeframes. One
served as a pre-test in Germany with a representative sample for the second two in Germany and
Italy with a gourmet sample. Both objective authenticity and subjective authenticity were considered,
with the former comprising concepts such as whether the respondent was sure of the cheese’s
origin and the latter what the cheese embodied. Identification with Algovian Emmentaler was also
surveyed. Exploratory factor analysis and confirmatory factor analysis were conducted on the survey
data in order to construct an authenticity scale. Based on this scale, structural equation models
were constructed. Objective authenticity was found to positively contribute to stated willingness to
consume, as well as mediate subjective authenticity, which itself mediated the effects of identification.
Subjective authenticity was a large contributing factor to willingness to consume among German
consumers, whereas the effects of objective authenticity were higher in Italy compared with the former.
Expectedly, identification with Algovian Emmentaler also had a high direct effect on willingness to
consume in Germany.

Keywords: authenticity scale; genuine; cheese specialty; country-of-origin labels; product identifica-
tion; stated willingness to consume

1. Introduction

The increasing appeal of traditional, less sophisticated products among consumers on
the marketplace has led to an increase in the significance of authenticity [1]. Many studies
focusing explicitly on authenticity have been conducted across various domains, including
tourism [2-4] wines, brands [5-9], business organization [10], advertising [5-11] and
culture [12,13]. In the agrifood sector, worldwide interest in food-related issues is growing,
making determining the origin of food of paramount importance [14,15]. According to
Kuznesof et al. [16], the perceived authenticity of a product attributes by consumers applies
above all to regional food. Moreover, Verbeke et al. [17] state that the perception of better
product quality is one of the reasons for the consumption of specialty food that is often
branded via quality labels or geographical indications (GIs) such as protected designation
of origin (PDO) and protected geographical indication (PGI).
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Furthermore, food safety issues, such as bovine spongiform encephalopathy (BSE),
foot-and-mouth disease and malpractice among food producers have intensified public
sensitivity regarding the origin of food. This has led to a surge in demand for high-quality
products and desire for cultural identification [18]. There is, however, a gap in knowledge
in various areas of research. Despite the number of studies on authenticity, very few focus
on food marketing. This is particularly true for quantitative studies. To the best of our
knowledge only a single study, conducted by Sidali and Hemmerling [19], has attempted
to measure consumers’ perceived authenticity of a specialty food, which was found to have
a positive influence on stated consumption. No study to date has used a similar approach
in a cross-country context. Therefore, this study attempts to fill this gap by quantitatively
measuring customers’ perceived authenticity of a German traditional specialty cheese in
relation to their consumption of it. To achieve this, a perceived authenticity scale was
developed using data from online surveys of gourmet consumers that were conducted
during two different timeframes and in two different countries, namely Germany, where
this cheese originates, and Italy, where lower knowledge of the product is compensated
by a higher general culinary awareness. After the validity of the authenticity scale was
verified, its effect on German and Italian respondents’ stated willingness to consume the
cheese was analysed.

Product authenticity is a keystone of modern marketing [19]. Spiggle et al. [7] ob-
served that an authentic product comprehends the meaning and essence of the tradition
it embodies. Authenticity can be treated as a unidimensional, bi-dimensional, or multidi-
mensional construct, with consumers’ desiring uniqueness [5,20,21], naturalness [15,20],
country-specific origin [22] or credibility [5,23]. Liao and Ma [22] found that respondents
with a high need for authenticity tend to associate it with six characteristics: (1) originality,
(2) quality commitment and credibility, (3) heritage and style persistence, (4) scarceness,
(5) sacredness and (6) purity. In her study on food authenticity and tourism, Sims [24]
claims that consumers’ demand for traditional and local food can also be viewed as linked
to a quest for authenticity. Especially on holiday, the consumption of local food and drink
products is a way of restoring a more meaningful sense of connection between the con-
sumers and the people and places that produce their food [24]. Sidali and Hemmerling [25]
suggest that the best way of surveying authenticity systematically is the multidimensional
method. As such, a large number of studies distinguish between subjective authenticity
and objective authenticity. The former depends on a consumer’s personal experience with
a product, to which a set of values is attached [16,21,23,26,27], as well as the social and
environmental issues associated with sustainability, which includes supporting the local
economy, fairly compensating local farmers and maintaining biodiversity [28]. Onozaka
et al. [29] reported that purchasing behaviours were affected by the perceived availability
of local food and perceived effectiveness of their actions, wherein customers believed
that they made a difference in public outcomes, such as supporting the local economy.
Contrary to subjective authenticity, perceived objective authenticity regards the physical
attributes of the product and the production method, whether it is the traditionality of the
recipe, the provenance of the ingredients, or the combination of soil and climatic conditions
that are peculiar to the production area. Grayson and Martinec [30] recognized physical
attributes as indexical authenticity. Moreover, Carcea et al. [15] stated that the perception
of food authenticity is important at the emotional level because of the involvement of trust
in the buying decision. Tradition and identity also play an important role in how food
authenticity is perceived, as part of what makes it authentic is the traditional methods
used. Research on perceived authenticity has largely succeeded in matching the challenges
presented by consumer demand for original products. The tourism sector, for example,
has benefited significantly. Unfortunately, there is little empirical evidence to support the
bi-dimensionality of (subjective and objective) authenticity in the food sector. Thus, in
contrast to what happened in the study of other topics or in other economic sectors, there
exists no psychometrically validated measurement scales that is consistent with the theory
of authenticity as a bi-dimensional construct. Therefore, the purpose of this study is to
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Identification \H3
with product

address this issue by developing and validating a measurement of consumers’ views of
authenticity of traditional cheese specialties and to analyse both its antecedent, i.e., identifi-
cation with the product, and its consequence, namely how it affects stated-willingness to
consume.

2. Research Framework

The central role of identification with a product is often espoused in marketing litera-
ture. Lunardo and Guerinet [6] suggest that the relevance of a product depends on whether
it is able to trigger its consumption by projecting the consumer’s personality. Furthermore,
identity refers to upbringing, beliefs, stories, cultural ways of living and conceptions of
what the product is to be [26]. Based on these factors, we postulate that (Figure 1):

Hypothesis 1 (H1). The higher the identification with a product, the higher the subjective authenticity.

Hypothesis 2 (H2). The higher the identification with a product, the higher the objective authenticity.

Hypothesis 3 (H3). The higher the identification with a product, the higher the stated willingness
to consume.

Objective

authenticity H6

Stated
willingness
to consume

H5

Subjective
authenticity

Figure 1. Research hypotheses.

Based on Marsden [30], we also state that food is not simply a commodity, but a social
construct, as well. As a consequence, this social construct reinforces the mental images
of the perceived product’s setting, such as place, method of production, quality and time,
among consumers. Thus, our fourth hypothesis is:

Hypothesis 4 (H4). The higher the subjective authenticity elicited by a product, the higher the
perceived objective authenticity.

According to Bemporad and Baranowski [31], consumers reward producers of au-
thentic products by displaying a preference for these products. Moreover, Langen [27]
proposes that social and environmental issues related to sustainably produced food can
affect consumers’ decision-making. Therefore, we assume that authenticity has a positive
impact on stated consumption behaviour. This leads us to hypotheses five and six:

Hypothesis 5 (H5). The higher the subjective authenticity elicited by a product, the higher the
stated willingness to consume.
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Hypothesis 6 (H6). The higher the objective authenticity elicited by a product, the higher the
stated willingness to consume.

3. Methodology
3.1. The Research Steps

The scale construction and assessment techniques employed in this study follow those
advocated by Gerbing and Anderson [32], Byrne [33], Homburg and Giering [34] and
Brunse et al. [35]. A seven-step procedure was implemented. The first step involved a
review of the literature which led to the generation of a pool of items. The second step
involved expert validation and the subsequent cleansing of some statements. A group of
three experts in food marketing was asked to evaluate the accuracy of the items. They
needed to reflect the factors of subjective and objective authenticity, identification with
a traditional food specialty and stated willingness to consume. As a result of this step,
the number of items included in the initial version of the measurement instrument was
reduced. In the third step, the reduced measurement instrument was pre-tested. The
survey was conducted in Germany in December 2012 with 136 German consumers. A
private marketing research panel provider recruited the participants using three quotas
in order to achieve a sample which was representative of the German population in the
following aspects: age, gender and income. In the fourth step, we conducted an exploratory
factor analysis (EFA) for assessing and optimizing the measurement model. This led to
the further cleansing of some items and the introduction of new ones. In the fifth step,
the cross-country study took place in Germany and in Italy. Since we strived for samples
of consumers of traditional specialty foods, we applied the following filtering questions:
(1) only respondents who consume cheese at least once a month were chosen and (2)
we selected those respondents that declared, on a scale from 1 (never) to 5 (very often),
to at least sometimes buy food from a specialty store, such as organic and farm shops,
or delicatessens. Both the pre-test, as well as the 2013 questionnaire, were designed in
German. The Italian version of the questionnaire was checked against the German version
by translation and back translation by Italian and German native speaking researchers.
As far as data collection is concerned, this step computed 220 complete responses, with a
completion rate of 90.16% in Germany and 273 complete responses with a completion rate
90.75% in Italy. However, the total number of valid replies was 208 for the German survey
and 200 for the Italian study, as survey responses finished in less than four minutes were
cut off as untrustworthy. In the sixth step, we conducted an exploratory factor analysis
for both the German and the Italian sample and compared the factor solutions across
and within the samples. Finally, in the seventh step, we ran the final model, by means of
confirmatory factor analysis (CFA), and we compared results across the German and the
Italian sample by testing for cross-cultural validity of the scale measurement (Figure 2).

In all three surveys, respondents were asked to evaluate the two dimensions (subjec-
tive and objective) of authenticity concerning the PDO cheese Algovian Emmentaler (AE).
AE is a well-known cheese made from the raw milk of cows that have been fed with grass
and hay from the Algovian region in southern Germany. The decision to choose a traditional
cheese as the object of our research is manifold: firstly, cheese belongs to the category Dairy
Products, and dairy plays a fundamental role in the nutritional habits of Europeans [36].
Secondly, cheeses are the most represented traditional food speciality protected with the
PDO label in Europe (http://ec.europa.eu/agriculture/quality /door/list.html?locale=de).
Finally, this cheese specialty had almost disappeared during the 1990s due to the rapid
increase in availability of the industrialized Emmentaler cheese, which is made with pas-
teurized milk [37,38]. Consequently, the production of Algovian Emmentaler is more
expensive, due to the extra costs implicit in the artisanal mode of production. The PDO
certification scheme helped Algovian Emmentaler producers to sell at a premium price
and, in this way, to keep on producing it.
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Development of a fundamental understanding of
the construct and development of a baseline set
of indicators

e Literature review

¢ Content analysis of text documents

l

Pre-tests to improve and reduce the quantity of
indicators

l

[ First data collection in Germany ]

l

Quantitative analysis for assessment and
optimization of the measurement model

l

[ Renewed data collection in Germany and Italy }

l

Evaluation of the measurement model based on the
new sample

l

Comparison of the developed measurement model
with alternative model structures based on both
samples (cross-validation)

Figure 2. The research steps.

3.2. The Questionnaire

The questionnaire used in the surveys had four components: (a) perceived objective
authenticity (methods of production, ingredients and origin of ingredients), (b) perceived
subjective authenticity (idealization of agrarian life, solidarity with farmers and respect for
natural biodiversity), (c) identification with the product (the potential of the product to
elicit projective attributes in the consumer’s personality) and d) overall stated willingness
to buy the cheese or to purchase it again (only one item). The questions were supplemented
with a picture of the AE cheese. Being an artisanal product, the cheese was shown without
packaging, as it is usually sold in delicatessen stores. However, the picture of the cheese
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was complemented by the red label of the PDO as is mandated by European regulation
regarding geographical indications which obliges retailers to expose the labelling next to
the products [39].

4. Results
4.1. Sample Description

Three online surveys were conducted, with the first taking place in December 2012
and comprising a panel of 136 German consumers. Three quotas were used to achieve a
representative sample (Table 1): age, gender and income. Respondent ages ranged from
18 to 82, with an average of 49 years of age. In terms of gender, 48% of the respondents
were male while 52% were female. Meanwhile, respondent incomes ranged from ca. €900
a month to over €4501. Using a 5-point scale ranging from 1 (never) to 5 (very often), mean
cheese consumption was 3.06, showing a modest consumption of Algovian Emmentaler.
However, after reading a description of Algovian Emmentaler, mean interest in purchasing
it (“I'm going to buy this cheese in the future”) was higher, 3.96 with 1 meaning “strongly
disagree”, 3 meaning “neither” and 5 meaning “fully agree to”. This survey served as
a pre-test for the next cross-country survey that took place in Germany and Italy with
samples of gourmet consumers. The two surveys were executed by a provider of survey
panellists from 3 September 2013 to 9 September 2013. The total number of valid responses
was 208 in the German sample and 200 in the Italian sample. The demographics of these
German and Italian respondents are presented in Table 1.

Table 1. Socio-demographics of the pre-test (n = 136), German (n = 208), and Italian (n = 200) samples.

Pre-Test Survey

Variable Survey (% unless German Survey Italian Survey
Response Otherwise (%) (%)
Stated)
Gender Female 52 47.6 46.4
Male 48 52.4 53.6
<50 475 46.2 48.8
51-70 42.6 452 47.4
Age 71 or older 9.6 8.6 3.8
Average age, 49 53 506
years
1 member 30.1 21.2 10.5
2 members 419 44.7 28.7
Household 3 members 15.4 16.8 29.7
composition

P 4 or more 12,5 17.3 31.1

members
Less than €900 13.9 34 7.2
€900-€1500 255 154 18.2
Monthly income €1501-€2000 16.1 15.9 22.5
per household €2001-€3200 245 33.2 26.8
€3201-€4500 12.0 23.1 17.2
€4501 or more 8.0 9.1 8.1

The majority of German respondents (14.4%) were located in the German state of
Baden-Wiirttemberg, followed by 12% located in the German state of Bavaria and 7.7% in
Berlin (data not shown). In contrast to the pre-test, in the German gourmet sample 47.8%
were female and 52.4% were male. Similarly, in the Italian sample, 46.4% of the respondents
were female while 53.6% were male. The majority of them (24.9%) were located in the
region of Lombardy, followed by 11% who were located in the region of Campania and
7.2% in the region of Lazio. Average ages were also similar between the two countries;
53 years old in the German sample and 50.6 years old in the Italian one, with the youngest
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respondent being 30 and the oldest being 81 years old. In terms of monthly household
income, in both samples dominated the income ranges between ca. €2001 and €3200.

4.2. Scale Construction: Exploratory and Confirmatory Factor Analyses
4.2.1. Exploratory Factor Analyses

Separate exploratory factor analyses (EFA) with principal component analyses and
Varimax rotations were carried out for each sample. The aim of this procedure was to check
whether items would tend to group together in similar factors across the three samples,
which then led to the rejection of some items. Appendix A presents the items obtained
through the EFA and how they loaded on the respective factor in each of the three samples,
showing in bold which items were used in the confirmatory factor analysis (CFA) that
followed. Regarding objective authenticity, items 1-4 showed constantly loading values
higher than five both across time (in the pre-test of 2012 and German survey of 2013) and
across countries (Germany and Italy). The item “Algovian Emmentaler comes from the
best-known country in the world for the production of this type of cheese” was introduced
after the pre-test, so its loading was only calculated for the cross-country surveys, while
another item was loaded in a different factor. Interestingly, items 5-11 displayed consistent
patterns only in the pre-test but not in the second pair of surveys with gourmet consumers.
Therefore, they were not kept for further analysis. Concerning subjective authenticity, items
1-5 also showed consistent loading values higher than five across time, while items 6-9
displayed no clear pattern and were thus not further considered for the CFA. In terms of
identification, items 1-4 were used for the following CFA, whereas items 5-8 were excluded.
However, two items in the identification factor were only introduced after the pre-test:
“The consumption of this product contributes to the improvement of my wellbeing” and
“This cheese is the pride of a culture with which I can identify myself.” All in all, three
factors were identified that appeared to be constant across the three samples: objective
authenticity, subjective authenticity and identification. As shown in the next section, those
items with loadings consistently high in all three samples were combined into scales.

4.2.2. Confirmatory Factor Analyses

Originally, there were 33 indicators spread over five factors. Following the EFA, this
number was narrowed down to 13 indicators in three factors (Table 2).

The objective authenticity factor contained four items, two of which referred to the
traditional method of production and the region of production. The latter is particularly
important, as it indicates not only the origin of the specialty’s ingredients but its reputation,
as well, which is a fundamental requisite when obtaining protected labels of designation
of origin.

Subjective authenticity contained five items highlighting the social and economic sus-
tainability values attached to the product, such as feeling close to the producers, allowing
the producer to express themselves, and supporting the region economically. Another item
revealed consumers’ idealization of niche products originating from rural areas, through
their “moral purity” versus mass-produced products.

Finally, the identification factor consisted of four items disclosing how the consumer
identifies with the product personally, symbolically, culturally and in terms of their well-
being. Factors related to objective and subjective authenticity were found to share similar
tendencies across all three samples. Both gourmet samples identified more with Algovian
Emmentaler than the pre-test sample. Expectedly, the identification factor’s values also
scored higher among the German respondents, as the Italian respondents identified less
with Algovian Emmentaler.
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Table 2. Confirmatory factor analysis.

Factor Ttem Factor Loadings/Item Reliability

Pre-Test Germany Italy

I can trust the name
AE.

AE cheese-makers are
very oriented toward 0.754/0.569 0.783/0.614 0.811/0.658
respect for tradition.

AE comes from the

best-known country in

the world for the * 0.706/0.499 0.770/0.593
production of this type
of cheese.

T am sure that all the
ingredients of this
product come from the
Algovian region.

0.909/0.827 0.830/0.689 0.829/0.688

Objective Authenticity

0.716/0.512 - 0.723/0.523

AE makes me feel close
to the producer.

AE allows producers to
charge fair prices.

AE is the embodiment
of moral purity.

AE allows the
cheese-makers to
express themselves and
be creative.

AE supports the region
economically.

0.756/0.571 0.789/0.622 0.841/0.708
0.742/0.550 0.763/0.582 0.758/0.575

0.790/0.624 0.813/0.660 0.749/0.560
Subjective Authenticity

0.760/0.577 0.731/0.534 0.766/0.587

0.773/0.598 0.722/0.521 0.654/0.428

This cheese fits my

lifestyle and the way I 0.902/0.814 0.884/0.782 0.808/0.653

shop.

The consumption of

this product

contributes to the * 0.793/0.629 0.873/0.763
Identification improvement of my

wellbeing.

This cheese is the pride

of a culture with which * 0.842/0.709 0.779/0.607

I can identify myself.

I can identify with

this cheese. 0.758/0.575 0.879/0.773 0.816/0.666

T will definitely
(continue to) eat
Algovian Emmentaler
in the future.

Intention to consume

-/0.59 -/0.35 -/0.47

AE = Algovian Emmentaler cheese * = Item was not given in the pre-test; - = Item did not load on the same factor. Sources of items:
Objective authenticity, 1. based on Liao and Ma [22], 2. based on Beverland [5], 3. based on Camus [40], 4. own item; subjective authenticity,
1. and 2. own item, 3. based on Liao and Ma [22], 4. and 5. own item; identification, 1. based on Grunert et al. [41], 2. based on Davis [42],
3. based on Carstensen [43], 4. based on Camus [40]; intention to consume: own item (for one-item statements only item reliabilities
are calculated).

Confirmatory factor analysis was conducted using the software AMOS 21. CFA
indicates a special case of the general model of causal analysis, which is identified in more
precise formulation as covariance structure analysis [34]. A complete causal analysis model
consists of two components:

e The measurement model:
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Through confirmatory factor analysis, it shows how the indicators explain the latent
variables (factors).

e The structural model:

With the help of structural equation analysis, it shows the explanation of the exogenous
variables by the endogenous latent variables (factors).

Furthermore, Ref. [41] demonstrated that CFA can be used to determine whether a
set of data is compatible with a pre-specified factor structure. It can also be applied to
multiple samples, and then used to confirm whether the factor structure in each sample is
the same. This allows the reliability of a factor to be examined, as well as how well it is
measured together with its associated indicators [34]. In the present case, all the factors
had good factor reliability (FR), i.e., composite reliability, and average variance extracted
(AVE) values (FR: > 0.6 and AVE: > 0.5), as is found in Table 3.

Table 3. Composite reliability.

Factor Reliability/AVE
Factor
Pre-Test Germany Italy

Objective
Authenticity 0.84/0.64 0.83/0.56 0.86/0.62

Subjective
Authenticity 0.88/0.58 0.88/0.58 0.87/0.57
Identification 0.82/0.69 0.91/0.72 0.89/0.67

In covariance-based structural equation modelling the adequacy of the model is
measured by a range of goodness-of-fit criteria (see Table 4). Using different indices
is considered by many scholars the best strategy to overcome the limitations of each
index [33,34].

Table 4. Model fit (measurement and structural equation models).

Model Fit
Survey
Cmin/DF CFI RMSEA GFI NFI TLI
Pre-Test 1.036 0.998 0.016 0.946 0.953 0.998
Germany 2.353 0.941 0.081 0.883 0.902 0.927
Italy 1.420 0.980 0.046 0.929 0.936 0.976
<0.05 very
Cut-off criteria 1-3 0.90-0.95 good <0.08 0.90-0.95 0.90-0.95 0.90-0.95

good

Legend: Cmin/DF = Chi-Squared/Degrees of Freedom; CFI = Comparative Fit Index; RMSEA = Root Mean Square Error of Approximation;
GFI = Goodness-of-Fit Index; NFI = Normed Fit Index; TLI = Tucker-Lewis Index.

The overall fit met the conventional cutoff-criteria in all three samples [34]. Further-
more, the best scores in terms of Root Mean Square Error of Approximation (RMSEA) and
Goodness-of-Fit Index (GFI) were those displayed in the pre-test and the Italian samples.
On the contrary, the German sample scored best with regards to the Comparative Fit Index
(CFI) and the Tucker-Lewis Index (TLI).

4.2.3. Structural Equation Model

Using the validated authenticity scale produced by the confirmatory analysis and
the identification factor, evidence was found of the influence of consumers’ perceptions
of authenticity and identification with a specialty product on their purchasing intentions.
Furthermore, using the software AMOS 21, identical models were built based on the two
samples obtained by the cross-country surveys (Germany and Italy). The robustness of
the theoretical framework was tested with covariance-based structural equation modelling
(SEM). According to Byrne [33], the RMSEA is one of the most informative criteria in
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Identification
with product

assessing the fit of the structural equation model. As already shown in Table 4, both the
Italian and the German sample had adequate RMSEA scores (0.046 vs. 0.081, respectively)
when judged based on the recommended cut-off criteria (values less than 0.05 indicate
good fit, and values as high as 0.08 represent reasonable errors of approximation in the
population. Whilst RMSEA values ranging from 0.08 to 0.10 are still acceptable, those
greater than 0.10 indicate poor fit).

Both German and Italian models comprised one exogenous latent variable (identifi-
cation with the product) and three endogenous latent variables (subjective and objective
authenticity, as well as stated willingness to consume).

4.2.4. Outlook

Identification with Algovian Emmentaler directly accounted for 26% of the explained
variance of the subjective authenticity in Germany and 62% in Italy (Figure 3). Subjective
authenticity was directly responsible for the majority of objective authenticity’s variation in
both samples, albeit more so in the German sample’s case (60%) than in the Italian sample
(29%). Finally, objective authenticity-together with identification-explained 47% of the
variation of the stated willingness to consume in the Italian sample, followed by 35% in the
German one.

MODEL= AE Germany; AE Italy

R?=0.60;0.29

Objective
authenticity

R= 0,41***,0.69***

Stated
willingness
to consume

R=0.30**;n.s

R= 0.78***;0.54**

R2=0.35;0.47

B= 0.51**,0.79***

Subjective
authenticity

R2=0.26;0.62

Figure 3. Results of the two structural equation models; *** = p < 0.001, ** = p < 0.01, n.s. = non statistically significant.

The hypotheses were tested by examining the sign, size and statistical significance of
the structural coefficients. The hypotheses regarding the relationship among the constructs
tested in the final model were partially accepted in both models. In the following, only
direct effects are taken into consideration. The parameter estimates for the relationship be-
tween identification and subjective authenticity were statistically significant and consistent
with the proposed direction of our first hypothesis (H1) in both the German and Italian
samples (8 = 0.51 ** and 8 = 0.79 ***, respectively). However, this does not hold true for
the effect of identification on objective authenticity—H?2 was rejected in both samples.

In terms of the relationship between subjective authenticity and objective authenticity,
the path coefficient was statistically significant and consistent with the proposed direction
of our fourth hypothesis. H4 was accepted in both samples, with 8 = 0.78 *** in the German
sample and 8 = 0.54 in the Italian sample. Contrarily, the effect of subjective authenticity
on the stated willingness to consume (H5) was not statistically significant in either of the
two samples, and thus not accepted. Objective authenticity’s effect on stated willingness
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to consume was relatively strong and statistically significant in both Germany and Italy
(8=0.41** and £ = 0.69 ***, respectively; H6 was accepted). Finally, the expected effect of
identification on the stated willingness to consume was significant and positive in Germany
(8 = 0.30 **), but not in Italy; therefore, H3 was accepted in the German sample and not
accepted in the Italian sample. The latter’s rejection is expected considering Algovian
Emmentaler’s origin is outside of Italy.

Overall, the subjective dimensions of authenticity were found to be consistently higher
in Germany than in Italy. This, along with the high direct effect of identification, could
be interpreted as a higher emotional anchorage of consumers in Germany with “their”
food specialty compared with the Italian sample. Conversely, the effects of the objective
dimensions of authenticity on stated willingness to consume were higher in Italy, which
may be caused by the country’s more developed culinary culture and the generally higher
knowledge of GIs. In a nutshell, both models explained significant amounts of the variation
in the endogenous variables.

5. Discussion

The objective of this research was to build an authenticity scale of traditional cheese
specialties and we tested it in two regions that are positioning themselves as food desti-
nations in Germany and in Italy. Another goal of this work was to explore the effect of
customers’ perception of authenticity—whether it is perceived subjective authenticity or
objective authenticity—and their identification with a product on their stated willingness to
consume it, as well as how this effect varies across countries. Using a sample of consumers
of specialty foods from the above-mentioned countries, the findings of our model generally
showed that objective and subjective authenticity as well as identification with a product
affected stated willingness to consume. Objective authenticity had a direct influence on
stated willingness to consume in both countries. This was also a mediator of subjective
authenticity, while the latter was a mediator of the effect of identification on objective
authenticity. Unsurprisingly, only in the German sample did respondents” identification
with Algovian Emmentaler have a direct effect on their stated willingness to consume it.

This finding confirms previous literature. For instance, several studies showed that
consumers prefer products that reflect their actual or desired personality [44—46]. Ni-
inimaki [47] affirmed that consumers continuously construct their identity through the
consumption of products that reflect their personality. In this sense, a person’s identifica-
tion with the profile of green consumers positively influences his/her intention to purchase
environmentally friendly products [48,49]. As such, being a German specialty, the sample
of German consumers could identify with this cheese, but not the Italian one, although both
samples considered the cheese specialty to be authentic. Furthermore, being held across
two different timeframes and with a cross-country design, our scale seems to suggest that
a bi-dimensional construct might be a suitable means to measure authenticity”.

While the proposed model shows that subjective authenticity is clearly linked to
consumers’ ethical and sustainability-related attributes (Table 2), objective authenticity
displays a direct and measurable effect on the stated intention to consume the food specialty.
As mentioned before, the construct of objective-authenticity consists of items that range
from respect for the tradition, to the unique connection of the product with the place of
origin (Table 2). Thus, this dimension reflects the rationale of country-of-origin labels
such as PDO, Slow Food, etc., which identify a food with its origin and link food quality
with its geographical environment, including natural and human factors [39]. In line with
the results of Sidali and Hemmerling [25], this finding shows once again the reassuring
importance of food claims on credence attributes of food.

Modern consumers purchase foods from certified sources in order to access high-
quality foods and to contribute to environmental and society-friendly agriculture. However,
as remarked by De Haen and Réquillart [50], an important precondition for consumers to
express their preferences for food from sustainable production is availability of objective
information about the product and about process quality. Hence, policy intervention is
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called for to find a balance between the right of consumers to be adequately informed, and
in this way reduce their food illiteracy, and the right of the different stakeholders along
the food supply chain to run their businesses with the right amount of ‘entrepreneurial
freedom’ [50]. In other words, on the one hand, farmers and/or processors are already
overtasked by burdensome rules and standards, to the extent that it appears unrealistic
to expect them to accept further rules or certification schemes [50], but on the other hand,
many scholars agree on the necessity of investing in equity and sustainability in modern
agricultural systems as a moral societal task [51].

It is the opinion of the authors that country-of-origin such as PDO and PGI seem to
be effective means of conveying and reinforcing ethical and sustainability-related values,
as well as promoting best practices among agricultural food systems. GIs stem from the
necessity of reducing moral hazards in the way food is produced and consumed when
traded in the international marketplace, thus protecting both producers and consumers
from counterfeiting and fraud. As mentioned earlier in our study, governmental support
towards such specific certification schemes was successful in the past in helping those
producers who could not, or did not want to, opt for a product reformulation (pasteurized
milk instead of raw milk; forage instead of hay)—a recognized business practice of the
food industry, [51]—and enabled the emergence of long-term societal benefits with regard
to both product quality and consumer empowerment.

Furthermore, governmental support towards such schemes helps counterbalance
the downstream shift in the drivers of product differentiation, to the benefit of upstream
producers, as is shown in the case of wine production by [50]. A targeted and exemplary
policy to increase GI schemes has been offered through a piece of legislation in Italy. In order
to boost regional gastronomy, farms offering agrotourism are called upon to offer mostly
locally produced food products to their guests. Furthermore, to promote Italian regional
gastronomic traditions, the law recommends the provision of foods with protected quality
names such as PDO and PGI. In order to obtain ‘new relationships between agriculture
and society” [52], policy-makers need to facilitate the promotion of alternative food supply
chains, even if this means a rethinking of those food policies of Western governments
that have aimed to keep food prices low at all costs. The cost of tracking food specialties
is higher compared to the cost of producing a “placeless” product [53]. However, the
statistically significant effect of perceived authenticity on stated willingness to consume
displayed in our model indicates that consumers of traditional food specialties are ready
to pay a higher cost, if they perceive these products as authentic. This is also reflected in
the literature: on average consumers honour producers” higher costs by paying a higher
premium that can range from an average of 21% [54] to up to 300% [53], for a specialty
with a country-of-origin label. At an aggregated level, this means an empowerment of
consumers who are less distant from the locus of food production, as well as a redistribution
of profits along the food chain from those who sell on a large scale to those who grow
the food [51].

6. Conclusions

Prior studies have documented the importance of analysing the potential perception
of food products and have called for more work to analyse the communication of food
distinctiveness in both qualitative and quantitative ways [55]. In this article, the authors
have built an authenticity scale of food specialties using a cross-country design and have
tested the scale in two different timeframes in order to facilitate the comparison of results.
The findings of this study will be helpful for producers of certified foods by helping them
to improve their understanding of consumers’ specific views on authenticity, along with
which dimensions of authenticity—subjective or objective authenticity—most strongly
affect their stated willingness to consume specialty products. These findings also provide a
basis for marketing strategies that emphasize the origins of products and can help policy-
makers to develop national food policies. As an avenue for future research, it would be
interesting to analyse whether the proposed scale of perceived authenticity also holds true
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for other categories of traditional food specialties such as fresh fruits and vegetables or
meat products. This study does contain limitations as well. Although traditional food
specialties are at the heart of European Union initiatives in the food sector, rural areas
host even richer homemade, local and varied produce, which has been neglected by the
authors in this current study. To survey consumer understanding of such embedded,
often artisanal food, the current work could have integrated the authenticity scale with
qualitative research designed to unearth different levels of awareness of such products
among consumers. This would have provided the reader with a more complete picture
of consumers’ cognitive and affective dimensions of territorialized food. All in all, the
proposed scale is a departure point for further research. The authors are aware that the
validity of the current work remains in the hands of the research community who may
replicate this instrument and further define the extent of appropriateness of this measure
for future studies on authenticity in the food sector.
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The following abbreviations are used in this manuscript:
SEM Structural Equation Modelling

PDO Protected Denomination of Origin

PGI Protected Geographical Indication

GlIs Geographical Indications

Cmin/DF  Chi-Squared/Degrees of Freedom

CFI Comparative Fit Index

RMSEA Root Mean Square Error of Approximation
GFI Goodness-of-Fit Index

NFI Normed Fit Index

TLI Tucker-Lewis Index

PDO Protected Designation of Origin
Appendix A

Exploratory factor analysis. Items in bold were used in the confirmatory factor analysis
described in the article, while the others were excluded.

Factor Item Pre-Test Germany Italy
I can trust the name AE. - 0.733 0.775
AE cheese-makers are very
oriented toward respect for 0.581 0.701 0.799
tradition.

Objective Authenticity A comes from the best-known

country in the world for the * 0.696 0.765
production of this type of cheese.

Iam

sure that all the ingredients

of this product come from the 0.775 0.656 0.738
Algovian region.
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Factor

Item

Pre-Test

Germany

Italy

AE cheese-makers are not
mass-production companies.

0.625

0.574

I can imagine where this cheese
was produced.

0.742

I can imagine how this cheese is
produced.

0.712

I am certain that this cheese is
produced using traditional
methods.

0.720

I'am certain that the quality of this
product is above average.

0.702

This cheese does not seem to
contain artificial additives.

0.588

I am certain of the origin of this
product.

0.578

Subjective Authenticity

AE makes me feel close to the
producer.

0.616

0.805

0.836

AE allows producers to charge
fair prices.

0.622

0.713

0.784

AE is the embodiment of moral
purity.

0.646

0.677

0.745

AE allows the cheese-makers to
express themselves and be
creative.

0.512

0.588

0.743

AE supports the region
economically.

0.775

0.767

0.576

AE is trustworthy

0.720

0.774

AE tastes like all of the “earlier”
products and is certainly better
than conventional products

0.734

AE is traditionally hand-made.

0.722

0.714

This cheese protects the
biodiversity of the Algovian
region

0.660

Identification

This cheese fits my lifestyle and
the way I shop.

0.788

0.840

The consumption of this product
contributes to the improvement
of my wellbeing.

0.839

This cheese is the pride of a
culture with which I can identify
myself.

0.782

I can identify with this cheese.

0.750

0.811
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Factor Item Pre-Test Germany Italy
AE makes me smile because it is a
product from my childhood. # 0709 #
It doesn’t bother me that the taste
of this cheese can vary from day to 0.605 0.590 )

day like any other product made
by hand.

I find this cheese particularly
attractive because you cannot find 0.750 # 0.824
it in any store.

This cheese expresses who I am. - # -

Legend: Allgauer Emmentaler = Algovian Emmentaler. * Item was not given in the pre-test. - Item did not load on same factor.
# Item loaded to more than one factor or displayed loading < 0.5. Stated intention to consume Algovian Cheese was measured by
the following statement: I will definitely (continue to) eat Allgduer Emmentaler in the future.
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Abstract: Sociodemographic characteristics, including regional variations, have been associated
with different food consumption patterns. Behavioral factors and lifestyle variables may also
contribute to different food dietary trends. In this way, the present study intended to investigate
the consumption habits of the most relevant types of dairy products around the world and relate
them to sociodemographic factors, for example, age, sex, education and country as well as with
some anthropometric and behavioral aspects, for example, body mass index, satisfaction with body
weight and exercise or sedentary lifestyles. One other objective of the study was to categorize the
lifestyles of the participants, according to measured variables linked with hours of inactivity or
exercise, in order to use these as possible differentiating variables for the consumption of dairy
products. The study involved a questionnaire survey undertaken on a non-probabilistic convenience
sample of participants from Portugal (PT) and Brazil (BR), and participation was voluntary and
anonymous. The data analysis involved different statistical techniques: basic statistics, chi-square
tests, factor analysis, cluster analysis and tree classification analysis. The results showed that semi
skimmed milk is never consumed by about half of the participants (47.4% for PT and 46.7 for BR),
and those numbers increase for skimmed (64.8% for PT and 50.9% for BR), chocolate flavored milk
(82.6% for PT and 65.6% for BR) and enriched milks (94.8% for PT and 85.3% for BR). Cheeses are also
consumed in the two countries by small numbers of people. The number of participants consuming
imported cheeses in both countries was particularly low (only 4.0% consume these more than once a
week in both countries), suggesting national products may be preferred. It was further observed that
those who consume cheese do it seldom (once a week) or sometimes (2-3 times per week). Butter is
also consumed by only about half of the adult population (43.8% for PT and 49.5% for BR), but the
percentage of those who never consume butter increases for skimmed butter (66.0% for PT and 82.6%
for BR) and unsalted butter (70.2% for PT and 69.1% for BR). The consumption of yogurts also follows
similar low consumption patterns. The most frequently consumed yogurt types in Portugal are
liquid (30.5% consume regularly) and natural yogurts (34.8% consume regularly), while in Brazil
the most frequent are creamy fruit pulp yogurt (14.4% consume regularly), liquid (13.7% consume
regularly) and Greek type yogurt (10.2% consume regularly). A factor analysis and a cluster analysis
established groups according to lifestyles, as follows: 1—Screeners, 2—Exercisers, 3—Travelers and
4—Others. These lifestyles were found to be influential in the consumption of dairy products for all
classes of dairy tested: milk, cheese, yogurt and butter. For example, the screeners were found to
consume more milk, more butter, more cheese and more yogurt. Additionally, other influential factors
were age, seX, education, BMI and satisfaction with body weight. Nevertheless, country was not a
meaningfully discriminant variable in relation to the other variables included in the classification
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analysis. The results concluded that, despite some small differences in the patterns of consumption
of dairy products in both countries, the levels of consumption of dairy products are extremely low,
for all classes studied (milk, cheese, yogurt or butter). Additionally, it was concluded that some
factors are influential on the level of consumption of dairy products, and therefore decision makers
can plan their interventions according to the characteristics of the targeted segments of the population,
according to lifestyle, age, sex, education, BMI and satisfaction with body weight.

Keywords: milk; cheese; butter; yogurt; questionnaire survey

1. Introduction

Dairy products are one of the basic food categories in human diets all over the world. These food
products include milk and its derivatives, for example, butter, cheese, fermented milk and yoghurts.
According to the Milk Market Observatory of the European Commission in October 2020 [1], in the
European Union in the last 12 months there was an increase of 1.6% in the collection of cow’s milk,
a small decrease in the production of fermented milk by 0.6%, an increase of 1.4% in the production
of cheese and an increase of 2.2% in the production of butter. The highest increase was observed for
powdered whole milk at 5.6%. Regarding yogurt production in the 28 countries of the European
Union, in 2019 8163 thousand tons of acidified milk products were produced, including yogurts and
others [2]. Data reporting to the World production of the main dairy products issued by the Milk
Market Observatory of the European Commission released in May 2020 [3] show that in the United
States in 2019 5959 thousand tons of cheese and 904 thousand tons of butter were produced. The data
further shows that the primary milk producer in 2019 was India (194,200 thousand tons), followed by
the European Union (160,000 thousand tons) and the United States (99,155 thousand tons).

The consumption of dairy products is recommended by many organizations around the world
due to their nutritional richness, and for that reason they are indicated for consumption throughout
the entire life cycle, from infants to elderly [4,5].

Dairy products can contain high amounts of protein of high biological value, as well as vitamins
(particularly the fat-soluble vitamins A and D and the B complex vitamins By—riboflavin and
Bjp—cobalamin) [6-9] and dietary minerals (such as calcium, phosphorus, sodium, magnesium,
potassium and iodine) [10-12]. They also contain carbohydrates, especially in the form of lactose,
which might be problematic for some consumers with lactose intolerance. However, people suffering
from this pathology, which causes gastrointestinal malfunctioning, do not derive their symptoms
exclusively form the consumption of dairy products, contrarily to popular belief, as discussed by
Jansson-Knodell et al. [13]. Usual gastrointestinal symptoms that can appear after lactose ingestion in
individuals with lactose intolerance include abdominal pain, diarrhea, flatulence and bloating [14].
Some people believe they have lactose intolerance when they in fact have not been diagnosed by a
physician, and their gastrointestinal problems are derived from something other than lactose [13,15].
Nevertheless, those individuals who believe themselves to be lactose intolerant or who follow
fashionable dietary trends tend to avoid milk and other related dairy products [15-17]. By avoiding the
consumption of dairy products these individuals may suffer from insufficient basic nutrients, increasing
the risk of certain health problems, for example, poor bone health, in turn increasing the risk for
osteoporosis [14,18]. Besides, dairy products contain fat, part of which is saturated, a type of fat that has
been associated with some health problems. However, this is not consensual because there are a large
number of studies which have proven the contrary, i.e., that limiting dietary saturated fatty acid intake
showed no benefits on cardiovascular disease and total mortality, while showing protective effects
against stroke and high blood pressure [19,20]. Finally, dairy products also contain substances with
physiologically active properties, such as antioxidants, oligosaccharides, probiotic bacteria, butyric acid,
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immunoglobulins and active peptides, which have been investigated for their beneficial roles in the
human body [21-25].

Sociodemographic characteristics are usually associated with different food consumption patterns.
Additionally, behavioral factors and lifestyle variables also contribute to different food dietary
trends. For example, Khandpur et al. [26] found differences in the consumption of ultra-processed
foods according to age, socioeconomic status, area of residence and geographical region but not
gender. Riedeiger et al. [27] reported that female gender, household education and high income
had a positive impact on fruit and vegetable consumption among adolescents. Nayga [28] reported
sociodemographic influences on consumer concern about irradiated foods, or foods containing
antibiotics, hormones and pesticides.

In the case of dairy products, Richter and Sanders [29] evaluated sociodemographic influences on
the consumption of dairy products in Switzerland and concluded that age and income were important
influencers for consumption of organically produced dairy products. Miftari et al. [30] investigated the
role of demographic and socioeconomic factors on dairy product consumption in Kosovo and found
that age, education, income, household size and number of children influenced consumption patterns.
Shi et al. [31] reported that socio-economic status was strongly associated with consumption of milk
in Chinese adolescents. Baek and Chitekwe [32] observed differences in the consumption of diverse
foods, including dairy products, according to geographic location and income.

The consumption of dairy products may have a preventive role in some diseases that affect people
all over the world, and therefore in Portugal and Brazil. One of the most recognized health benefits
associated with the consumption of dairy products is the prevention of osteoporosis [33-35]. The study
by Rodrigues et al. [36] aimed at characterizing the state of osteoporosis in post-menopausal women in
Portugal and showed that 43% of them suffered from osteoporosis, leading to important healthcare
consumption and treatment costs. In Brazil, according to Radominski et al. [37], the guidelines issued
by the Osteoporosis and Osteo-metabolic Diseases Committee of the Brazilian Society of Rheumatology,
in conjunction with the Brazilian Medical Association and other Societies, dictate that women over 50
should ingest up to 1200 mg of calcium per day, preferably in their diet, by consuming milk and dairy
products. As far as we know, the consumption of dairy products in Portugal and Brazil have not been
investigated, and therefore, this study was carried out to investigate people’s consumption of dairy
products and to what extent sociodemographic, anthropometric and behavioral factors associated with
lifestyle influence the consumption of dairy products. Additionally, and because the study was carried
out in two countries, differences between the countries were investigated. One other objective of the
study was to categorize the lifestyles of the participants, according to measured variables linked with
hours of inactivity or exercise, for example, in order to use these as possible differentiating variables
for the consumption of dairy products.

2. Materials and Methods

2.1. Data Collection and Sample Characterization

This work was based on the application of a questionnaire, which was developed purposely
for this research, in order to investigate consumption habits regarding dairy products, such as
milk, yogurt, cheese or butter. The questionnaire was validated and approved for the study.
The questionnaire included different parts, as follows: Part 1: Sociodemographic data (5 questions);
Part II: Anthropometric and behavioral aspects (10 questions); Part III: Consumption habits regarding
dairy products (21 questions distributed as follows—4 for milk products, 7 for cheeses, 3 for butter,
7 for yogurt). The complete questionnaire is attached in Appendix A. The data collected was based
on the participants’ self-responses for frequencies of consumption on the scale provided: Never,
Seldom (Once/week), Sometimes (2-3 times/week), Frequently (once/day) and Always (+ 1 time/day).

To undertake this descriptive cross-sectional study a non-probabilistic convenience sample was
used, consisting of adult citizens from Brazil and Portugal. Hence only participants aged 18 years or
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older were included in the study, and these had to provide consent to participate. One other inclusion
criteria, derived from the mode of survey delivery, was to have access to a computer and internet as well
as to have the necessary knowledge to be able to use the technology and the platform through which
the questionnaire was presented. These two countries were selected due to being connected through
language and culture, since Brazil was once a colony of Portugal, and also because nowadays they
receive different influences related to geographical location: one in the South American continent and
the other in Western Europe. The choice of a convenience sample was owing to facility of recruitment
and place of residence, and it was intended to have a similar sample size in each of the countries.
One important advantage of convenience samples is precisely the ease of recruitment, despite not
allowing generalization according to estimates of sociodemographic differences. Still, they represent
an adequate tool for exploratory research, as is the present case [38—42]. The survey took place through
an internet questionnaire platform and 914 answers were obtained. The data collection took place
between November 2019 and April 2020. The answers were obtained only from adult citizens (aged 18
or over), and after informed consent. Extreme care was taken to verify all ethical guidelines when
formulating and applying the questionnaire. Finally, confidentiality of the individual answers was
guaranteed to comply with ethical principles. The survey was registered and approved by the Ethics
Committee of the Polytechnic Institute of Viseu before application.

2.2. Data Analysis

Body mass index (BMI) was calculated from self-reported values of height and weight, according to
the equation:

BMI (kg/n?) = Weight (kg) )2 &)
[Height (m)]

Participants were then classified according to the World Health Organization (WHO) classification
for BMI as: underweight: BMI < 18.5; normal weight: 18.5 < BMI < 25; overweight: 25 < BMI < 30;
obesity: BMI > 30. There are other classes of obesity, differentiating the degree of obesity, but for the
present study these four classes were considered sufficient [43,44].

Sociodemographic information was also collected and age 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 the elderly (aged 66 years or over).

For the analysis of the data different basic descriptive statistical tools were used, such as frequencies
and descriptives, including minimum, maximum, mean value and standard deviation. 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 coefficient was used to analyze the strength of the significant relations
found between some of the variables. This coefficient ranges from 0 to 1 and can be interpreted as
follows: V = 0.1, the association is considered weak, V ~ 0.3, the association is moderate, and V ~ 0.5
or over, the association is strong [45].

Factor analysis (FA) and cluster analysis (CA) were used to treat data obtained for lifestyle
variables: ePractice of physical exercise; -Daily hours traveling walking or riding a bike; eDaily hours
watching TV; eDaily hours playing with computer or mobile phone or on social networks; eDaily
hours working on computer; eDaily hours traveling inactively (in car, motorbike, bus, train, etc.).
The correlation matrix, the Kaiser-Meyer-Olkin measure of adequacy of the sample (KMO) and Bartlett’s
test were all used to confirm the adequacy of data for FA [46]. The FA was applied with extraction
by principal component analysis (PCA) method and Varimax rotation with Kaiser Normalization,
being the number of components determined by the Kaiser criterion (eigenvalues >1) and also by the
scree plot. Communalities were calculated to show the percentage of variance explained by the factors
extracted [46]. Only factor loadings with absolute of 0.4 or higher were used [47,48].

Cluster analysis (CA) of the factors resulting from FA started with four hierarchical methods to find
the most adequate number of clusters, based on the agglomeration schedule: average linkage—between
groups (AL-BG), average linkage—within groups (AL-WG), centroid and Ward. This procedure allowed
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fixing the number of clusters at four and then applying the k-means, which is particularly recommended
and frequently used in cluster analysis [49]. The application of k-means was made using the initial
solutions obtained with the four hierarchical methods.

To treat the data obtained for the frequency of consumption of certain dairy products, a mean
value was computed for each of the dairy product categories: milk, cheese, butter and yogurt.
The measurement scale for the individual consumption variables was: 1—Never, 2—Seldom
(once/week), 3—Sometimes (2-3 times/week), 4—Frequently (once/day) and 5—Always (more than
once/day). However, the variables accounting for the average consumption for each category were
real numbers varying from 1 to 5, and their interpretation was made according to the following
defined scale: low consumption—value € (1.0, 2.5), moderate consumption—value € (2.5, 3.5),
high consumption—value € (3.5, 5).

The variables accounting for the average level of consumption of the four categories of dairy
products were submitted to a tree classification analysis for evaluation of the relative importance of
each of the possible influential variables considered: country, sex, age class, education, BMI class,
satisfaction with body weight, balanced diet, and lifestyle clusters. The analysis followed the CRT
(Classification and Regression Trees) algorithm with cross validation and with minimum change in
improvement of 0.0001, considering a limit of 5 levels and the minimum number of cases for parent or
child nodes equal to 30 and 20, respectively.

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. Sociodemographic Characterization of the Sample

From the 914 participations obtained, 64 were rejected because the questionnaires were incomplete
or not properly filled out, resulting in a sample of 850 valid responses, 430 from Brazil and 420 from
Portugal. Table 1 shows the sociodemographic characteristics of the 850 participants included in the
sample studied. The number of participants from both countries was similar, corresponding to 50.6%
from Brazil and 49.4% from Portugal, but the distribution according to sex was not equal, having more
women (65.1%) than men (34.9%).

Table 1. Sociodemographic characteristics of the participants.

Variable Class N %
Country Brazil 430 50.6
Portugal 420 49.4
Sex Female 553 65.1
Male 297 34.9
Age Class Young adults (18 < age < 25 years) 231 27.2
Middle aged adults (26 < age < 50 years) 403 475
Senior adults (51 < age < 65 years) 203 239
Elderly (age > 66 years) 12 1.4
Marital status Single 372 43.8
Married or living together 412 48.5
Divorced or separated 53 6.2
Widowed 13 1.5
Education level Primary school (4 years) 5 0.6
Basic school (9 years) 7 0.8
Secondary school (12 years) 101 11.9
University degree 737 86.7
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The participants were aged between 18 and 82, most of them, 47.5%, were middle aged adults
(26 < age < 50 years), and those less represented, only 1.4%, were the elderly (age > 66 years).
The distribution of the participants according to their marital status shows that most of them
were married (48.5%) or single (43.8%). Regarding the level of education, the large majority of the
participants had completed a university degree (86.7%).

3.2. Anthropometric Measures

Table 2 presents the anthropometric measures of the participants. The average height was
1.68 + 0.09 m for the whole sample, with men showing higher values (1.76 + 0.07) as compared with
women (1.63 + 0.06), as usually happens. The average weight was 70.06 + 15.80 kg, and the difference
between men and women was considerable for this sample: 63.71 + 11.96 and 81.87 + 15.28 kg,
respectively. The calculated BMI was 24.73 = 4.50 kg/m? for the whole sample, being also higher for
the men (26.34 + 4.40 kg/m?) as compared to women (23.86 + 4.31 kg/m?). It is important to notice
that these measures were self-reported and, therefore, some inaccuracy might be present, this being a
limitation of this kind of assessment of anthropometric measures.

Table 2. Anthropometric measures of the participants.

Sex Measure @ N® Minimum Maximum M+ SD ©
Women Height (m) 552 1.38 1.80 1.63 + 0.06
Weight (kg) 552 40.00 120.00 63.71 £ 11.96
BMI (kg/m?) 552 15.43 43.03 23.86 = 4.31
Men Height (m) 297 1.54 2.00 1.76 £ 0.07
Weight (kg) 297 44.0 140.0 81.87 +15.28
BMI (kg/mz) 297 15.94 41.67 26.34 +4.40
Global Height (m) 849 1.38 2.00 1.68 + 0.09
Weight (kg) 849 40.0 140.00 70.06 + 15.80
BMI (kg/mz) 849 1543 43.03 24.73 £ 4.50

@ BMI = body mass index = (weight/heightz). ®) N = number of values used in the calculations. () Mean values
(M) and standard deviation (SD).

The participants’ BMI was classified according to the World Health Organization into the four
principal classes as shown in Table 3. Most participants have a normal weight (56.5% for the whole
sample), but mostly in women (65.0%) when compared with men (40.4%). However, the incidence of
overweight is worrying (26.0% for the whole sample), particularly in men (39.1%), while in women the
percentage is lower (19.0%), but still important. Even raising more concern is the percentage of obese
participants (13.4%, 18.5% and 10.7%, respectively for global, men and women), considering the risks
that this brings to health, associated with diabetes and heart related diseases [50-53].

Table 3. Classification of the participants’ Body Mass Index (BMI = weight/height?).

BMI ! Classification: N Wormen % N Men % N Global %
Underweight: BMI < 18.5 29 53 6 2.0 35 41
Normal weight: 18.5 < BMI < 25 359 65.0 120 40.4 479 56.5
Overweight: 25 < BMI < 30 105 19.0 116 39.1 221 26.0
Obese: BMI > 30 59 10.7 55 18.5 114 13.4

1 BMI = body mass index = (weight/height?).
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3.3. Lifestyle

One aspect investigated related to the participant’s self-perception about the practice of a balanced
diet. Unbalanced diets lead to malnutrition, referring either to under-nutrition or to over nutrition.
Nevertheless, very often malnutrition is associated with excessive calories in relation to requirements,
coupled with low intake of micronutrient-rich foods [54]. Food security entails aspects such as
availability, utilization and access, but these may not necessarily cover nutritional aspects. In fact,
easily accessed and available food products may not necessarily provide a healthy and balanced
diet. The Family Nutrition Guide of the FAO (Food and Agriculture Organization of the United
Nations) [55] states that a balanced diet should be able to provide the right amount of food, energy and
nutrients needed during the day to cover the dietary requirements of a particular person. Additionally,
a balanced diet must include a variety of foods from different food groups to ensure the supply of all
the nutrients needed for adequate body functioning, thus significantly contributing to a healthy life,
while at the same time lowering mortality incidences related to malnutrition. Because a healthy diet
needs to be balanced, the participants were asked about the frequency with which they practiced a
balanced diet.

Table 4 shows the results obtained for this question, considering the possible effect of some
sociodemographic variables, assessed through chi-square tests. When considering the global sample,
it was found that nearly half of the participants (46.9%) believed they frequently practice a balanced
diet, while 16.5% responded that they always have a balanced diet. A considerable fraction (30.0%)
responded to eating a balanced diet only sometimes.

Additionally, Table 4 also shows that no significant differences were found between sexes
(p = 0.060), but considering the two countries involved significant differences were encountered
(p < 0.0005), with participants from Portugal reporting a higher frequency of balanced diet as compared
with Brazilians, although the association between these two variables (balanced diet and country)
was weak (V = 0.198).The results in Table 4 also show that high percentages of underweight
and obese participants admitted to practicing a balanced diet only sometimes (45.7% and 37.7%,
respectively), and people who are overweight believed they frequently consume a balanced diet
(50.7%). These differences were significant (p = 0.001), but with a low association (V = 0.116).
Considering age classes, an significant number of young adults state that they have a balanced diet
only sometimes (41.6%), but the care for a balanced diet increases for the elderly, with 58.3% saying that
they always have a balanced diet. These differences were significant (p < 0.0005). Older people tend to
have more health problems, sometimes suffering from non-communicable and age related diseases,
thus making it more important to have a healthier food intake, either because they want to remain
healthy or to diminish the morbidity associated with their diseases. Results from countless studies
have revealed that healthy dietary patterns are associated with a reduced risk of developing several
chronic diseases or having a better control of these, such as obesity, dyslipidemia, hypertension and
diabetes mellitus. Hence, for the elderly, nutrition assumes a particular role in the maintenance of
acceptable health standards and functional capacity [56,57]. As for marital status, the widowed showed
a higher frequency of balanced diet as compared with the other groups (single, married or divorced),
with 61.5% having a balanced diet frequently and 15.4% always. These results are in line with those
of age class, since most often the widowed consisted of older people, who had already lost their
spouses. The differences are significant (p = 0.009), although the association between balanced diet
and marital status is weak (V = 0.102). Finally, the results showed that higher education levels are
associated with higher frequency of practicing a balanced diet, with the percentages of participants
who report this frequently increasing systematically from 20.0% for people with the lowest level of
education completed, up to 47.8% for participants with a university degree. Again, these differences
were significant (p < 0.0005). These results clearly indicate that more educated people are better aware
of the importance given to a proper diet to benefit from a globally healthier status [58].
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Table 4. Practice of a balanced diet.

Variable/Group Never Seldom  Sometimes Frequently Always
Global (%) 0.9 5.6 30.0 46.9 16.5
Sex Women (%) 0.4 5.1 28.9 479 17.7
Men (%) 2.0 6.8 32.0 45.1 14.1
x2 test * N = 850; p-value = 0.060
Country Brazil (%) 1.2 8.4 35.8 41.6 13.0
Portugal (%) 0.7 29 24.0 52.4 20.0
xz test * N = 850; p-value < 0.0005; Cramer’s V = 0.198
BMI class Underweight 0.0 57 45.7 37.1 11.5
Normal weight 0.4 42 27.3 47.8 20.3
Overweight 0.9 6.8 29.4 50.7 12.2
Obese 3.5 9.6 37.7 38.6 10.6
Xz test * N = 849; p-value = 0.001; Cramer’s V = 0.116
Age class Young adults 1.7 8.7 41.6 35.0 13.0
Middle aged 0.7 55 25.3 53.8 149
adults
Senior adults 0.5 3.0 26.6 48.3 21.6
Elderly 0.0 0.0 25.0 16.7 58.3
XZ test * N = 849; p-value < 0.0005; Cramer’s V = 0.148
Marital Single 13 7.0 36.3 43.8 11.6
status Married 0.5 5.1 245 493 20.6
Divorced 1.9 1.9 30.2 47.2 18.8
Widowed 0.0 0.0 23.1 61.5 154
X2 test * N = 850; p-value = 0.009; Cramer’s V = 0.102
Education Primary 20.0 0.0 60.0 20.0 0.0
Basic 0.0 14.3 57.1 14.3 14.3
Secondary 0.0 119 32.7 44.6 10.8
University 0.9 47 29.2 47.8 17.3
Xz test * N = 850; p-value < 0.0005; Cramer’s V = 0.123

* Chi-square test, level of significance of 5% (p < 0.05). The Cramer’s V was only indicated for cases where significant
differences were observed.

Another aspect investigated in this research was the satisfaction with body weight, and the results
are shown in Table 5 for the global sample and also according to BMI classes and to the practice of a
balanced diet. Most participants (40.1%) believed they are of normal weight but would still like to lose
2to5kg.

Considering the underweight participants, 42.9% are aware of their condition, and stated they
would like to gain a few kilos (Table 5). Of the participants with normal weight, an important part
(39.5%) is satisfied with their body weight and wish to maintain it, while 46.4% would like to lose 2
to 5 kg, even though they know their weight is normal. For those participants who are overweight,
a high percentage (48.9%) wrongly think they have normal weight but would still like to lose 2 to
5 kg, and 32.1% are conscientious about being overweight. From the obese participants, 75.4% know
about their condition and would like to lose a few kilos, but say they have tried and not succeeded.
These results are interesting, because they reveal that, in general, the participants were aware of their
bodyweight status.

The results in Table 6 refer to the practice of physical exercise and also the level of activity related
to active daily traveling, by walking or riding a bike, for example. Most participants (38.8%) practiced
exercise occasionally, i.e., once a week, but a considerable part (33.9%) does 2 to 3 times a week, which is
the frequency recommended for most cases. Nevertheless, 17.4% of participants never do physical
exercise, which can have a very negative impact on health at so many levels [59-62]. Regarding active
traveling, for example to and from work, most participants (52.2%) do not or do less than half an hour
per day, but 33.8% spend between 30 min and 1 h daily in these activities.
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Table 5. Satisfaction with body weight.

BMI Class
- = -
R T
: . B ‘D o ]
Satisfaction ° g 2 E o
= )
° f§ E § 0
£ 5 3
= z
I am satisfied with my body weight and I want to keep it (%) 255 229 39.5 72 3.5
I have normal weight, but would like to lose 2 to 5 kg (%) 40.1 57 46.4 489 7.0
I'am underweight, but I feel good like this (%) 2.5 25.7 2.5 0.0 0.0
I'am underweight and would like to gain 2 to 5 kg (%) 42 429 42 0.0 0.0
Tam ov-erwelght and I would like to lose a few kilos, but I 20.9 28 42 21 5.4
have tried and I cannot (%)
I am overweight and do nothing to change this (%) 0.0 0.0 0.0 0.0 0.0
Other (%) 6.8 0.0 3.2 11.8 14.1
N = 849; p-value < 0.0005; Cramer’s
2 * ’ ;
X* test * (for BMI Class) V = 0.500
Balanced diet
3 =
- E - 7
Satisfaction g S g 5 >
9] = 7} g_ E
z & g g <
7] =

I am satisfied with my body weight and I want to keep it (%) 12.5 14.6 17.6 26.6 414

I have normal weight, but would like to lose 2 to 5 kg (%) 12.5 29.2 37.3 454 35.7
I am underweight, but I feel good like this (%) 12.5 6.3 4.7 1.0 0.7
I'am underweight and would like to gain 2 to 5 kg (%) 0.0 42 6.7 3.3 2.1
Tam ov.erwelght and I would like to lose a few kilos, but I 5.0 457 267 165 14.4
have tried and I cannot (%)

I'am overweight and do nothing to change this (%) 0.0 0.0 0.0 0.0 0.0
Other (%) 37.5 0.0 7.1 72 5.7
%2 test * (for balanced diet) N = 850; p-value < 0.0005; Cramer’s V = 0.165

* Chi-square test, level of significance of 5% (p < 0.05). The Cramer’s V was only indicated for cases where significant
differences were observed.

Table 6. Physical activity.

Intensity of Physical Activity N %
Never 148 17.4
Physical exercise Occasionally (1 time/week) 330 38.8
Y Moderate (2-3 times/week) 288 339
Intense (>3 times/week) 84 9.9
0:00-0:30 h 444 52.2
S . 0:30-1:00 h 287 33.8
Egﬁly t;“;‘i’kvgalkmg o 1:00-2:00 h 85 10.0
& 2:00-5:00 h 26 31
>5:00 h 8 0.9

Table 7 presents the results obtained for the hours spent daily on sedentary activities. The results
indicated that a high percentage (32.4%) spend between 1 and 2 h watching TV, and 13.8% spend up to
5 h watching TV. The participants do not engage much in activities like playing with computers or
mobile phones or on social networks, i.e., screen entertainment, with 39.9% spending less than 30 min
per day in those activities. On the other hand, the use of computers for professional purposes is a reality
for the great majority of the participants, with 30.4% spending between 2 to 5 h, and 39.6% spending
more than 5 h daily working on the computer. Finally, the daily hours of inactive traveling, for example
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in a car, motorbike, bus or train, are low, less than 30 min for 54.2% of participants, or between 30 min
and 1 h for 30.4% of participants.

Table 7. Sedentary lifestyle.

. Hours per day
Inactivity
0:00-0:30  0:30-1:00  1:00-2:00  2:00-5:00 >5:00
. N 193 246 275 117 19
Watching TV % 27 28.9 324 13.8 22
5 rertaining | N 339 189 194 98 30
creen entertaining % 39.9 222 22.8 115 36
Working on computer N 65 70 121 258 336
% 76 8.2 142 30.4 39.6
Traveling inactive 2 N 461 258 104 19 8
raveling inactive % 54.2 304 12.2 22 1.0

1 Playing with computer or mobile phone or on social networks. 2 In car, motorbike, bus, train, etc.
3.3.1. Factor Analysis for Lifestyle

Some variables related to lifestyle were subjected to exploratory FA, starting with Principal
Component Analysis (PCA), to identify a possible grouping structure between the variables used to
evaluate aspects related to physical activity or sedentary lifestyle of the participants.

The correlation matrix showed some correlations between the variables, although they were
relatively weak. The value of KMO was low (0.496), but the results of the Bartlett’s test of sphericity
indicated adequacy for applying FA (p < 0.0005), thus leading to the rejection of the null hypothesis
that the correlation matrix was equal to the identity matrix. Analysis of the anti-image matrix revealed
that values of MSA (Measure of Sampling Adequacy) were close or above 0.5, meaning that in general
the variables could be included in the analysis. The solution obtained by rotation of FA with PCA
originated three components, explaining 59.7% of total variance, distributed by the three factors as:
F1—22.4%, F2—19.3% and F3—18.0%. All variables had communalities higher than 0.4: the variable
practice of physical exercise had the highest value (0.827, indicating that this variable had 82.7%
of its variance explained by the solution), while the variable with lowest communality was daily
hours working on computer (0.509). Rotation converged in five iterations and extracted three factors,
grouping the variables as shown in Table 8.

Table 8. Component matrix obtained by factor analysis to variables related with active or

sedentary lifestyles.
Factors Variable Component
F1: Screens TV = daily hours watching TV 0.675
LC = daily hours leisure: playing with computer or mobile phone or on 0722
social networks '
WC = daily hours working on computer —-0.558
F2: Travelling TI = daily hours traveling inactive (in car, motorbike, bus, train, etc.) 0.727
WR = daily hours traveling walking or riding a bike 0.739
F3: Exercise PE = practice of physical exercise 0.904

Considering the components in Table 8, F1 was clearly linked to activities related to screens,
where watching TV and playing on screen devices have positive high loads, while the use of computer
for work has a considerable load, but negative, indicating that these variables contribute strongly
to the definition of the factor. Factor F2 is strongly linked with variables related to daily hours of
traveling, either active or inactive, and finally F3 is very strongly related with only one variable,
which is physical exercise.
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3.3.2. Cluster Analysis for Lifestyle

The factors identified though FA were subject to CA in order to perceive if there was a cluster
structure among the people surveyed. Cluster analysis was based on the three factors resulting from
FA and started with four hierarchical methods that indicated that four clusters was the most suitable
grouping structure for this set of data. Following that, the k-means method was applied using as
initial solutions those obtained with the hierarchical methods. In all cases, the k-means cluster analysis
produced clustering variables with means that differ significantly, as indicated by ANOVA since
p-value < 0.0005 for the three input variables, i.e., factors F1 to £3. The results obtained for the cluster
centers and number of members are presented in Table 9 and show that the four initial solutions tested
converged to a similar final solution. Because the final solutions obtained from WARD and AL-BW
methods converged to the exact same one, this was then considered as the final solution, which is
characterized by:

e Cluster 1: individuals with strong focus on F1 and negative input for F2 and F3, i.e., those whose
lifestyle is very much dominated by screens. These were named screeners;

e Custer 2: individuals with strong focus on F3 and negative input for F1 and F2, i.e., those whose
lifestyle is very influenced by physical exercise. There were named exercisers;

e  Cluster 3: individuals with strong focus on F2 and negative input for F1 and F3, i.e., those whose
lifestyle is very strongly dominated by daily travelling hours. There were named travelers;

e  Cluster 4: individuals with negative input for all three factors, i.e., those whose lifestyle is inversely
associated with screens, travelling and exercise. Because these participants did not present a
specific feature, this group was named others.

Table 9. Final cluster centers and number of members.

Hierarchical Number of Final Cluster Centers
Cluster Initial Solution Members
Factor F1 Factor F2 Factor F3

Ward 179 1.390 ~0.167 —0.451

AL-WG 179 1.390 ~0.167 —0.451

Cluster C1 AL-BG 177 1.351 ~0.229 —0.465
Centroid 178 1.364 —0.211 —0.440

Ward 272 ~0.168 ~0.285 1.009

AL-WG 272 ~0.168 ~0.285 1.009

Cluster C2 AL-BG 284 -0.238 ~0.386 0.922

Centroid 281 ~0.202 -0.321 0.964
Ward 132 ~0.261 1.697 —0.083
AL-WG 132 ~0.261 1.697 —0.083

Cluster C3 AL-BG 140 —0.048 1.681 0.114
Centroid 135 -0.156 1.720 ~0.033
Ward 267 ~0.632 —0.437 —0.685
AL-WG 267 —0.632 —0.437 —0.685
Cluster C4 AL-BG 249 ~0.662 ~0342 ~0.785
Centroid 256 —0.645 —0.407 ~0.735

3.3.3. Cluster Characterization

To better understand the type of people who fall into each of the four categories that cluster
analysis indicated, cross tabulation between cluster membership and the sociodemographic and
behavioral variables was undertaken (Table 10).
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Table 10. Cluster membership according to sociodemographic variables.

Variable Grou Cluster 1 Cluster 2 Cluster 3 Cluster 4
P Screeners Exercisers Travelers Others

Countr Brazil (%) 30.0 22.8 32.8 144
y Portugal (%) 11.9 402 31.2 16.7
S Women (%) 20.8 34.2 30.4 14.6
ex Men (%) 215 26.3 35.0 172
Young adults (%) 44.2 19.9 24.2 11.7
Age Middle aged adults (%) 114 36.5 335 18.6
8 Senior adults (%) 12.8 35.0 38.4 13.8
Elderly (%) 33.3 25.0 25.0 16.7
Primary (%) 60.0 0.0 0.0 40.0
Education level Basic (%) 429 28.6 0.0 28.6
ucation leve Secondary (%) 36.6 22.8 27.7 129
University (%) 18.5 32.8 33.1 15.6
Single (%) 317 245 285 153
Marital stat Married (%) 129 374 34.2 155
arital status Divorced (%) 113 32.1 37.7 189
Widowed (%) 154 38.5 38.5 7.7

The results in Table 10 show that Portuguese participants are essentially exercisers (40.2%) while
Brazilians were travelers (32.8%). While a major part of the women surveyed were exercisers (30.4%),
men were mostly travelers (35.0%). Regarding the age class, young adults and the elderly were
mostly screeners (44.2% and 33.3%, respectively), while middle aged adults were exercisers (36.5%),
and senior adults were travelers (38.4%). While participants with a university degree were exercisers
and travelers (32.8 and 33.1%, respectively) those with lower levels of education were mostly screeners
(60.0% for primary school, 42.9% for basic school and 36.6% for secondary school). As for marital
status, most single participants were screeners (31.7%), while those married, divorced and widowed
were exercisers and travelers, in relatively similar percentages.

Table 11 shows the cross tabulation between cluster membership and some anthropometric and
lifestyle variables, specifically BMI and frequency of practicing a balanced diet. Results showed that
underweight people are essentially screeners (37.1%) and travelers (34.3%), those with normal weight
are exercisers (31.7%) and travelers (32.4%) and so are the overweight (34.4% exercisers and 32.6%
travelers). The obese are equally distributed by clusters 1 (screeners: 28.1%), 2 (exercisers: 27.2%)
and 3 (travelers: 28.9%). Regarding the practice of a balanced diet, those who practice it frequently
or always are exercisers and travelers, while those who never or seldom have a balanced diet are
screeners or exercisers.

Table 11. Cluster membership according to some anthropometric and lifestyle variables.

Variable Group Cluster 1 Cluster 2 Cluster 3 Cluster 4
Screeners Exercisers Travelers Others
Underweight (%) 37.1 20.0 343 8.6
IMC class Normal weight (%) 20.9 31.7 324 15.0
Overweight (%) 15.4 344 32.6 17.6
Obese (%) 28.1 27.2 28.9 15.8
Never (%) 37.5 37.5 0.0 25.0
Seldom (%) 37.5 37.5 12.5 12.5
Balanced diet Sometimes (%) 32.9 29.4 20.0 17.6
Frequently (%) 14.8 32.1 40.9 12.3
Always (%) 10.7 30.7 37.1 21.4
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3.4. Consumption Habits Regarding Dairy Products

Table 12 shows the consumption habits of dairy products in Portugal and Brazil. Concerning milk
consumption, for both countries the percentage of participants who never consume milk products
is high, ranging between 46.7% (Brazil: never consume semi skimmed milk) to 94.8% (Portugal:
never consume enriched milk). For those who consume milk, it was observed that 52.6% of Portuguese
and 53.3% of Brazilians consume semi skimmed milk revealing a similar trend in both countries,
although with variability according to the frequency of consumption. In Portugal, a higher frequency
was observed for consumption of semi skimmed milk once a day (20.2%) and for Brazil for once a week
(24.2%). On the other hand, the consumption of skimmed milk presents bigger differences between
countries: 49.1% of Brazilians and 35.2% of Portuguese consume it, and in both countries a higher
percentage of participants consume it rarely (13.8% and 27.9%, respectively, for Portugal and Brazil).
This survey shows that the consumption of chocolate flavored and enriched milks is very low in these
two countries, particularly in Portugal. Brazilians consume more chocolate flavored milk (34.4%) than
the Portuguese (17.4%), but in both countries this is consumed with a very low frequency (seldom).
In Portugal there is a slightly higher percentage of people who never consume enriched milk (94.8%)
as compared with Brazil (85.3%). However, because portion and serving sizes were not specified in the
questionnaires, the obtained responses may not be fully indicative, given that different participants
may have interpreted the questions differently.

Milk and dairy products are considered by the FAO as important in the human diet, given their
high quality protein and micronutrients in an easily absorbed form [63]. However, it has been reported
in several sources that milk intake has gradually declined over the past decades [64-66], maybe due to
the aforementioned gastrointestinal problems that can appear after lactose ingestion [14]. There are
considerable studies related to the health benefits of milk consumption e.g., for bone strength [33,67-69],
risk factor of osteoporosis [70] and protective effects against asthma, current wheeze, hay fever or
allergic rhinitis, and atopic sensitization [71]. Concerning this point of view, some controversial
studies can be found, like that of Wang et al. [72], which concluded that the risk associated with
the consumption of milk depends on the quantities, so that moderate milk consumption diminished
the risk of mortality associated with cardiovascular diseases and a high milk consumption showed
an increased risk of cancer mortality. Specifically, in the two countries under study, some studies
have addressed the problem of osteoporosis in Portugal and in Brazil [36,37], a recent investigation
evaluated the sleep patterns in Brazilian children and the consumption of dairy products [73] and one
study shows arterial hypertension management strategies according to some factors, such as dietary
management, including milk and dairy product recommendations [74].

More recently a variety of enriched milks have appeared in the market, mainly with calcium and
vitamin D. Calcium is critical for children’s development and is necessary for skeletal consolidation and
preventing fractures and osteoporosis in old age [75,76]. According to the Dietary Guidelines Advisory
Committee [77], lower calcium consumptions are linked with adverse health outcomes. The importance
of vitamin D is well known owing to its importance in helping with the fixation of calcium in the bones,
among other roles in the human body, namely regulating the brain, liver, lungs, heart, kidneys, skeletal,
immune and reproductive systems. This vitamin also has significant anti-inflammatory, anti-aging,
anti-stress, anti-arthritic, anti-osteoporosis, anti-apoptotic, wound healing, anti-cancer, anti-psychotic
and anti-fibrotic actions [78-83].
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Table 12. Frequency of consumption of dairy products in Portugal and Brazil.

Frequency of Responses 2 (%)

Product Country !
rodue i Never Seldom Sometimes Frequently Always
Category: Milk
Semi skimmed Portugal 47.4 17.4 11.0 20.2 4.0
€mi skimme Brazil 46.7 242 142 9.1 5.8
. . Portugal 64.8 13.8 7.1 9.5 48
Skimmed milk Brazil 50.9 27.9 9.3 6.7 5.1
Portugal 82.6 11.2 43 0.7 1.2
Chocolate flavored Brazil 65.6 24.0 6.7 33 05
. . Portugal 94.8 2.9 17 0.7 0.0
Enriched milk Brazil 85.3 107 28 0.7 05
Category: Cheese
Portugal 43.3 44.0 9.8 2.6 0.2
Soft paste cheese Brazil 70.7 212 6.0 14 07
Portugal 45.2 38.3 129 3.3 0.2
Cured hard paste cheese -y 57.7 293 10.2 21 07
Fresh ch Portugal 28.8 46.4 18.3 57 0.7
resh cheese Brazil 414 38.8 14.0 44 14
Portugal 46.9 429 7.1 2.9 0.2
Whey cheese Brazil 372 39.1 15.6 6.3 19
Semi skimmed sliced Portugal 35.0 31.0 24.0 8.1 1.9
cheese Brazil 39.3 30.7 212 6.5 23
. . Portugal 35.0 31.0 24.0 8.1 1.9
Skimmed sliced cheese g . 39.3 30.7 21.2 6.5 2.3
Imported cheeses Portugal 67.9 28.1 3.8 0.2 0.0
P Brazil 77.0 19.1 33 05 02
Category: Butter
. Portugal 43.8 22.9 17.1 11.0 5.2
Milk butter Brazil 495 24.0 147 6.3 56
. Portugal 66.0 19.5 8.3 5.0 1.2
Skimmed butter Brazil 82.6 14.0 35 0.0 0.0
Butt ithout salt Portugal 70.2 20.5 4.8 3.1 14
utter without sa Brazil 69.1 20.0 6.7 35 0.7
Category: Yogurt
Natural vogurt Portugal 40.2 29.3 19.3 8.8 2.4
yos Brazil 57.7 309 7.9 23 12
Aromatized voeurt Portugal 42.1 33.3 20.0 3.3 1.2
yos Brazil 62.1 25.6 8.6 26 12
Creamy fruit pulp Portugal 60.5 25.7 11.0 2.1 0.7
yogurt Brazil 55.6 30.0 9.8 3.7 0.9
) . Portugal 614 23.8 11.4 2.1 1.2
Yogurt with fruit pieces Brazil 651 %5 53 53 07
Liquid vosurt Portugal 33.1 32.1 20.5 112 3.1
quid yog Brazil 523 34.0 95 35 07
) Portugal 73.3 20.5 43 17 0.2
With separated flavors Brazil 742 184 51 21 02
Greek tvpe vogurt Portugal 50.0 33.3 11.7 4.0 1.0
YPe YO8 Brazil 59.8 30.0 5.8 35 0.9

1 Number of participants: N(Portugal) = 420, N(Brazil) = 430. 2 Frequency: Seldom = once/week, Sometimes = 2 to
3 times/week, Frequently = once/day, Always = more than once/day.

As observed previously for milk consumption, a high number of participants in both countries
never eat cheese (Table 12). However, this percentage is higher for Brazilians compared with the
Portuguese for most types of cheese, except only for whey cheese. In fact, Portugal has a long history of
eating traditional cheeses that are presently recognized with PDO (Protected Designation of Origin) [84].
The highest percentage of Portuguese who never eat a certain type of cheese is verified for imported
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cheeses (67.9%) and the lowest for fresh cheeses (28.8%), while for Brazilians, those who never eat
cheese are, also, predominantly for imported cheeses (77.0%) and with least expression for whey cheeses
(37.2%). For all categories of cheese and in both countries, the more usual consumption frequency is
once a week. The differences observed in the cheese consumption patterns in both countries could be
attributed to the different habits and production modes. The Brazilian cheese market has been reported
to vary according to place of origin, type of milk (cow, buffalo, goat), manufacturing procedures, texture,
and maturation time, among other factors [85]. For Portugal, with good pastures and a tradition in
pastoralism, there are several types of cheese, made with cow, goat, sheep or mixtures of different
milks, which have different tastes and consistencies. According to Guiné et al. [84], the traditional
Portuguese cheeses can be classified according to the type of milk used for the cheese production,
the fat content, ripening and paste consistency.

Whey is a dilute liquid resulting from cheese manufacture that contains lactose, proteins, minerals,
such as calcium, and traces of fat and organic acids [84]. An important difference was observed in the
consumption of whey cheese. Brazilians eat whey cheese in higher percentages (62.8%) compared to
the Portuguese (54.1%), but in both cases the frequency of consumption is mostly once/week (42.9% of
Portuguese and 39.1% of Brazilians).

According to Ferrao & Guiné [84], cheese is a good source of calcium, fat, protein, and some
vitamins (A, B, and Byy), as well as other dietary minerals such as zinc or phosphorus. Cheese is
not only consumed in its original form, and during the last decade, it has become one of the most
widely used food ingredients, leading to the development of several types of low-fat cheeses that have
health-promoting benefits beyond their nutritional value [86,87].

Butter is one of the most ancient and popular dairy products. This dairy product contains valuable
fatty acids, as well as fat-soluble vitamins (A, D, E, K), tocopherols and carotenoids, among its important
nutrients. However, the consumption of butter must be moderate because it has been linked to high
cholesterol, atherosclerosis, and heart disease [88,89]. Consumer acceptance of butter is influenced
by its sensory properties, which are dependent on milk raw material quality that influence the final
flavor, aroma, appearance, and rheological properties [90]. Table 12 also presents the results for butter
consumption in Portugal and Brazil. Around 50% of Brazilians never consume butter and the observed
percentage is 43.8% for the Portuguese who also never consume butter. These percentages increase for
the consumption of skimmed butter (Brazil: 82.6% never consume it; Portugal: 66.0% never consume
it) and unsalted butter (Brazil: 69.1%; Portugal: 70.2%). For those who consume butter, the highest
percentage of people consume it seldom, only once/week.

Yogurts are obtained from milk fermented by lactic acid bacteria such as Lactobacillus, Lactococcus,
and Leuconostoc which allows for an extension of the product shelf life and improves its taste compared
to milk, giving way to differentiated products in the market. Fermented dairy products’ consumption
has been increasing widely around the world and different companies encourage new product
development to satisfy the consumers with new tastes and flavors. Some of these products have
demonstrated nutritional value and health benefits. For example, it has been shown that intestinal
bacterial microbiota contributes to a healthy life and increases life expectancy [91-94]. This kind of
product contains a high amount of live bacteria, which has benefits for human health, contributing to
the maintenance and balance of the intestinal flora, facilitating digestion and preventing constipation
and other gastrointestinal disorders [94,95]. Several studies state that yogurt presents antimutagenic
and anticarcinogenic effects and provides protection against colorectal adenomas [95-98].

The results regarding yogurt consumption (Table 12) reveal that a high percentage of participants
never consume yogurt and, on average, this value is higher for Brazilians (52.3% to 74.2% depending
on the type of yogurt) when compared with the Portuguese (33.1% to 73.3%). Regarding the results
in Table 12, it is observed that the classes of yogurts which are consumed by a lower percentage
of participants are the ones with separated flavors (only by 26.7% of Portuguese and by 25.8% of
Brazilians). Natural yogurt is consumed more frequently by the Portuguese (59.8%): 29.3% once a
week and 19.3% 2-3 times/week, while the Brazilians consume 42.3% of this kind of yogurt: 30.9% once
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a week and 7.9% 2-3 times/week. A relatively similar trend is also observed for the aromatized yogurt.
For the other classes of yogurt, the differences between Portuguese consumers and Brazilian are small.

From the collected data it was further possible to determine those participants who never
consumed certain classes of dairy products or those who never consumed any of the investigated
dairy products at all, and these results are shown in Table 13 for the global sample and separated
by country. The results indicate that butter is the class which a highest percentage of participants
never consume, 30.0%, with a higher expression in Brazil as compared to Portugal. The second class
corresponds to milk products, which are never consumed by 22.8% of people, but in this case it is in
Portugal that the percentage in higher. Following comes the yogurt category, never consumed by 21.1%
of Brazilians and by 7.6% of Portuguese. Last appears the cheese category, with the lowest percentage
of people who never consume this type of dairy product. Finally, one can see that a residual number of
participants identified as never consuming any of the dairy products considered, and this result might
not correspond to the reality in both countries, since this was a questionnaire survey in which the
volunteers participated knowing from the start that it was about the consumption of dairy products
(this information was provided before the participants gave their informed consent). Therefore, it is
possible that people who never consume dairy products did not even respond to the questionnaire,
by considering that their participation was not useful, or because they did not want to spend time with
a subject that was not important for them.

Table 13. Participants who “never” consume dairy products in Portugal and Brazil.

Portugal (N = 420) Brazil (N =430)  Global (N = 850)

N % N % N %
'Parhapants who ‘never eat dairy products 121 28.8 73 17.0 194 n8
in the category Milk
Parhapants who “never” eat dairy products 36 86 % 6.0 62 73
in the category Cheese
Partmpants who “never” eat dairy products 100 238 155 36.0 55 300
in the category Butter
Partlapants who “never” eat dairy products 3 76 91 211 123 14.4
in the category Yogurt
Participants who “never” eat dairy products 5 12 5 12 10 12

in any of the categories

3.5. Variables Influencing Dairy Product Consumption

As explained in the section Materials and Methods, the variables accounting for the average
level of consumption of the four categories of dairy products (milk, cheese, butter and yogurt) were
submitted to a tree classification analysis for evaluation of the relative importance of each of the
possible influential variables considered: country, sex, age class, education, BMI class, satisfaction with
body weight, balanced diet and lifestyle clusters. Figures 1-4 show the obtained classification trees,
and they reveal that some of the variables considered in the analysis were not influential, for example,
variables such as country and balanced diet never appeared in any of the diagrams, meaning that they
do not determine the consumption of any of the dairy products evaluated.

The tree in Figure 1, for consumption of milk products, contains 4 levels and 17 nodes, of which 9
are terminal. The risk estimate for re-substitution was 0.062 with standard error 0.008 and the risk
estimate for cross-validation was 0.061 with standard error 0.008. These values indicate goodness of
fit to the model. The results in Figure 1 reveal that, for the whole sample (node 0), a huge majority
of participants have a low milk consumption (93.8%) and that the first discriminant variable was
age, so that younger people (from 18 to 30 years) tend to have a slightly higher consumption of milk
than older people (moderate consumption: 11.2% and 4.2%, respectively, for people up to 30 years
and older). For young people, the second discriminating factor was sex, with men showing higher
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consumption of milk as compared with women. For young men, the next discriminant variable was
body weight satisfaction and the final differentiating factor was lifestyle cluster. Regarding older
people, the next discriminating factor after age was education, with lower milk consumption for
people with university degrees or higher levels of education. Following in the order of appearance the
discriminating variables were sex, lifestyle cluster and age class again, differentiating in the last level
middle aged adults (93.5% low and 6.5% moderate consumption) from senior adults and elderly (100%
low consumption).

Consumption of Milks

Node 0 (N=850)
Low 93.8
Moderate 6.1
High 0.1
[ e
‘ Young adults ‘ 2 Middle aged adults
Node 1 (N=232) Node 2 (N=618)
Low 88.4 Low 95.8
Moderate 11.2 Moderate 4.2
High 04 High 0.0
Sex Edu
Female Male Secondary school ;:;i;::sity degree or
Node 3 (N=149) Node 4 (N=83) Node 5 (N =46} Node 6 (N=572)
Category % Category % Category %
Low 919 Low 819 Low 87.0 Low 96.5
Moderate 7.4 Moderate 181 Moderate 130 Moderate 3.5
High 0.7 High 0.0 High 0.0 High 0.0
|Bndy weight satisfaction | Sex
| u ight and wants to gain;
Satisfied; Excessweighlan* ‘ Unfierweight and is Ok; Normal Female Male
wants to loose weight and wants to loose 2-5 kg
Node 7 (N = 49) Node 8 (N = 34) Node 9 (N=377) Node 10 (N =195)
Low 735 Low 94.1 Low 95.5 Low 98.5
Moderate 265 Moderate 5.9 Moderate 45 Moderate 1.5
High 0.0 High 0.0 High 0.0 High 0.0
Cluster for lifestyle Cluster for lifestyle
Screeners, Travellers, Screeners, Travellers,
Exerclsers Others Exercisers Others
Node 11 (N Node 12 (N =22) Node 13 (N =86) Node 14 (N =109)
e oy %
Low 63.0 Low 86.5 Low 9.5 Low 100.0
Moderate 37.0 Moderate 13.5 Moderate 35 Moderate 0.0
High 0.0 High 0.0 High 0.0 High 0.0
Ageclass
Middle aged adults Senior adults, Elderly
Node 15 (N =46) Node 16 (N =40)
Category % Category %
Low 935 Low 100.0
Moderate 65 Moderate 0.0
High 0.0 High 0.0

Figure 1. Tree classification for consumption of milks.

The tree in Figure 2 for the consumption of cheese has 5 levels with 17 nodes, including 9 terminals.
The risk estimates for re-substitution and for cross-validation were in both cases 0.062 with standard error
0.008. The results for the whole set of participants (node 0) indicate that, similarly to milk consumption,
cheese consumption is also very low (93.8% low, and only 5.9% moderate). The discriminant variable in
the first level was BMI class, separating the overweight and obese participants as having slightly higher
consumption of cheese (8.6% moderate and 91.1% low). For these, the next discriminant variable was
education and in this case those with higher levels of education tend to have a higher consumption of
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cheese (8.6% moderate against 0% for those with lower education). For the branch of underweight and
normal weight, BMI class was again the differentiating factor, with lower consumption for normal
weight participants (3.5% moderate against 11.4% moderate for the underweight). The following
discriminant variables were body weight satisfaction (level 3), sex and age class (level 4) and lifestyle

cluster (level 5).

Consumption of Cheeses

Node 0 (N=850)

University degree

Low 93.8
Moderate 5.9
High 04
| BMI class
‘ Underweight, Normal weight ‘ Overweight, Obese
Node 1 (N=514) Node 2 (N =336)
Low 95.5 Low 91.1
Moderate 4.1 Moderate 8.6
High 0.4 High 0.3
BMI class Education
Underweight Normal weight =Secondary school or higher
Node 3 (N=35) Node 4 (N=479) Node 5 (N = 41) Node 6 (N=295)
Low 88.6 Low 96.0 Low 100.0 Low 89.8
Moderate 114 Moderate 3.5 Moderate 0.0 Moderate 9.8
High 07 High 0.4 High 0.0 High 0.3
‘ Body weight satisfaction
Normal weight and | Underweight and wants to gain; Underweight and
wants to loose 2-5 kg is Ok; Satisfied; Excess weight and wants to loose
Node 7 (N=223) Node 8 (N = 256)
Low 93.7 Low 98.0
Moderate 5.4 Moderate 2.0
High 0.9 High 0.0
Sex
Female Male: > Middle aged adults
Node 9 (N = 198} Node 10 (N =25) Node 11 (N =88) Node 12 (N = 168)
Category % Categ; %
Low 92.9 Low 100.0 Low 100.0 Low 97.0
Moderate 6.1 Moderate 0.0 Moderate 0.0 Moderate 3.0
High 1.0 High 0.0 High 0.0 High 0.0
Clusters for lifestyle Clusters for lifestyle
Traielers Others Travellers - | s
Node 13 (N =62) Node 14 (N =135) Node 15 (N =142) Node 16 (N = 26)
Category % Category % Category %
i 96.8 Low 91.2 Low 97.9 Low 92.3
Moderate 3.2 Moderate 7.4 Moderate 21 Nbderate 77
High 0.0 High 15 High 0.0 High 0.0

Figure 2. Tree classification for consumption of cheeses.
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Figure 3 presents the results of the tree obtained for butter consumption. This has only 3 levels,
representing 7 nodes, of which 4 were terminal. The risk parameters were equal for re-substitution and
cross-validation: risk estimate = 0.076, standard error = 0.009. In the case of butter, the values for the
whole sample are low (92.4% low, 6.6% for moderate and 1.1% for high consumption), being in line with
the trends previously observed for milk and for cheese. The first discriminant was sex, differentiating
men as having lower consumption than women (94.9% and 91.0%, respectively). For women the
node was terminal, while for the men, the following discriminant was lifestyle cluster, separating the
screeners and exercisers as showing a slightly higher butter consumption (6.3% moderate as compared
with 1.9% moderate for travelers and others). Finally, at level 3 the discriminating variable was age
class, separating people over 50 years, which presented a higher butter consumption (4.7% moderate).

Consumption of Butters

Node 0 (N =850)

Category %
Low 92.4
Moderate 6.6
High 153
| Sex
Female | Male
Node 1 (N=553) Node 2 (N =297)
Low 91.0 Low 94.9
Moderate 8.0 Moderate 4.0
High 1.0 High T2
| Clusters for lifestyle
Screeners, Exercisers Travellers, Others
Node 3 (N =142) Node 4 (N = 155)
Category % Category %
Low 91.5 Low 98.1
Moderate 6.3 Moderate 1.9
High 2.2 High 0.0
| Age class
Young adults, Middle aged adults Semor adUb Eldedy
Node 5 (N=112) Node 6 (N =43)
Low 99.1 Low 95.3
Moderate 0.9 Moderate a7
High 0.0 High 0.0

Figure 3. Tree classification for consumption of butters.

Figure 4 shows the tree for yogurt consumption, with 4 levels and 11 nodes (six of which are
terminal). The risk estimate for re-substitution was 0.085 with standard error 0.010 and equal values
were obtained for cross-validation. The consumption of yogurts is again low (91.5% at node 0). The first
discriminant was BMI, as was observed for cheese, and the discriminant at level 2 was body weight
satisfaction, regardless of the BMI class (i.e., on both branches). For the overweigh and obese (i.e.,
BMI of 25 or over) who are satisfied with their body weight, 25% have a moderate yogurt consumption.
For these, the next level was separated according to their age class, and for the participants aged up to
50 years the last discriminant was lifestyle cluster.
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Consumption of Yogurts

Node 0 (N = 850)

Category %

Low 915
Moderate 7.9
High 0.6
| BMI class
‘ Underweight, Normal weight | Overweight, Obese
Node 1 [N =736} Node 2 (N=297)
Category % Category %
Low 924 Low 94.9
Moderate 71 Moderate 4.0
High 05 High 11

Body weight satisfaction Body weight satisfaction

Normal weight and wants to loose 2-5 kg; _ o
Underweight and is Ok; Satisfied; Excess Excess weight and wants to loose; Normal Satisfied
weight and wants to loose 2-5 kg

Underweight and
wants to gain

weight and wants to loose

Node 3 (N = 35) Node 4 (N=701) Node 5 (N =94) Node 6 (N =20}
Low 829 Low 929 Low 89.4 Low 70.0
Moderate 143 Moderate 6.7 Moderate 106 Moderate 25.0
High 2.9 High 04 High 0.0 High 0.0
Age class
Young adults, Middle Senior adults,
aged adults Elderly
Node 7 (N=59) Node 8 (N =35)
Low 932 Low 82.9
Moderate 6.8 Moderate 17.1
High 0.0 High 0.0

Clustersfor lifestyle

Exercisers, Travellers Screeners, Others
Node 9 (N=31) Node 10 (N =28)
Low 100.0 Low 85.7
Moderate 0.0 Moderate 143
High 0.0 High 0.0

Figure 4. Tree classification for consumption of yogurts.

Overall, these results seem to indicate that the most relevant discriminant factors for dairy
consumption were age, BMI, sex, education, satisfaction with body weight and lifestyle cluster,
following more or less the same order regardless of the type of dairy product. On the contrary, factors
such as country or balanced diet were found to have no discriminant capacity for the variables under
study, i.e., the consumption of dairy products is not influenced significantly by these two variables.

According to Wolf et al. [99,100] age is a factor determining milk consumption in the United
States, with people born in the 1990s consuming milk less often than earlier generations, and this trend
is expected to continue with the replacement of older generations by younger ones. Nevertheless,
the consumption of other dairy products seems to be increasing in the US, in the case of cheese
mostly because it is widely used in pizzas and in the case of butter because there has been a setback
regarding health views of butterfat [101]. The study by Xu et al. [4] highlighted also differences
in dairy consumption according to sex and BMI. On the other hand, lifestyle behaviors have been
proven to influence dairy consumption according to the recent study by Santaliestra-Pasias et al. [102].
Their results suggest that European children with healthier lifestyles, specifically regarding aspects such
as physical activity and sedentary behaviors, tend to consume higher quantities of milk and yogurt.

4. Limitations of the Study

Although providing important insights into the consumption habits of the Portuguese and
Brazilian citizens, this study has some limitations, that are worth mentioning. One of these limitations
is related to the sample sizes. Although it was possible to recruit a similar number of participants
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from the two countries involved, the size of Portugal and Brazil are unequal, and therefore it could be
beneficial to have samples proportional to the population of each of the countries. Also, the group sizes
for the sociodemographic variables considered are not equal, for example there were more women
than men and a lower number of older participants or with lower levels of education. However, due to
financial restrictions it was not possible to organize another type of data collection. One other limitation
can be associated with the period of data collection. Although the data collection was mostly done in
the period pre covid-19 outbreak, in Portugal the outbreak was felt after mid-March, but in Brazil the
most critical period was later and therefore this outbreak may have had some influence only on data
collected in Portugal in the last month. Still, in Portugal during the confinement period, no shortage
whatsoever in the food supply was observed, and people were always allowed to go out for food
shopping, so the possible influences are expected to be very mild. Another factor is related to possible
loss of jobs and consequent reduction in the available monthly budget, which could influence people’s
food purchases. However, in the early days of the confinement the social measures implemented
prevented a mass loss of jobs and therefore this problem could have had a higher importance if the
data collection was extended beyond April, which it was not.

Other limitations relate to some additional aspects of the research that could in future studies be
addressed, such as for example the motivations that drive consumers in relation to the consumption
or non-consumption of dairy products. This would also be an interesting aspect to explore in the
future, to better understand the reasons why people consume or avoid different dairy products. Finally,
it would also be interesting to replicate this investigation in other countries to see if the observed low
influence of the country on the dairy products’ pattern of consumption would still be maintained, or if
these similarities observed are because the two countries involved share a common culture and history
due to the colonization of Brazil by the Portuguese.

5. Conclusions

The present work established some relevant facts about the consumption of dairy products in two
counties, one situated in Europe and the other in Latin America. Although some small differences
were observed in the consumption patterns in both countries, a worrying fact is that the levels of
consumption for all dairy products studied were frankly low. Regarding milk consumption, semi
skimmed milk is never consumed by about half of the participants, those who never consume skimmed
milk are even more in number, and these numbers increase again for chocolate flavored and enriched
milks. Cheeses are also consumed by only small parts of the population in these two countries, with
the least consumed being imported cheeses in both countries followed by soft paste cheeses in Brazil
and Portugal and whey cheese in Portugal. For those who consume cheese, they do so with a low
frequency: once a week or sometimes (2-3 times per week). Butter is also consumed by only about half
of the adult population, but the percentage of those who never consume butter increases for skimmed
butter and unsalted butter, these last being least preferred when compared to regular milk butter.
Yogurt consumption follows the same low consumption trends of other dairy products. In order of
preference, the most frequently consumed yogurt types are liquid yogurts and natural yogurts in
Portugal and creamy fruit pulp yogurt, liquid yogurt and Greek type yogurt in Brazil.

This work further studied some anthropometric facts of the surveyed sample as well as behavioral
aspects, allowing the establishment of groups according to lifestyles, as determined by cluster analysis.
Four clusters were identified: 1—Screeners, 2—Exercisers, 3—Travelers and 4—Others. The screeners
were mostly single young adults, with low education and from Brazil. The Exercisers were mostly
women with ages comprised between 30 and 65 years, with a university degree and from Portugal.
The Travelers were mostly men aged between 30 and 65 years, also with a university degree and
divorced or widowed. These lifestyles were found to be influential to the consumption of dairy
products for all classes of dairy tested: milk, cheese, yogurt and butter. Additionally, other influential
factors found were age, sex, education, BMI and satisfaction with body weight. The influence of country
was not a meaningful discriminant, in relation to the other variables included in the classification
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analysis. This might be due to the cultural similarity between the two countries studied, which,
although being in different parts of the globe, have a historic and cultural common past. For these
reasons it would be interesting to replicate this study in the future in other countries to evaluate the
extension of possible country variability in the consumption of dairy products.
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Appendix A
The questions included in the questionnaire were distributed by tree different sections as follows:
Part 1—Sociodemographic data

Country: Portugal 09 Brazil Oy

1. Age: years

2. Sex: Female O; Male 0O,

3. Level of education:

Primary (4 school years) 0y Basic school (9 years) 0O, Secondary school (12 years) O3
University degree or higher 04

4. Marital status:

Single 0y Married 0O, Divorced O3 Widowed 04

5. Profession:

Student 0O¢ Employee for the government 0, Employee for private companies O3
Self-employed freelance 0Oy Businessmen Os UnemployedOg Otherny

Part 2—Anthropometric data and behavioural aspects

6. Height: meters

7. Weight: kg

8. Do you practice physical exercise?

Neverd;  Occasional (once/week) 0,  Moderate (2-3 times/week) O3 Intense (+ 3 times/week) Oy
9. Daily hours watching TV:

0-30 min 0O0¢ 30 min-1 hour O, 1-2 hour O3 2-5 hours Oy More than 5 hours Os
10. Daily time playing on computer or mobile phone or on social networks:

0-30 min 0O0q 30 min-1 hour O, 1-2 hour O3 2-5 hours Oy More than 5 hours O5
11. Daily time working on the computer:

0-30 min 0y 30 min-1 hour O, 1-2 hour O3 2-5 hours Oy More than 5 hours O5
12. Daily time traveling sedentary (car, motorcycle, train, bus, etc... ):

0-30 min 0y 30 min-1 hour O, 1-2 hour O3 2-5 hours Oy More than 5 hours Og
13. Daily walking time (on foot, by bicycle, ... ):

0-30 min 0y 30 min-1 hour O, 1-2 hour O3 2-5 hours Oy More than 5 hours O5
14. Do you believe that you have a balanced diet?

Never 0; Seldom 0O, Sometimes O3 Several times/week Oy Always Os

15. Are you satisfied with your bodyweight?
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I am satisfied with my weight and wish to keep it O;

I am of normal weight, but I would like to lose 2 to 5 kg 0O,

I am underweight, but I feel good O3

I am underweight and would like to gain 2 to 5 kg 0Oy

I am overweight and I would like to lose a few pounds, but I have tried and I cannot 05
I am overweight and do nothing to change Og

Other oy

Part 3—Consumption habits regarding dairy products

16. How often do you consume the following dairy products?

Product Never

Seldom Sometimes Frequently Always
Oncefweek 2-3 xfweek once/day + 1 x/day

Category: Milk

(1) Semi skimmed milk

(2) Skimmed milk

(3) Chocolate flavored milk

(4) Enriched milk

Category: Cheese

(5) Soft paste cheese

6) Cured hard paste cheese

7) Fresh cheese

8) Whey cheese

9) Semi skimmed sliced cheese

(10) Skimmed sliced cheese

(11) Imported cheeses

Category: Butter

(12) Milk butter (not vegetable spreads)

(13) Skimmed butter

(14) Butter without salt

Category: Yogurt

(15) Natural yogurt

16) Aromatized yogurt

17) Creamy fruit pulp yogurt

18) Yogurt with fruit pieces

19) Liquid yogurt

20) Yogurt with separated flavors
cereals, jam, chocolate chips, etc.)

21) Greek type yogurt
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Abstract: This study aims to develop nutraceutical beverages containing food processing by-products
in their formulation, and determine the opinion of consumers. This is done by testing whether they
know that the main ingredients of the product are by-products, performing an overall acceptability
test of the developed beverages, and evaluating the emotions induced by the newly developed
beverages for consumers. The main ingredients used for the preparation of added-value beverages
were fermented milk permeate (containing galactooligosaccharides), extruded and fermented wheat
bran (WB) (containing >6.0 log;o CFU g™ viable antimicrobial properties showing lactic acid bacteria
(LAB) strains), and different fruit/berry by-products (FBB) (as a source of compounds showing
antioxidant properties). The definition of the quantities of bioactive ingredients was based on
the overall acceptability of the prepared beverages, as well as on emotions induced in consumers
by the tested beverages. Functional properties of the developed beverages were proofed by the
evaluation of their antimicrobial and antioxidant properties, as well as viable LAB count during
storage. Desirable changes in extruded and fermented WB were obtained: Fermentation reduced
sugar concentration and pH in samples with predominant lactic acid isomer L(+). In addition,
the viable LAB count in the substrate was higher than 6.0 log;y CFU g~!, and no enterobacteria
remained. By comparing the overall acceptability of the beverages enriched with WB, the highest
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overall acceptability was shown for the samples prepared with 10 g of the extruded and fermented WB
(7.9 points). FBB showed desirable antimicrobial activity: Shepherd inhibited—2, sea buckthorn—3,
blueberries—b5, and raspberries—7 pathogens from the 10 tested. Comparing different beverage
groups prepared with different types of FBB, in most cases (except sea buckthorn), by increasing
FBB content the beverages overall acceptability was increased, and the highest score (on average,
9.5 points) was obtained for the samples prepared with 5.0 and 7.5 g of blueberries FBB. Moreover,
a very strong positive correlation (r = 0.8525) was found between overall acceptability and emotion
“happy” induced in consumers by the prepared beverages enriched with extruded and fermented
WB and FBB. By comparing the samples prepared with the addition of WB with samples prepared
with WB and FBB, it was observed that most FBB increased total phenolic compounds (TPC) content
(on average, by 9.0%), except in the case of samples prepared with sea buckthorn. A very high positive
correlation (r = 0.9919) was established between TPC and antioxidant activity. Finally, it can be stated
that the newly developed nutraceutical beverages were acceptable for consumers, induced positive
emotions, and possessed desirable antimicrobial and antioxidant properties, while being prepared in
a sustainable and environmentally friendly manner.

Keywords: beverages; milk permeate; wheat bran; fruit/berry by-products; antimicrobial properties;
antioxidant properties; overall acceptability; emotions induced for consumers

1. Introduction

According to future prognosis, the global population will increase to 8 billion by 2030 and more
than nine billion by 2050, and such population growth will lead to the need for high-quality foods
to be assured [1]. However, nowadays, a significant part of the world’s population is suffering from
malnutrition [1]. To ensure enough balanced food is available, the food industry must move to become a
sustainable industry, in which by-products are very effectively recovered as high-value ingredients and
(or) products. However, the food system is highly complex and is driven by many economic, cultural
and environmental factors [1]. It should be mentioned that until now, many high-value food industry
by-products are used as a low-value feedstock for livestock feeding. At the same time, many people are
suffering from biologically active compounds (antioxidants, dietary fibre, etc.) deficiency [1]. As is the
case with many food processing industries, by-product recovery can reduce the quantity of wastes that
require treatment; however, new technologies and new product formulations should be developed.
From another point of view, knowing that the main ingredients of the product are by-products, will the
consumer choose it? For this reason, in our study, in addition to the overall acceptability standard
test, evaluation of the emotions induced by the newly developed beverages for consumers were
measured. Emotion is usually defined as a rapid reaction to a stimulus, which could be a food or
drink [2]. The application of emotions evaluation has grown in the last years because it can be used for
a prognosis about the emotions induced for consumers by the different food, as well as a choice of food.
The emotions induced by food for consumers can be linked to health-related problems [3], and also,
can be adapted for commercial product development, to ensure their popularity in the market.

The highest quantity of food-processing by-products is generated by fruit and vegetable, dairy,
meat, poultry, olive oil, fermentation, and seafood industries [4]. For this reason, for the development
of added-value beverages in this study, milk permeates, wheat bran, and fruit/berries by-products
were chosen.

Milk permeate (MP) is a dairy industry by-product obtained during the milk protein concentrate
production. The MP, containing a high concentration of lactose, can be used as a stock for
galactooligosaccharides (GOS) production [5]. Our previous studies showed that MP fermentation
with selected lactic acid bacteria (LAB) strains could lead to additional value formation, by lactose
converting to GOS [5]. GOS are desirable compounds in food because consumption of prebiotics is a
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useful strategy in order to prevent many diseases, and GOS, as a nutraceutical compound, can lead to
protective biological functions, e.g., antitumour [6].

Another food industry sectors that generate high quantities of by-products is the wheat processing
industry [7-11]. Wheat is the most valuable crop in the world; however, wheat generates very large
amounts of by-products (approximate 15% of wheat is not used efficiently), but could be potentially
used for the production of value-added products. However, the addition of WB to food formulations
usually induces adverse effects on sensory properties of the final product [12]. Extrusion is proposed to
increase the acceptability of WB by changing its properties. Extrusion is a combination of thermal and
mechanical treatments where the substrate is subjected to high temperature and shear forces for a short
time. This process is used to texturise food materials and can have a positive influence on a functional
value of WB, e.g., by decreasing antinutritional factors [13-16]. Moreover, as a high-temperature
process, extrusion can lead to reduced microbial contamination, and during the Maillard reaction,
the aroma changes to be more acceptable for consumers. Therefore, this process could be used for
WB pre-treatment to improve it as a food ingredient, improve sensory properties, as well as to reduce
microbial contamination. In addition, fermentation with selected LAB strains can lead to extruded
WB having additional value, for example, by providing antimicrobial properties. For this reason,
we hypothesise that extruded and fermented WB can be a useful ingredient for additional value
beverages development.

Another industry that generates large amounts of by-products is fruit/berries industry. In this
study, Sambucus nigra L., Rubus idaeus L., Hippophae rhamnoides L., and Vaccinium myrtillus L. by-products
were used for the development of additional value beverages. Sambucus nigra L., known as elderberry,
is a very popular species of the Adoxaceae family [17]. Elderberry is a very popular ingredient in many
foods and beverage formulations: wine, juice, tea, liqueur, muffins, pancakes, jams and jellies, waffles,
batter, etc. [18]. Elderberries are popular in folk and professional medicine, because of high quantities
of bioactive compounds possessing desirable characteristics for health improvement [19-23]. Several
papers have been published about their antioxidant activities [21,24-26].

Red raspberries (Rubus idaeus L.) are very popular worldwide and consumed as fresh or processed
into a variety of products: confitures, juice, jams, etc. [27]. Due to their phenolic compounds and
vitamin C, red raspberries possesses antitumoural, antibacterial, and antioxidant activities [28-34].

Sea buckthorn (Hippophae rhamnoides L.) is an ecologically and economically important plant [35].
Sea buckthorn berries contain a high amount of various hydrophilic and lipophilic compounds,
carotenoids, polyphenols, organic, amino and fatty acids, minerals, etc. [36—40]. Sea buckthorn berries
are used for high added-value juice and oil production [41]; therefore, the remaining pulp can be used
for added-value products development. Blueberry (Vaccinium myrtillus L.) species are distributed
all over the world [42]. These fruits are usually consumed in the fresh form, however, due to their
short shelf life, they are used for jams, juices, wines, or liqueurs production [43]. These berries are
conventionally used in medicine [44], because of their high content of phenolics and carotenoids,
as well as vitamins. The European blueberry is an economically valuable wild berry, well-known for
its richness of antioxidants (anthocyanins) [42,43]. Blueberries are used for various food and beverage
preparation, including juice and wine, and these processes generate valuable by-products, which can
be used for further added-value product development.

The aim of this study was to develop additional value beverages in a sustainable manner by using
a formulation of food processing by-products. The main ingredients for additional value beverage
preparation were fermented milk permeate (containing GOS), extruded and fermented wheat bran
(WB) (containing >6.0 logyg CFU g! viable antimicrobial properties showing LAB), and different
fruit/berry by-products (as a source of antioxidant properties showing compounds). The main selection
of the quantities of bioactive ingredients was based on the prepared beverages ‘overall acceptability,
as well as on emotions induced by the tested beverages for consumers. Functional properties of the
developed beverages were proofed by the evaluation of their antimicrobial and antioxidant properties,
as well as viable LAB count in the developed drinks during the storage.
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2. Materials and Methods

The whole experiment scheme is shown in Figure 1.

Fermented with P. Extruded and beEv\;?gae‘;%l{'grfa.lTE
acidilactici LUHS29 strain fermented wheat acceptability and emotions
milk permeate (MP) as the bran (WB) induced for consumers

main stock for enriched
beverages preparation

Evaluation of the most Evaluatio Addition of the different
acceptable beverages b:voefr;hees quantities of
imicrobial and antioxidant overa Sambucus nigra, Rubus
activity, lactie acid bacteria acceptability idaeus, Sea buckthorn,
count during the storage em;:;;itz)ns Hippophae rhamnoides,
(duration 4 weeks), color induced for Vaccinium myrtillus
coordi s, acidity p consumers by-products

Figure 1. The experimental scheme.

2.1. Characteristics of Fermented Milk Permeate used for Beverages Preparation

Milk permeate (MP) was obtained from the Agricultural cooperative “Pienas LT”, Biruliskes,
Lithuania. Our previous studies showed that the highest concentration of galactooligosaccharides (GOS)
and the most effective antimicrobial properties of MP could be obtained when P. acidilactici LUHS29
strain was used for MP fermentation [5]. Characteristics of the fermented MP, used in this study for
enriched beverages preparation are shown in Table 1 (acidity parameters, LAB count, GOS concentration,
overall acceptability and emotions induced for consumers) and Table 2 (antimicrobial properties).

2.2. Wheat Bran, Used for Beverages Enrichment, by Using it for Pre-Treatment Extrusion and
Fermentation Processes

Wheat bran was obtained from the SME “Ustukiu malunas” (Pasvalys, Lithuania). Wheat bran
samples (WB) were extruded at 130 °C, speed of the screw—25 rpm and fermented with L. uvarum
LUHS245 strain. The LUHS245 strain, before the experiment, was stored at —80 °C in a Microbank
system (Pro-Lab Diagnostics, Birkenhead, Wirral, UK) and grown in de Man, Rogosa and Sharpe (MRS)
broth (CM 0359, Oxoid, Basingstoke, Hampshire, UK) at 30 °C for 48 h prior to use.

The following parameters for WB were established: pH, total titratable acidity (TTA), L(+) and D(-)
lactic acid bacteria concentration, LAB, mould/yeast (M/Y), total bacteria (TBC), and total enterobacteria
(TEC) counts; sugars concentration (fructose, glucose, sucrose, maltose); amino acids and biogenic
amines concentration. Non-extruded and non-fermented WB samples were used as control.

Wheat Bran Analysis Methods

The pH was measured using a pH electrode (PP-15; Sartorius, Goettingen, Germany). The total
titratable acidity (TTA) was evaluated for a 10 g sample of sample mixed with 90 mL of water,
and the results were expressed in mL of 0.1 mol L~! NaOH solution required to achieve a pH value of
8.2. For L(+) and D(-) lactic acid isomers concentration evaluation, a specific Megazyme assay Kit
(Megazyme Int., Bray, Ireland) was used. The determination of LAB, total bacteria (TBC), enterobacteria
(TEC), and mould/yeast (M/Y) counts in samples was performed according to Bartkiene et al. [45].
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To determine the sugar concentration, 2-3 g of sample was diluted with ~70 ml of distilled/deionised
water, heated to 60 °C in a water bath for 15 min, clarified with 2.5 ml Carrez I (85 mM K4[Fe(CN)g]
x 3H,0) and 2.5 ml Carrez II (250 mM ZnSO, x 7H,0) solutions, and made up to 100 ml with
distilled/deionised water. After 15 min, the samples were filtered through a filter paper and a 0.22 pm
nylon syringe filter before analysis. A standard solution of a sugar’s mixture was prepared by dissolving
0.2 g each of fructose (Hamburg, Germany), glucose (Sigma-Aldrich, Hamburg Germany), sucrose
(Sigma-Aldrich, Hamburg Germany) and maltose (Sigma-Aldrich, Hamburg, Germany) in 100 mL of
distilled/deionised water. A 2 mg mL ! standard solution of sugars mixture was prepared following
dilution with distilled/deionised water. Chromatographic conditions were as follows: The eluent
was a mixture of 75 parts by volume of acetonitrile and 25 parts by volume water, the flow rate was
1.2 mL/min, 20 uL was injected. The YMC-Pack Polyamine II 250 x 4.6 mm, 5 um (YMC Co., Ltd.,
Tokyo, Japan) column was used. The column temperature was set at 28 °C. Detection was performed
using an Evaporative Light Scattering Detector ELSDLTII (Shimadzu Corp., Kyoto, Japan).

Free amino acids (FAA) were extracted using 0.1 M HCL The extracts were analysed by gas
chromatography with flame ionisation detection after an ion-exchange solid-phase extraction and
chloroformate derivatisation using EZ:faast technology (Phenomenex) as described by Bartkiene et al. [46].

The extraction and determination of biogenic amines (BA) in wheat samples followed the procedures
developed by Ben-Gigirey et al. [47] with some modifications, as described by Bartkiene et al. [48].

2.3. Fruits/Berries By-Products used for Milk Permeate Beverages Preparation

Four different fruit/berry by-products types (Shepherd/Sambucus nigra, Raspberries/Rubus idaeus,
Sea buckthorns/Hippophae rhamnoides, Blueberries/Vaccinium myrtillus) were obtained from the Institute
of Horticulture, Lithuanian Research Centre for Agriculture and Forestry (Babtai, Kaunas distr.,
Lithuania) in 2020. These by-products were vacuum dried in a vacuum dryer XF020 (France-Etuves,
Chelles, France) at 45 + 2.0 °C and a pressure of 6 x 1073 mPa. The antimicrobial and antifungal
properties for the selected fruit/berry by-products were evaluated.

Antimicrobial Properties of the Fruit/Berry By-Products Evaluation

The antimicrobial activity of fruit/berry by-products was evaluated against a variety of pathogenic
and opportunistic bacterial strains (Salmonella enterica Infantis LT 101, Staphylococcus aureus LT 102,
E. coli (hemolytic) LT 103, Bacillus pseudomycoides LT 104, Aeromonas veronii LT 105, Cronobacter sakazakii
LT 106, Hafnia alvei LT 107, Enterococcus durans LT 108, Kluyvera cryocrescens LT 109, Acinetobacter
johnsonii LT 110). The pathogenic and opportunistic bacterial strains used were obtained from the
Lithuanian University of Health Sciences” (Kaunas, Lithuania) collection. The antimicrobial activity of
the fruit/berry by-products was assessed by measuring the diameter of inhibition zones (DIZ, mm) in
agarwell diffusion assays. Accordingly, a 0.5 McFarland unit density suspension of each pathogenic
bacteria strain was inoculated onto the surface of cooled Mueller-Hinton agar (Oxoid, Basingstoke,
UK) using sterile cotton swabs. Wells of 6 mm in diameter were punched in the agar and filled
with the tested by-product. Before the experiment, the fruit/berry by-products were diluted with a
sterile physiological solution (1 g of the by-product diluted with 2 mL of the physiological solution).
The average DIZ was calculated from triplicate experiments.

2.4. Selection of the Optimal Quantities of Technologically Functionalised Wheat Bran for Milk Permeate
Beverages Enrichment

The different quantities (2.5, 5.0, 7.5, and 10 g) of WB were added to the fermented MP samples
(50 mL), and the most acceptable samples for the further enrichment with fruit/berry by-products
were selected. In addition, emotions induced for consumers by the prepared beverages enriched with

extruded and fermented WB were evaluated. Description of the overall acceptability and emotions
induced for consumers by the prepared beverages are described below in Section 2.3.
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Overall Acceptability and Emotions Induced for Consumers by the Prepared Beverage Enriched with
Wheat Bran Beverages Evaluation

The overall acceptability of the beverages was established by 50 judges, according to International
Standards Organisation method 8586-1 [49], using a 10-point scale ranging from 0 (“extremely dislike”)
to 10 (“extremely like”). Similarly, the prepared beverages were tested by applying FaceReader 6.0
software (Noldus Information Technology, Wageningen, The Netherlands), scaling nine emotion
patterns (neutral, happy, sad, angry, surprised, scared, disgusted, contempt, and valence) according to
Bartkiene et al. [50]. In the obvious measurement experiment, subjects were asked to rate the beverage
samples during and after consumption with an intentional facial expression, which was recorded and
then characterised by FaceReader 6.0. The participants were asked to taste the whole presented sample
at once, take 15 s to reflect on the taste impressions, then give a signal with a hand and visualise the
taste experience of the sample with a facial expression best representing their liking of the sample.
The whole procedure was filmed using high-resolution Microsoft LifeCam Studio webcam mounted
on a laptop facing the participants, and Media Recorder (Noldus Information Technology, Wageningen,
The Netherlands) software. Special care was taken to ensure good illumination of participant’s faces.
The recordings, using a resolution of 1280 x 720 at 30 frames per second, were saved as AVI files and
analysed frame by frame with FaceReader 6 software, scaling the nine basic emotion patterns (neutral,
happy, sad, angry, surprised, scared, disgusted, contempt and valence) to 1 (maximum intensity of
the fitted model). In addition, the FaceReader also analysed the valence, which indicates whether the
person’s emotional status is positive or negative. ‘Happy’ is the only positive emotion, while ‘Sad’,
‘Angry’, ‘Scared’, and ‘Disgusted” are considered to be negative emotions. ‘Surprised” can be either
positive or negative. The valence is calculated as the intensity of ‘"Happy’ minus the intensity of the
negative emotion with the highest intensity. Valence scores ranged from -1 to 1. For each sample,
the section of intentional facial expression (from the exact point at which the subject had finished
raising their hand to give the signal until the subject started lowering their hand again) was extracted
and used for statistical analysis.

2.5. Selection of the Optimal Quantities of Fruits/Berries By-Products for Milk Permeate Beverages Enrichment

The different quantities (2.5, 5.0, 7.5, 10 g) of fruit/berry by-products (Shepherd/Sambucus nigra,
Raspberries/Rubus idaeus, Sea buckthorns/Hippophae rhamnoides, Blueberries/Vaccinium myrtillus) were
tested. In addition to the optimal quantity of WB, the optimal quantity of the tested fruit/berry
by-products was selected. First of all, the optimal quality was selected by the evaluation of overall
acceptability and emotions induced for consumers by the prepared enriched with WB and fruit/berry
by-products beverages (methods described in Section 2.3.

After an optimal (according to overall acceptability and induced emotions) fruit/berry by-products
content selection, the most acceptable samples were analysed further, by evaluating prepared enriched
beverages antimicrobial properties, LAB count during the storage, colour coordinates, and acidity
parameters. Description of the above-mentioned methods is given in.

Antimicrobial Activity of the Prepared Beverages Enriched with Wheat Bran and
Fruits/Berries By-Products

Antimicrobial activity of the prepared beverages enriched with extruded and fermented wheat
bran and fruit/berry against a variety of pathogenic and opportunistic bacterial strains (Salmonella
enterica Infantis LT 101, Staphylococcus aureus LT 102, E. coli (hemolytic) LT 103, Bacillus pseudomycoides
LT 104, Aeromonas veronii LT 105, Cronobacter sakazakii LT 106, Hafnia alvei LT 107, Enterococcus durans LT
108, Kluyvera cryocrescens LT 109, Acinetobacter johnsonii LT 110) was evaluated. The used pathogenic
and opportunistic bacterial strains were attained from the Lithuanian University of Health Sciences
(Kaunas, Lithuania) collection. Antimicrobial activity was assessed by measuring the diameters of
inhibition zones (DIZ, mm) in agar well diffusion assays. For this purpose, 0.5 McFarland unit density
suspension of each pathogenic bacteria strain was inoculated onto the surface of cooled Mueller-Hinton
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agar (Oxoid, UK) using sterile cotton swabs. Wells of 6 mm in diameter were punched in the agar
and filled with 50 uL of the prepared beverages samples. The average DIZ was calculated from
triplicate experiments.

Acidity parameters (pH and TTA) of the prepared beverages enriched with extruded and fermented
wheat bran and fruit/berries were evaluated immediately after preparing the beverages. The pH value of
beverages was measured and recorded using a pH electrode (PP—15, Sartorius, Goettingen, Germany).
The total titratable acidity (TTA) was determined of a 10 mL sample homogenised with 90 mL distilled
water and expressed as the amount (mL) of 0.1 mol L™! NaOH to obtain a pH value of 8.2.

The colour coordinates (L*, a*, b*) were assessed using a CIELAB system (Chromameter CR-400,
Konica Minolta, Tokyo, Japan).

For the evaluation of LAB count, 10 mL of the beverage were homogenised with 90 mL of saline
Og L1 NaCl solution). Serial dilutions of 107# to 108 with saline were used for sample preparation.
Sterile MRS agar (CM0361, Oxoid) of 5 mm thickness was used for bacterial growth on Petri dishes.
The dishes were separately seeded with the sample suspension using surface sowing and were
incubated under anaerobic conditions at 30 °C for 72 h. All results were expressed in logjg CFU mL™!
(colony forming units per mL of the sample) as the mean of three determinations. To determine the
viability of LAB during four weeks of storage at +4 °C.

2.6. Statistical Analysis

The results were expressed as the mean =+ standard deviation (SD). All analyses were performed at
least in triplicate. Results were analysed using statistical package SPSS for Windows V15.0 (SPSS Inc.,
Chicago, IL, USA, 2007). The significance of differences between the samples was evaluated using
Tukey range tests at a 5% level. A linear Pearson’s correlation was used to quantify the strength of the
relationship between the variables. The correlation coefficients were calculated using the statistical
package SPSS. The results were recognised as statistically significant at p < 0.05.

3. Results

3.1. Parameters of the Extruded Wheat Bran

Acidity (pH, total titratable acidity (TTA), and lactic acid isomers concentration) and
microbiological parameters (lactic acid bacteria (LAB), mould/yeast (M/Y), total bacteria (TBC), and total
enterobacteria (TEC) count) of the extruded and fermented WB are shown in Table 3. In comparing
fermented and non-fermented WB samples, after 24 h of fermentation, the samples’ pH was reduced by
28.9%, and TTA increased by 94.3%, in comparison with non-fermented extruded samples. L(+)/D(-)
ratio in fermented WB samples was 1.35, with predominant L(+) lactic acid. Lactic acid bacteria (LAB)
count in fermented samples was, on average, 8.79 logyo CFU g™, however, significant reduction of M/Y
count in fermented samples was not observed, compared with non-fermented ones. Enterobacteria did
not remain in the fermented samples, however, extrusion was not a significant factor for TEC. Moreover,
fermentation reduced sugar concentration in WB samples, and fructose, sucrose, and maltose did not
remain after fermentation.

Technological microorganisms, such as LAB, produce a variety of organic acids in the substrate and
lower the pH to levels that are inhibitory to many pathogenic and opportunistic microorganisms [51].
The increases of TTA and the reduction of pH improves food safety parameters as well. The levels
of pH and TTA in the substrate are influenced by many factors, including processing methods and
product properties.
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The major metabolite of LAB is D(—) and/or L(+) lactic acid [52]. However, the studies revealed the
microbiota metabolism of D(—) and L(+) lactic acid in fermented products are scarce. Data on the ratio
of lactic acid isomers was published for sauerkraut and cheese [53,54]. Different LAB showed different
production ratios of D and L lactic acid [52,55]. The accumulation of D(-) lactic acid may cause D-lactic
acidosis in mammals [56,57]. For this reason, researchers aimed to reduce the accumulation of D(-)
isomers in fermented foods during the fermentation.

The contamination of foods during the various processes of the production chain is always the point
of concern; this is especially important for the outer layer of cereals, which are contaminated from the
field. Moreover, the occurrence of some fungal species can be a signal of mycotoxin contamination [58—60].
Different methods, including thermal and non-thermal, are used to decrease the bacterial, as well as
fungal contamination of the cereal-based products [58,61]. The most environmentally-friendly and
efficient methods for cereal decontamination are fermentation processes. In addition, fermentation
leads to some positive nutritional and sensory characteristics of the products [61]. Moreover, during the
extrusion process, which includes a combination of high temperature and high pressure, toxin, as well
as non-desirable microorganisms reduction in food can be observed [62].

It was published that WB contamination (TBC) before fermentation was 5 logjg CFU g~!. For this
reason, to ensure the stability of the fermentation process with L. rhamnosus 1473 strain, sterilisation
step was included [63].

Finally, desirable changes in the fermented substrate were obtained: Fermentation reduced
the sugar concentration and pH in the samples with predominant lactic acid isomer L(+), and also,
the viable LAB count in the substrate was higher than 6.0 log;g CFU g‘1 and enterobacteria did
not remain.

The amino acids and biogenic amines (Bas) concentration in nontreated and extruded, as well as
extruded and fermented cereal by-products, are shown in Table 4. Most of the analysed amino acids
concentration after extrusion, as well as extrusion and fermentation in WB samples, remain similar
as before treatment, however, some changes were established in glutamine, cysteine, tryptophan,
phenylalanine and isoleucine content. Glutamine concentration in extruded and extruded/fermented
WB samples was, on average, by 17.1% lower, compared with nontreated WB. An opposite tendency
with cysteine concentration was found, and in comparison, nontreated and fermented/extruded WB
samples, were on average, 15.0% higher in concentration in treated samples. However, tryptophan,
phenylalanine, and isoleucine concentrations were reduced after extrusion and fermentation, on average,
by 19.4, 21.4 and 20.0%, respectively. In opposite, lysine concentration in extruded and fermented
samples was significantly higher (on average, by 23.5%).

Despite the fact that WB fermentation is a very popular process in the food and feed industry,
however published studies are very scarce [64-66], and it is worthy of note that about an extrusion and
fermentation combination for WB treatment was never reported before [63].

Overall, WB is the main by-product of the wheat milling industry, containing more than 15%
protein [67]. It was published that the proteins can be derived from WB [68]. Despite the fact that
endosperm biological value is higher in comparison with bran, however, WB proteins have a more
favourable amino acid composition compared to endosperm proteins [69]. However, these proteins
are located within cell wall polysaccharides, and for this reason, its digestion is pure [70]. Compared
to endosperm, WB proteins contain a higher amount of lysine, arginine, and glycine [71]. The most
dominant amino acids in WB are glutamic and aspartic acids, leucine, alanine, proline, arginine,
and glycine [70]. However, such a high content of protein in WB can lead to biogenic amines (BA)
formation, especially, during the fermentation processes [72].

In comparing Bas concentration in WB, phenylethylamine, tyramine, and spermidine were not
found in the tested WB samples. However, putrescine and spermine concentration in WB was increased
after extrusion and extrusion/fermentation processes (in extruded samples by 33.6%, in extruded and
fermented WB by 36.1% higher, in comparison with nontreated WB). Cadaverine and histamine were
found just in the nontreated WB (on average, 41.33 and 63.64 mg kg™!, respectively). In opposite to
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putrescine, spermidine concentration after both treatments in WB was reduced (in extruded samples
by 70.9%, in extruded and fermented WB by 70.1% lower, in compare with nontreated WB).

Table 4. The amino acids (g 100 g~1) and biogenic amines (mg kg~!) concentration in extruded and
nontreated cereal by-products non-fermented and fermented with L. uvarum strain.

W, W,
W, ex130/ ex130/
nonF 125 Lu

screwspeed25 screwsp.

Asp 043 +0.032  044+0032  048+0.04°
Glu 1.75 +0.09 P 1.43 +0.092 1.47 +0.082
Asn nd nd nd
Ser 029+0.032  026+0022  0.26+0.022
His 012+001>  010+0012  0.11+0.012
Gly 027 +0.022  024+0022  026+0.022
Thr 025+0.022  025+0.022  026+0.022
The Arg 031+003>  027+0.022  027+0.022
amino Ala 0.24+0.022  021+0.022  023+0.022
acids, Tyr 0.18+0.012  019+0012  017+0.012
¢ 10081 Cys 0.34+0.032  038+0.03"  040+0.03P
Val 0.34+0032  032+0032  0.34+0.032
Met 0.12+0012  013+0012  0.13+0.012
Trp 036+0.03°  032+0.03>  029+0.02°
Phe 028 +0.02>  024+0022  022+0.02°
Ile 040 £0.04>  032+0.032  0.32+0.032
Leu 0.14+001®>  010+0.012  0.11+0.012
Lys 026 +0.022  029+0.022  034+003P
Pro 0.50 + 0.04 0.27 +0.02P 0.24 +0.022

PHE nd nd nd

PUT 1023 +262 154.1 +5.4P 160.1 £4.0°¢
BAscon- CAD 413 +1.6 nd nd
centration,  HIS 63.6 +2.2 nd nd
mg kg™! TYR nd nd nd
SPRMD nd nd nd

SPRM 111.9£39°¢ 3250+0.8% 33.6+1.2P

W, wheat bran; nonp, non-fermented; Lu, fermented with Lactobacillus uvarum; exizojscrewspeed2s, extruded at 130 °C,
screw speed 25 rpm; nd, not determined; Asp, aspartic acid, Ala, alanine, Gly, glycine, Val, valine, Leu, leucine,
Ile, isoleucine, Thr, threonine, Ser, serine, Pro, proline Asn, asparagine, Met, methionine, Glu, glutamine, Phe,
phenylalanine, Lys, lysine, His, histidine, Arg, arginine, Tyr, tyrosine, Trp, tryptophan, Cys, cysteine; Bas, biogenic
amines; PHE, phenylethylamine; PUT, putrescine; CAD, cadaverine; HIS, histamine; TYR, tyramine; SPRMD,
spermidine; SPRM, spermine. Data are represented as means (1 = 3) £ SD. #°, mean values within a row denoted
with different letters are significantly different (p < 0.05). nd, not determined.

Bas are non-volatile nitrogenous bases with an aliphatic, aromatic structure formed by the
decarboxylation of free amino acids [73-75]. Depending on chemical structures, Bas are aromatic
amines (histamine, tyramine, 3-phenylethylamine, tryptamine and serotonin), aliphatic diamines
(putrescine and cadaverine), and aliphatic polyamines (agmatine, spermidine, and spermine). It has
been published that BA antioxidant properties are stronger than those of some antioxidant vitamins [76].
BA concentrations varied widely within food types [74,77-79], and they can be influenced by stock
origin, processing, storage technology etc. [74,77,80]. It should be pointed out that the consumption of
foods high BA concentrations may be deleterious to human health; for this reason, it is very important
to estimate concentrations of BA in foods [74,77,80]. Bas are stable compounds [74], however, it has
been published that the milling process influences BA distribution in different cereal fractions [81].
It has been reported that whole-grain wheat contains greater amounts of polyamines in comparison
with bread [82]. Confirmed results on the BA content in different fractions of cereal grains are limited,
however, it is known that histamine, putrescine, cadaverine, tyramine, spermidine and spermine are
responsible for toxicological effects of foods [81]. As low molecular weight compounds, after ingestion,
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they rapidly appear in the blood and various organs and are can inducing several digestive, circulatory
and respiratory symptoms [74].

It has been published that BA concentration in durum wheat cultivars is considerable, but not so
high as in fish, meat, cheese, fermented vegetables, soy products, and alcoholic beverages, etc. [73,74,79].
Finally, despite that the cereals have low BA content in comparison to the other foods, together with
other high-BA foods, they can enhance allergic reactions [73,74]. To prevent the non-desirable effects
of food, it is very important to control BA in a wide range of products [74].

3.2. Antimicrobial Properties of the Fruits/Berries by-Products

The antimicrobial properties of the fruit/berry by-products are shown in Table 5. Selected for
this experiment, fruit/berry by-products (shepherd, raspberries, sea buckthorn, blueberries) did not
show inhibition properties against Salmonella enterica Infantis and Kluyvera cryocrescens. Only raspberry
by-products inhibited E. coli (hemolytic), Aeromonas veronii and Cronobacter sakazakii, with the diameter
of inhibition zones (DIZ) being on average 12.9 mm. All the tested fruit/berry by-products inhibited
Enterococcus durans, and the highest DIZ of the sea buckthorn against this pathogen was found
(15.4 mm). Raspberries, sea buckthorn, and blueberries by-products showed antimicrobial properties
against Bacillus pseudomycoides and Acinetobacter johnsonii, and the highest DIZ against both pathogens
by raspberries by-products was found (on average, 15.4 mm). Staphylococcus aureus was inhibited by
shepherd and blueberries by-products (DIZ, 13.3 and 9.2 mm, respectively). Hafnia alvei was inhibited
by raspberries and blueberries by-products (DIZ 10.5 and 10.7 mm, respectively).

Sambucus nigra L. is well known because of its natural compounds, which reduces oxidative
stress-induced diseases. Shepherd contains various organic acids, flavanol glycosides and anthocyanins [83,84].
The anthocyanins present in shepherd showed protective effects against influenza A and B virus and
Helicobacter pylori infections [85-87], and work has been published about shepherd’s antifungal,
antitumour [88-94] and antimicrobial properties [95]. The main compounds responsible for shepherd’s
antimicrobial properties are polyphenols; extracts of shepherd possess antibacterial activity against
E. coli and Pseudomonas pudita, however inhibition of Bacillus cereus and Staphylococcus aureus was
not established in the literature.

Raspberry juice possesses antimicrobial and antifungal activity against Staphylococcus aureus,
Escherichia coli, Proteus wulgaris, Pseudomonas aeruginosa, Bacillus subtilis, and Candida albicans.
Antimicrobial activity of raspberries is explained by the presents of ellagitannins, whose content
and composition may vary depending on the variety and geographical location, however, it has
been published that raspberry extracts inhibited both Gram-positive and Gram-negative bacteria [96].
Sea buckthorn berries are rich in carotenoids, tocopherols, fatty acids, antioxidants, flavonoids,
ascorbic and organic acids [97]. The main identified components are ascorbic acid, carotenoids and
various phenolics, including proanthocyanins, gallic acid, ursolic acid, caffeic acid, cumaric acid,
ferulic acid, catechin and epicatechin derivatives, quercetin, kaempferol, and isorhamnetin glycoside
derivatives [98-101], which can be associated with pathogenic inhibition properties.

Blueberry fruits have revealed antimicrobial properties against Citrobacter freundii and Enterococcus
faecalis [102]. It was published that blueberry leaves inhibited S. aureus, and this result can be
related to high phenolic compounds content, which attacks an important number of bacteria,
with the antimicrobial capacity depending on the interactions between polyphenols and bacterial cell
surface [103,104]. R. equi was the most sensitive strain towards blueberry extracts, whereas E. faecalis
Gram-positive strain was the most resistant one [105].

Fruit/berry by-products showed desirable antimicrobial activity: Shepherd inhibited 2, sea buckthorn
—3, blueberries—?5, and raspberries—7 pathogens from the 10 tested. Finally, in this study, shepherd
by-products, and the obtained results showed that the tested by-products were very promising
antimicrobial ingredients for nutraceuticals, pharmaceuticals, and food formulations.
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3.3. Owverall Acceptability and Emotions Induced for Consumers by the Prepared Enriched with Wheat
Bran Beverages

The overall acceptability and emotions induced for consumers by the prepared beverages enriched
with extruded and fermented wheat bran (WB) are shown in Table 6. Comparing the overall acceptability
of the prepared beverages enriched with the different treated WB, the highest overall acceptability of
the samples, prepared with 10 g of the extruded and fermented WB, is shown (7.9 points).

Table 6. Overall acceptability and emotions induced for consumers by the prepared beverages enriched
with extruded and fermented wheat bran.

Beverages Samples

MPNE MPg MPLyuHs29+25WB MPLuns29+5WB MPLuHs29+7.5WB MPLyHs29+10WB
Overall Acceptability
52+02° 53+0.1" 42012 6.4+0.14 62+02°¢ 7.9£02¢
Emotions Induced by the Beverages (from 0 to 1)
Neutral 0.37 +0.02 ¢ 0.230 + 0.004 2 0.470 +0.013 4 0.31+0.01° 0.46 +0.014 0.49 +0.01¢
Happy 0.130 + 0.003 © 0.140 + 0.003 ¢ 0.060 + 0.002 ® 0.060 + 0.002 > 0.01000 =+ 0.0002 @ 0.150 + 0.004 ©
Sad 0.180 + 0.004 © 0.160 + 0.003 4 0.070 + 0.002 © 0.040 +0.001 2 0.060 + 0.001 ° 0.090 =+ 0.003 ©
Angry 0.060 + 0.001 4 0.130 = 0.003 f 0.030 + 0.001 © 0.040 = 0.001 0.100 % 0.002 © 0.020 + 0.001 @
Surprised 0.03 +0.001 4 0.0100 + 0.0002 © 0.0030 + 0.0001 ® 0.080 + 0.003 © 0.00100 + 0.00002®  0.00100 + 0.00003

Scared  0.00100 + 0.00002  0.00100 % 0.00002 0.020 + 0.001 © 0.0100 +0.0003°  0.00100 + 0.00002  0.00100 % 0.00003
Disgusted  0.00100 + 0.000022  0.00100 + 0.00002®  0.0020 + 0.0001®  0.00100 + 0.00003*  0.00100 + 0.00002®  0.0080 + 0.0002 ¢
Contempt  0.090 + 0.002 4 0.0300 + 0.0006 ® 0.050 + 0.001 © 0.0100 = 0.0003 0.140 + 0.003 ¢ 0.050 + 0.001 ©

Valence 0.080 + 0.002 0.130 + 0.003 £ 0.090 + 0.002 ¢ 0.070 + 0.002 ® 0.0300 + 0.0007 0.110 + 0.003 ©

MPy, non-fermented milk permeate; MPg, milk permeate fermented with LUHS29 (P. acidilactici); WB, wheat bran
extruded at 130 °C, screw speed 25 rpm and fermented with LUHS245 (L. uvarum); 2.5, 5, 7.5, and 10, quantity of
WB used, g 50 mL~!. Data are represented as means (1 = 3) = SD. f Means with different letters in column are
significantly different (p < 0.05).

Today, scientific interest focuses not just on food’s nutritional and functional value, but also
on food-induced emotional responses, because, emotions are closely related to consumers’ food
choices [106,107]. It has been published that the disliking of unknown and/or non-traditional foods
is strongly related to negative emotions [108]. It is also known that positive emotions, such as joy,
happiness, and satisfaction, have a significant positive correlation with food’s sensory properties [109].
According to Dalenberg et al. [110], emotional responses better-characterised food choices in comparison
with liking. However, in comparison with other affective feelings, emotions were characterised by
high intensity, rapid change, and were short-lasting [111].

In this study, between overall acceptability and the emotion “disgusted” was induced for
consumers by the prepared beverages enriched with extruded and fermented WB, but very weak
positive correlations were found (r = 0.1467), as well as weak positive correlations between overall
acceptability and emotions “neutral”, “happy”, “sad”, and “angry” were found (r = 0.2430, r = 0.2105,
r=0.2705, and r = 0.2439, respectively). The strongest (positive moderate) correlation between the
overall acceptability and emotion “scared” was found (r = 0.5295). According to the results obtained,
for the further experiment, samples prepared with 10 g of the extruded and fermented WB was chosen,
as they showed the highest overall acceptability.

3.4. Overall Acceptability and Emotions Induced for Consumers by the Prepared Beverages Enriched with
Wheat Bran and Fruits/Berries By-Product Beverages

Overall acceptability and emotions induced for consumers by the prepared beverages enriched
with extruded and fermented WB and fruit/berry by-products are shown in Table 7. In comparison,
different beverage groups prepared with different types of berries, in most of the cases (except sea
buckthorn), by increasing the berries’ content, the beverages” overall acceptability was increased,
and the highest overall acceptability of the samples, prepared with 5.0 and 7.5 g of blueberry by-products
was found (on average, 9.5 points).
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Evaluation of the induced emotions by brands, packaging, etc. is generally performed to obtain
information about product sales, brand loyalty, and consumer satisfaction [112]. However, the study
of emotions induced by unpackaged foods and beverages in response to their sensory properties is
more recent and very important for the development of product innovations [113,114]. It is suggested
that the sensory properties of a product may correlate with emotions, and for this reason, a greater
understanding of the relationship between sensory characteristics and emotions has become very
important [115,116].

In this study, between overall acceptability and the emotion “happy” induced for consumers
by the prepared beverages enriched with extruded and fermented WB and berries, there was a very
strong positive correlations were found (r = 0.8525), as well as a strong negative correlation between
overall acceptability and emotion “angry” was found (r = —0.6842). Moderate negative correlations
between the overall acceptability and emotions “disgusted” and “contempt” were found (r = —0.4134
and 7 = —0.4134, respectively). Between overall acceptability and emotions “neutral” and “sad” very
weak positive correlations were found (r = 0.1136 and r = 0.1973, respectively). According to overall
acceptability results, for the further experiments, samples prepared with 20 g 50 mL~! of WB and
with the addition of 5.0 g 50 mL~! of sea buckthorn and 7.5 g 50 mL~! of shepherd, raspberries and
blueberries were selected.

In the last decade, evaluation of emotions has been widely applied by the beverage industry
in the product development cycle, for product improvement and optimisation, and changes in
the formulation [117,118]. However, the literature in this area of application is scarce, since most
manufacturers use this information internally to achieve a technical advantage against other competitors
in the market [117]. Thomson et al. [119] published that specific sensory characteristics are associated
with emotional conceptualisations in unbranded samples of dark chocolate, including associations of
“cocoa” with “powerful” and “energetic”, “bitter” with “confident”, “adventurous” and “masculine”,
and “creamy” and “sweet” with “fun”, “comforting” and “easy-going”. However, Thomson et al.
did not compare hedonic and emotional responses; for this reason, it is not possible to determine
sensory-emotion linkages. However, a correlation between acceptability and emotional associations in
food and beverages was reported [114,120-124].

In this study, also, a very strong positive correlation was found between overall acceptability
and the emotion “happy”, however, it should be mentioned that the beverages without fruit/berry
by-products showed lower correlations between overall acceptability and induced emotions. It could
be that more intensive sensory properties induced by the addition of fruit/berry by-products, induced
stronger emotions for consumers, which were fixed, and in this study, by fruit/berry by-products
induced emotions were positive.

3.5. Antimicrobial Activity of the Prepared Beverages Enriched with Wheat Bran and
Fruits/Berries By-Products

The DIZ of the prepared beverages against pathogenic and opportunistic strains are shown in
Table 8. All of the prepared beverages showed inhibition properties against Salnonella enterica Infantis
and Staphylococcus aureus, however, all of the prepared beverages did not inhibit Kluyvera cryocrescens.
Beverages, prepared with extruded and fermented WB, but without berries/fruits by-products inhibited
2 out of 10 tested pathogenic and opportunistic strains, however, beverages prepared with shepherd
and sea buckthorn inhibited 9 out of 10, as well as beverages prepared with raspberry and blueberry
by-products, which inhibited 8 out of 10 tested pathogenic and opportunistic strains. The highest DIZ of
beverages prepared with shepherd against E. coli (hemolytic) and Enterococcus durans were found (13.4
and 12.3 mm, respectively), the highest DIZ of beverages prepared with raspberry by-products against
Bacillus pseudomycoides, Enterococcus durans, and Acinetobacter johnsonii (DIZ, on average, 13.8 mm),
the highest DIZ of beverages prepared with sea buckthorn by-products against Enterococcus durans and
Acinetobacter johnsonii (DIZ, on average, 13.9 mm), and the highest DIZ of beverages prepared with
blueberry by-products against E. coli (hemolytic) and Enterococcus durans (DIZ, on average, 14.8 mm).
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Finally, in all the cases, berries/fruits by-products increase beverages’ antimicrobial properties,
in comparison with beverages prepared just with extruded and fermented WB, and these results can
be related to berries/fruits” bioactive compounds and antimicrobial properties, which are described
above (Section 3.2). Moreover, during fermentation, LAB excreted a broad spectrum of antimicrobial
compounds (organic acids, low molecular weight peptides, hydrogen peroxide, etc.) that inhibits the
growth of pathogenic and opportunistic strains [125]. The antimicrobial activity of LAB against a
variety of pathogenic and opportunistic strains was determined in several studies [126-131]. In the
developed beverages, both antimicrobial ingredients: Viable LAB and fruit/berry by-products showed
a symbiotic effect on pathogens inhibition.

3.6. LAB Count during the Storage, Colour Coordinates, and Acidity Parameters

The viable LAB count in prepared beverages during the four weeks of storage at +4 °C temperature
is shown in Table 9. The LAB count after 24 h in beverages was, on average, 8.17 log;o CFU mL™!,
and after one and two weeks of storage, significant changes in the LAB counts were not found. However,
after three weeks of storage, LAB count was reduced in the fermented milk permeate (without WB
and berries/fruits by-products addition) samples (on average, by 10.3%). After four weeks of storage,
higher than 6.0 log;g CFU mL~! remain in two beverage groups: Beverages prepared with extruded
and fermented WB (on average, 7.20 logjo CFU mL™!) and in beverages prepared with extruded and
fermented WB and 7.5 g 50 mL~! of shepherd (on average, 6.93 logjg CFU mL™!). Finally, three weeks
storage time for beverages can be recommended, because during this time the viable LAB count
in beverages remained higher than 6.0 log;g CFU mL™!. In addition, the beverages prepared with
extruded and fermented WB, and beverages prepared with extruded and fermented WB and 7.5 g
50 mL~! of shepherd had their functional properties retained for longer, and for the above-mentioned
beverages, four weeks storage time can be recommended.

Table 9. Viable lactic acid bacteria (LAB) count in prepared beverages during the four weeks of storage
storage at +4 °C temperature.

LAB Count, log;gp CFU mL-1

Beverages Samples

24 h 1st Week 2nd Week 3rd Week 4th Week
MPNE n.d n.d n.d n.d n.d
MPg 799+0222 789+0162 779+0.19° 699+0242 5800172
MP| UHS29+10WB 820+0.18° 801+020° 800+028P 801+020° 720+021P

MPyyUHs29 410w +ShepZ.5  833+0219 803+0.15° 7.83+027P 7.80+027° 6.93+020P
MPryns29s10ws+Rasp7.5 817 +026P 798+0.19° 791+020P 7.69+019° 5.88+0.142
MP; UHS29+10wB+S€a5.0 810+ 012> 799+016° 790+027° 754+025° 5.67+0.132
MPy.Uns29+10wE+Blu7.5 815+021P 7.87+0292 731+0282 699+0272 594+0.162

LAB, lactic acid bacteria; MPyg, non-fermented milk permeate; MPg, milk permeate fermented with LUHS29
(P. acidilactici); Shep, Shepherd/Sambucus nigra, Rasp, Raspberries/Rubus idaeus; Sea, Sea buckthorns/Hippophae
rhamnoides; Blu—blueberries/Vaccinium myrtillus; WB, wheat bran extruded at 130 °C, screw speed 25 rpm and
fermented with LUHS245 (L. uvarum); 10WB, quantity of WB used, g 50 mL™1;5.0,7.5, quantity of berries used,
g 50 mL~. The data expressed as mean values (1 = 3) + SD; SD, standard deviation. a=d The mean values within a
column with different letters are significantly different (p < 0.05); n.d, not determined.

Colour coordinates, acidity and antioxidant parameters of the prepared beverages are shown in
Table 10.
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The highest lightness (L*) coordinates of the beverages prepared with extruded and fermented
WB were established (39.1 NBS), the lowest L* (by 49.6% lower) of the beverages, prepared with WB
and shepherd addition were found. The addition of raspberries increases redness (a*) of beverages,
and in comparison with beverages groups with and without berries, beverages with raspberries had
a* coordinates that were by 88.0 and 63.5% higher, respectively. The highest yellowness (b*) of the
beverages prepared with the sea buckthorn was found (15.5 NBS), and in comparison with other
beverages, this group showed, on average, 7.7 times higher b* coordinates. Colour characteristics are
one from the main sensory properties, which have a strong relationship with consumers” acceptance
and purchasing decisions regarding a product [132]. In addition, colour is a product quality indicator
and influences the perception of taste, safety, as well as nutritional value [133].

Moderate positive correlations between overall acceptability and L*, between emotion “sad” and
a*, and between the emotion “disgusted” and L* were found (Table 11). As well as moderate negative
correlations between emotion “angry” and a*, it was also established between the emotion “surprised”
and a* and b* colour coordinates. In addition, there were strong positive correlations between the
emotion “neutral” and L*, between the emotion “happy” and a*, between the emotion “contempt”
and a*, and between “valence” and a* and b* coordinates. The strong negative correlation between
emotion “happy” and L* was established, as well as a very strong positive correlation between the
emotion “sad” and b* and between emotion “contempt” and b*.

Table 11. Correlation coefficients between colour coordinates and overall acceptability and emotions
induced for consumers by the tested beverages.

Colour Overall

Coordinates  Acceptability Neutral Happy Sad Angry  Surprised Scared Disgusted Contempt Valence

Correlation Coefficients (R) between Colour Coordinates and Overall Acceptability and Emotions Induced for
Consumers by the Tested Beverages.

L* —0.2472 0.7466 —0.6405 0.1461 —-0.0861 —0.4778 0.2659 0.5806 -0.0196 0.0491
a* 0.5451 -0.1683 0.6144 0.5909 -0.4113 -0.0543 0.0369 -0.3109 0.6709 0.6530
b* 0.3512 0.0988 0.2708 0.8350 -0.0416 —-0.4592 0.0483 -0.2360 0.8582 0.7929

L*, lightness; a*, redness (a* greenness); b*, yellowness (b* blueness).

In a comparison of the pH of the beverages prepared with functional additives, the lowest pH of
the samples prepared with raspberries and blueberries was found to be 4.17 and 4.20, respectively,
but it should be mentioned, that all the samples prepared with additives showed a higher pH than that
fermented milk permeate (pH 3.91) without WB and/or fruits/berries. A very strong negative correlation
was found between pH and TTA of the samples (r = -0.94524). In comparison, with total phenolic
compound (TPC) content in samples, the highest TPC content in beverages prepared with the addition
of raspberries was established (141.7 mg 100 g~ d.m.). The lowest TPC content in non-fermented milk
permeate was found (68.2 mg 100 g~! d.m.), however, fermentation increased TPC in milk permeate
samples, on average, by 34.9%, compared with samples prepared with extruded and fermented
WB with fermented milk permeate without additives, where WB addition increased TPC content,
on average, by 15.8%. When comparing the samples group prepared with the addition of extruded
and fermented WB with samples prepared with WB and fruit/berry by-products, most fruits/berry
by-products increased TPC content in the beverages (on average, by 9.0%), except samples prepared
with sea buckthorn, in which TPC remained similar as before the addition of fruit/berry by-products.
A very high positive correlation was established Between TPC and antioxidant activity of the samples
(r =0.9919).

The development of plant-derived nutraceutical beverages with antioxidant properties has been
the intensively studied in recent years [134]. In this study, the main antioxidant properties in the
developed beverages’” ingredients were fruit/berry by-products, however, it should be mentioned that
the LAB also excreted antioxidant property possessing compounds.

The modulation of the intestinal redox environment using viable bacteria possessing antioxidant
properties has also been noted [135].
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The health benefits of products containing desirable bioactive compounds have been previously
published. Antioxidant characteristics of plants can be related to several anti-oxidative mechanisms of
the chemical composition of plant tissues, as well as by micro- and macrocompounds interactions,
including synergistic or opposite mechanisms of action [136].

The main compounds, which lead to shepherd antioxidant activity, are anthocyanins and
flavanols [137]. Shepherd phenolics are depended on plant genetic differences, environmental
conditions, degree of maturity, etc., and these factors are very important for industry because
chemical composition is related to antioxidant capacity [138]. Raspberries are a good source of bioactive
phytochemicals, especially phenolics, in which the general structure contains an aromatic ring with one
or more hydroxyl groups, and these compounds are highly associated with antioxidant capacity [139].
The antioxidant capacity of phenolics is based on the ability of the phenolic ring to stabilise and
delocalise unpaired electrons [140].

TPC in raspberries varied between 142 and 758 mg gallic acid equivalents (GAE) 100 g~! fw [29].
The concentration of TPC in plants can be induced by many factors, including species, cultivar, ripening
stage, soil, and climate [141,142], producing differences in the TPC found among the different studied
species [96]. Moreover, in vitro antioxidant activity of the fruit/berries can be related to the high content
of ascorbic acid [143-145]. It was reported that Sea buckthorns are rich in phenolics and flavonoids
with potential antioxidant and antiproliferative activities and can be recommended in antioxidant
and anticancer dietary supplement synthesis and utilisation in the food industry. Furthermore, it was
published about blueberry antioxidant activity [102]. The effect of blueberry juice phytochemicals
occurs through redox- and non-redox-regulated mechanisms and protects from oxidative damage
factors related to bone remodelling and bone formation [146].

4. Conclusions

This study confirms that added-value products can be prepared from food industry by-products
combinations. However, it should be mentioned that ingredients quantities and their pre-treatment
must be carefully selected. In this study, in most cases (except sea buckthorn), by increasing FBB
content the beverages overall acceptability was increased, and the highest was obtained for the samples
prepared with 5.0 and 7.5 g of blueberries FBB. A very strong positive correlation (r = 0.8525) between
overall acceptability, evaluated by points, and emotion “happy”, induced for consumers by the
prepared beverages, was found. Moreover, FBB is a good source to increase total phenolic compounds
(TPC) content (in this study, on average, by 9.0%) in beverages. Finally, it can be stated that newly
developed nutraceutical beverages are acceptable for consumers, induced positive emotions, as well as
possessing desirable antimicrobial and antioxidant properties, and are prepared in an environmentally
friendly and sustainable manner.
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Abstract: Among the numerous health benefits of fish consumption, perhaps the most recognized is
the role of omega-3 fatty acids in the prevention of cardiovascular disease. Cardiovascular disease is
prevalent in Hungary, which has the lowest fish consumption in Europe. Increasing fish consumption
is the aim of most European countries and given the high incidence of cardiovascular disease in
Hungary, it is of particular importance. A significant reduction of the VAT for fish in 1 January 2018
aimed to increase fish consumption in Hungary. However, despite reduced VAT, the price of fish
in Hungary rose from 2017 to 2018. The aim of our research is to explore perceived risks that serve
to exacerbate Hungarian consumers’ low fish consumption, and to measure their effects to identify
potential strategies to most effectively increase fish consumption. We applied partial least squares
structural equation modeling (PLS-SEM) to analyze responses provided by 1042 survey participants
(collected with face-to-face interviews, using quota sampling in 2014) to explore variables of fish
consumption associated with perceived risk including psychological, physical, social, and functional
risks. Our model is the first one that applies detailed perceived risk categories to measure those effects
on low fish consumption. The results indicate that psychological risk associated with negative past
experiences have both a direct, and through functional risk, an indirect significant negative effect on
fish consumption. Conversely, neither social nor physical risk impede Hungarian fish consumption.
We conclude that the seafood industry could benefit from targeted interventions that seek to reduce
functional risk-perception of the person responsible for preparing fish in the household.

Keywords: perceived risk; functional risk; psychological risk; social risk; physical risk; negative past
experiences; structural equation modeling; consumer behavior

1. Introduction

Whilst in 2004, Olsen noted a surprisingly low volume of research on fish consumption from the
perspective of marketing and consumer behavior [1], a more recent review by Carlucci et al. (2015)
identified 49 relevant studies [2]. In more recent times, consumer research on barriers to fish
consumption have been conducted across the globe [3] and in specific continents including Europe [4,5],
Africa [6], Asia [7], Australia [8], South-America [9,10]. In their review, Carlucci et al. (2015) identified
the main barriers of fish consumption to be associated with unpleasant sensory qualities of fish,
low convenience, consumer lack of confidence in selecting and preparing fish, concerns about potential
health risks, low availability of fish and high prices [2].

Understanding barriers to fish consumption is especially important in countries where
consumption is markedly low, and in some cases, decreasing. Of concern, Eumofa (2019) data
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reveals long-range stagnation of fish consumption in some Central-European countries. For example,
Hungary has the lowest annual per capita fish consumption in Europe (5.6 kg) with only 5% of
expenditure on animal proteins in 2018 being for fish and seafood. Likewise, only 9% of expenditure
on animal proteins in the Czech Republic in 2018 was spent on fish and seafood [11].

Fish consumption is important due to numerous positive health benefits for example, reduced
incidence of disease such as breast cancer (e.g., [12]), sarcopenia [13], and mental illnesses such as
depression [14], as well as, neurological diseases (e.g., [15]). In particular, researchers emphasize
the preventive role of omega-3 fatty acids and role of fish consumption in reducing cardiovascular
disease [16-19]. We argue there may be a direct correlation between health problems in Hungary and
very low fish consumption, with Hungary reporting the worst data for cardiovascular disease within
the European Union [20,21].

Seeking to increase fish consumption, the Hungarian government reduced the VAT for fish by
22% in 1 January 2018. In Hungary, carp is one of the most popular species of fish [22,23]. Changes in
the price of a slice of carp, in monthly intervals in 2017 and 2018 (the year before and after the reduced
VAT) are illustrated in Figure 1.
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Figure 1. Monthly and yearly national average consumer price of a carp slice or fillet HUF/kg
Source: [24].

The data reveals that the reduction of VAT in January 2018 successfully lowered the rising
price of a carp slice; however by July 2018, only 7 months later, the price reached the previous 2017
price level. Hence, the reduction of VAT only temporarily reduced and then constrained the price,
potentially explained by opportunistic behavior on behalf of Hungarian fish mongers. Given the
latest fish consumption data available from FAO, Eumofa, and EC are from 2017, it is not possible
to state whether the reduced VAT led to any increase in fish consumption in Hungary. However,
while price (representing financial risk for the consumer), has been identified as a major barrier to fish
consumption, other risks including functional, social, physical and psychological risks associated with
fish consumption also influence fish consumption [25,26], and these risks are the focus of this paper.

1.1. Conceptual Model

Numerous studies have investigated reasons for lower-than-optimal fish consumption across
the globe [2]. Several studies have explored the effect of food neophobia on fish consumption,
and concluded that a higher degree of food neophobia negatively influenced fish consumption both for
children [27,28] and adults [28-32]. Jaeger et al. [32] showed in the case of 112 analyzed foods—among
them different forms of fish—that food neophobia has a significant effect on both the frequency of
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the given food’s intake and on the preferences related to it. Many papers have been premised on the
theory of planned behavior [33], for example, in Indonesia [34], Peru [10], Croatia [35], Bangladesh [36],
Vietnam [37,38] and Belgium [39]. Data analysis for fish consumption studies has frequently involved
the use of structural equation modeling (SEM) [38,40—45]. SEM was used by Pieniak et al. [46] and
Siddique [36] and Schaefer et al. [47] used regression based on the variables of “risk perception”
and “perceived risk”, however, these two variables only explained a fraction of the effect. In an
Australian study, Birch and Lawley [25] applied perceived risk theory [48,49] to explore the role
of various categories of perceived risk on fish consumption, but they did not attempt modeling.
Categories of perceived risk were first identified by Jacoby and Kaplan [50], distinguishing functional
(or performance risk), physical, social, financial and psychological risks. In a consumer context,
Murphy and Enis (p. 31 [51]) define risk as the “monetary and nonmonetary price of the product” with
financial risk being monetary and social, psychological, physical, functional being nonmonetary.

In line with a study of perceived barriers to fish consumption in Australia conducted by Birch
and Lawley [25], we investigate non-monetary risks associated with fish consumption in Hungary
including physical, social, psychological (negative past experiences) and functional (occurring during
cooking) risks.

1.1.1. Physical Risks

Fish consumption may involve various physical risks including choking on bones, allergic reactions,
spoiled fish and contaminants such as heavy metals [25,47,52]. An increase in consumers’ perception
of the physical risk of consuming fish may be expected as freshwater contamination becomes better
detected [53-56]. While communication of potential physical risk associated with fish consumption (e.g.,
mercury) is important [57], Anual et al. argue that consumers should be informed about contaminants
in a way that equips them with the knowledge to more effectively manage the risk rather than resulting
in decreased fish consumption [58]. Given potential perceived physical risks associated with fish
consumption, we hypothesize:

Hypothesize 1 (H1). Physical risks directly and negatively influence fish consumption.

1.1.2. Social Risks

Fish consumption studies have investigated the role of social norms and social risks in mitigating
fish consumption [5,25,39,59-61]. For example, in a Belgian study (1 = 429) conducted by Verbeke
and Vackier [39], one quarter of respondents not living alone indicated that they served a fish dish
less frequently because of the resistance of the household members, and specifically concluded
that the presence of a teenager in the household negatively influences fish consumption. Likewise,
in an Australian study (n = 899), Birch and Lawley [25] found that nearly a third of the Australian
respondents not living alone also served fish less frequently if other members of the household disliked
fish. In Pinho et al.’s research [5], the barrier of the “taste preference of family and friends” proved to
be a significant factor with households of three or more people. Zhou et al. [61] confirmed the findings
of Myrland et al. [59], and Verbeke and Vackier [39] and concluded that the presence of a teenager in
the household negatively influences fish consumption. Given the potential for dislike of fish by others
to reduce fish consumption, we hypothesize:

Hypothesize 2 (H2). Social risks directly and negatively influence fish consumption.

1.1.3. Psychological Risks

Past experience influences intention to eat fish [42]. Fish consumption in childhood has been
found to influence fish consumption in adulthood with studies indicating that regular childhood fish
consumption leads to higher fish consumption as an adult (e.g., [41,62,63]). Conversely, too frequent fish
consumption in childhood may result in aversion towards fish as a food in adulthood [62]. Negative past
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experiences associated with dislike of the sensory qualities of fish (bones, smell, appearance, taste,
texture, etc.) have been found to lead to lower fish consumption [2,8,25,59]. In Hungary, a key source
of unpleasant sensorial experiences may potentially be linked to consumption of primarily freshwater
fish (that may have a muddy taste) [6], given Hungary is landlocked country. Given negative past
experiences may influence fish consumption, we hypothesize:

Hypothesize 3 (H3). Psychological risk associated with negative past experiences directly and negatively
influences fish consumption.

1.1.4. Functional Risks

Functional risk has been found to be a major barrier to fish consumption [25]. Numerous studies
highlight the importance of knowledge in increasing fish consumption [1,4,43,64]. Hence,
increasing consumer knowledge and confidence around selecting, cooking and serving fish (especially
younger consumers) may lead to increased fish consumption [8,63]. Lack of knowledge and confidence
may arise from low familiarity that has been found, for example, to be a key barrier to consumption
of seafood such as shrimp and mussels [65]. Contini et al. emphasized the role of cooking skills on
intention to consume fish [40], however, lack of knowledge of the person responsible for cooking in
terms of fish preparation may not have the same significance in all countries, and rather may be more
closely related to consumption frequency [66]. In our study, we specifically explore the functional risks
that emerge during the preparation of fish dishes by the person responsible for cooking within the
household. Given the potential for functional risk to influence fish consumption, we hypothesize:

Hypothesize 4 (H4). Functional risk arising during the preparation of fish directly and negatively influences
fish consumption.

1.1.5. Interaction Effects

Badr. et al.’s study revealed that consumers regard the preparation of freshwater fish to be
particularly difficult, requiring knowledge and skills [6]. The lack of these can easily result in
improperly prepared fish meals. Poorly prepared fish arising from functional risk likely leads to
a less than pleasing consumption experience, thus increasing the likelihood of psychological risk.
According to the results of Laureati et al. [28] whether kids like a fish dish depends greatly on its
cooking method. They connect all of this to neophobia and note that choosing the right recipe can
significantly contribute to reducing it. Hence, we hypothesize:

Hypothesize 5 (H5). Functional risk that arises during cooking directly and positively influence psychological
risk due to negative past experiences.

Poorly prepared fish may also lead to lower familiarity and acceptance of fish by other members
of the household thus increasing social risk due to food acculturation effects. The effect of which is
amplified further as the acceptance of unknown fish and fish meals will be more difficult due to higher
perceived risk [67] and may result in the younger generation regarding the preparation of fish meals as
even more difficult [39,45,68]. Hence, we hypothesize:

Hypothesize 6 (H6). Functional risk that arise during preparation directly and positively influence (facilitate)
the development of social risk.

The aim of the present research is to apply the theory of perceived risk and contribute to
the increasingly sophisticated modelling that seeks to explain complex fish consumption behavior.
The context for the study is in a very low fish consumption country, namely Hungary, with the aim of
identifying the role of perceived risk and inform strategies for reducing identified perceived risks in
order to increase fish consumption. Figure 2 presents the conceptual model for the study indicating
direct and indirect effects.
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H1

Consumption frequency

Psychological risk

Figure 2. Conceptual framework.

2. Materials and Methods

A face to face state-wide paper-based survey of 1063 Hungarian consumers was conducted
between 22nd September to 10th October 2014 in public places of 8 big cities of Hungary, namely in
Budapest, Székesfehérvar, Pécs, Gy6r, Miskolc, Debrecen, Szolnok, and Szeged, using a standardized
questionnaire. Due to the refusal to answer certain questions, we discarded the responses of 21
respondents, and thus analyzed the data from 1042 respondents. The respondents were motivated with
a small non-food gift for participating in the survey. Before completing the survey, the respondents
provided verbal consent to their answers being recorded. At the beginning of the survey we also
informed them in writing that their answers will later be analyzed, but at the same time the responses
would remain anonymous, and we did not collect any specific demographic data about the respondents.
They had the option to refuse to answer any question or stop answering the survey at any point.
The data is representative of the general population with respect to age and gender as a result of
quota-sampling. A respondent profile is presented in Table 1.

Table 1. Demographic and income properties of respondents (1 = 1042).

. Composition of Composition of
Variables thep Sample the Pspulation *
Male 46.8% 46.9%
Gender Female 53.0% 53.1%
Missing 0.2%
18-25 11.6% 11.5%
26-35 17.8% 15.3%
Age group 36-45 18.1% 19.5%
46-55 16.4% 15.8%
56 or older 35.9% 37.9%
Missing 0.2%
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Table 1. Cont.

Elementary 6.6%
Trade/vocational 16.3%
Education Secondary 32.1%
Tertiary 42.6%
Missing 2.3%
Northern Hungary 6.9% 11.6%
Northern Great Plains 12.8% 14.9%
Southern Great Plains 14.7% 12.8%
Region Central Hungary 32.2% 30.7%
Central Transdanubia 10.0% 10.8%
Western Transdanubia 10.7% 10.0%
Southern Transdanubia 8.5% 9.1%
Missing 4.2%
Very tight 2.5%
Tight 11.7%
Perceived Average 58.4%
income status Good 20.6%
Very good 4.0%
Missing 2.7%

*Source: [69].

In the two main parts of the questionnaire, we queried about the frequency of fish consumption
and agreement with attitude statements.

Attitude statements for the survey were replicated or modified to the Hungarian consumption
context based on the work of Birch and Lawley [25]. The degree of agreement was measured on a
5-point Likert-scale with ends labelled 1 = completely disagree and 5 = completely agree. The research
focused on barriers of fish consumption and all the attitude statements are associated with perceived
risk. The following attitude statements were included in the investigation (Table 2):

Table 2. Items and constructs.

Psychological risk

I like the taste of fish—reverse coded
I came to like fish already as a child-reverse coded
I'have had good experiences in eating sea fish in the past — reverse coded
I'have had good experiences in eating freshwater fish in the past-reverse coded

Physical risk

I am concerned that spoiled fish will be sold to me
I am concerned that fish may not have been handled in a hygienic way
T am concerned that fish contains a lot of contaminants from sea
T am concerned that fish contains a lot of contaminants from freshwaters

Functional risk

The person who cooks in our household does not know how to prepare freshwater fish
The person who cooks in our household does not know how to prepare saltwater fish
It is hard for the person who cooks in our household to bring him/herself to cook from fish that
(s)he does not know

Social risk

Other adults in my household do not like fish
One or more children in my household do not like fish
Resistance by other members of my household makes it hard to serve fish as often as I want

Partial least square based structural equation modeling (PLS-SEM) was performed with the help of
the SmartPLS software [70]. We built a reflective model, with frequency of consumption as a dependent
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variable measured with the question—How often did you consume a whole portion (10-15 dekagrams)
of fish in the past year?

3. Results

3.1. Frequency of Fish Consumption

Typically, health guidelines recommend consumption of two servings of fish per week. For
the grouping of frequency of consumption, we used the categorization of Birch and Lawley [25],
regular fish consumers (2-3 times per week to at least once a week), light fish consumers (about once
per fortnight), and very light fish consumers (once per month). Confirming the very low average fish
consumption in Hungary, 12% (n = 120) of respondents report never consuming fish. Only 47% of
respondents consume fish at least once per month. We categorized respondents who consume fish
less than once per month but at least once a year (1 = 440, 42%) as “extremely light” fish consumers.
They may be the ones who typically, but not exclusively, consume the traditional Christmas fish dishes
(fish soup, carp in breadcrumbs) in Hungary, so they are familiar with fish dishes, but consume them
only on holidays. Very light fish consumers (1 = 263) accounted for 25% of those surveyed and light
fish consumers accounted for a further 10% (n = 107), while regular fish consumers (n = 112) only
accounted for 11% of the respondents. Consumption frequency characteristics of the sample are
introduced in Table 3.

Table 3. Consumption frequency of the sample (1 = 1042).

Consumption Frequency n %
Regular (2-3 times per week to at least once a week) 112 11%
Light (About once per fortnight) 107 10%
Very light (Once per month) 263 25%

Extremely light  (Less than once per month but at least once a year) 440 42%
Never (Never) 120 12%

3.2. Measurement of Model

The attitude statements of the research tested were built into the model. The factor loadings of the
items and the values belonging to the background variables of the model are shown in Table 4.

The values of the model confirm its reliability. Composite Reliability values fall between 0.767 and
0.823 and exceed the expected value of 0.7 in all cases [71]. The values of average variance extracted
(AVE) vary between 0.505 and 0.565, and thus exceed the expected score of 0.5 [72]. Finally, Cronbach’s
alpha scores exceed 0.7 [73]. Although some factor loadings do not exceed 0.7, retaining them is in
accordance with the recommendation of Hair et al. [74], who argue that items with factor loadings
between 0.4 and 0.7 should be examined to determine whether discarding them will result in worse
indices for the model. Moreover, in all cases, the values substantially exceed the value (<0.5) that
Bagozzi and Yi consider the threshold for rejection [75]. The Collinearity Statstics show, that the VIF
values for all items are below the threshold of 3 [72].

Considering the fact that we built a reflective model, the indices of the structural model
were calculated with Consistent PLS Algorithm. Our results indicate that the model is a good
fit (SRMR = 0.061, NFI = 0.856), and is consistent with the recommendation of Hu and Bentler [76],
in that the SRMR score should remain below 0.8. Tables 5 and 6 show the results of the discriminant
validity. Table 5 displays the Fornell-Larcker test of discriminant validity, while Table 6 shows the
Heterotrait-Monotrait Ratio (HTMT).
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Table 4. Construct reliability and validity.

Construct and Indicators Factor Loading
Psychological risk (CR = 0.823, AVE = 0.539, CA = 0.823)
Tlike the taste of fish—reverse coded 0.776
I came to like fish already as a child—reverse coded 0.634
Thave had good experiences in eating sea fish in the past—reverse coded 0.733
Thave had good experiences in eating freshwater fish in the past—reverse coded 0.783

Physical risk (CR = 0.803, AVE = 0.505, CA = 0.801)

Tam concerned that spoiled fish will be sold to me 0.667

T'am concerned that fish may not have been handled in a hygienic way 0.730
Tam concerned that fish contains a lot of contaminants from sea 0.670
Tam concerned that fish contains a lot of contaminants from freshwaters 0.772

Functional risk (CR = 0.767, AVE = 0.525, CA = 0.762)

The person who cooks in our household does not know how to prepare freshwater fish 0.782
The person who cooks in our household does not know how to prepare saltwater fish 0.729
It is hard for the person who cooks in our household to bring him/herself to cook from fish 0.657
that (s)he does not know

Social risk (CR = 0.789, AVE = 0.565, CA = 0.787)
Other adults in my household do not like fish 0.582
One or more children in my household do not like fish 0.697
Resistance by other members of my household makes it hard to serve fish as often as I want 0.933

* CR = composite reliability, AVE = average variance extracted, CA = Cronbach’s alpha.

Table 5. Fornell-Larcker test of discriminant validity.

Functional =~ Psychological Consumption Physical Social

Risk Risk Frequency Risk Risk
Functional risk 0.724
Psychological risk 0.327 0.734
Consumption -0.179 -0.353 1.000
frequency
Physical risk 0.284 0.127 -0.005 0.711
Social risk 0.389 0.349 -0.157 0.214 0.751

Square roots of the average variance extracted (AVE) shown on diagonal (in bold).

Table 6. Heterotrait-monotrait (HTMT) criterion for discriminant validity.

Functional ~ Psychological Consumption Physical Social

Risk Risk Frequency Risk Risk
Functional risk
Psychological risk 0.330
Consumption 0179 0352
frequency
Physical risk 0.287 0.128 0.026
Social risk 0.390 0.345 0.152 0.215

Table 5 shows that the specific values of the square roots of the average variance extracted in
the constructs are in all cases higher than the correlation values in the same columns or rows [77],
whereas the values in Table 6 are remarkably lower than the 0.85 threshold [78], which means that
discriminant validity has been established.

204



Foods 2020, 9, 1284

3.3. Structural Model Assessment

Bootstrapping procedure has been used to test level of significance and t statistics. Our first
hypothesis (H1), the direct and negative relationship between the perception of physical risk
and consumption frequency was not confirmed by our model (f = 0.064, p = 0.070). Similarly,
the hypothesized direct and negative relationship between the perception of social risk and consumption
frequency (H2) could also not be verified ($ = —0.026, p = 0.465). The direct and negative effects of
unpleasant experiences as psychological risk on consumption frequency (H3) were verified ($ = —0.326,
p < 0.001), as was the perceived functional risk during cooking (H4) (p = —0.081, p = 0.043),
although Cohen’s f-square is very low. The hypothesized relationships between risks were also
confirmed in our research. Our results show a direct and positive relationship between functional risk
perceived during cooking and the psychological risk associated with negative past experiences (H5)
(B =0.327, p < 0.001), as well as between functional risk perceived during cooking and the perception
of social risk (H6) (f = 0.389, p < 0.001). Table 7 and Figure 3 summarize our results.

Table 7. Results for structural equation modelling.

Direct Indirect Total 2 A 5
Effect Effect Effect Cohen’s f T Statistics p Values  Supported?
Physical risk —
Consumption 3 =0.064 0.064 0.004 1.813 p =0.070 no
frequency
Social risk —
Consumption B =-0.026 -0.026 0.001 0.732 p=0.465 no
frequency
Psychological risk —
Consumption B =-0.326 —-0.326 0.102 9.868 p <0.001 yes
frequency
Functional risk —
Consumption p=-0081 p=-0117 -0.197 0.006 2.026 p=0.043 yes
frequency
Functional risk —
Psychological risk 3 =0.327 0.327 0.120 8.129 p <0.001 yes
Functional risk = 5 _ ) 359 0.389 0179 10,014 p < 0.001 yes

Social risk

Model fit: SRMR = 0.061, NFI = 0.856.

Consumption frequency

f=0.389""

Psychological risk

Figure 3. Results of structural equation modeling. 3 = standardized regression coefficient; * p < 0.05,
*** p < 0.001, ™% not significant.
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The values of R?, adjusted R? and Q? in Table 8 illustrate the explanatory power of the model.

Table 8. Coefficient determination (Rz), Adjusted R? and Q?

Construct R? Adjusted R2 Q?
Physical risk
Social risk 0.152 0.151 0.064
Psychological risk 0.107 0.106 0.043
Functional risk
Consumption frequency 0.133 0.130 0.102

The explanatory power of the model for consumption frequency is 13% (adjusted R? = 0.130),
which is low but acceptable see [71,79]. Stone-Geisser’s Q? values [74,80,81] are greater than
0, which means that each element of the endogenous constructs has predictive relevance.
(Psychological risk = 0.043, Consumption frequency = 0.102, Social risk = 0.064).

4. Discussion

The aim of this research was to explore perceived risks that hinder fish consumption and their
relative importance in Hungary, which has the lowest fish consumption in Europe. Our model is the
first one that applies detailed perceived risk categories to measure those effects on low fish consumption.
The structural equation model built to test the hypotheses did not support a direct and negative
effect of either physical or social risk on fish consumption. Interestingly and contrary to expectations,
perceived physical risk (perceived lack of hygiene, contamination, or spoiled fish) has a slight positive
relationship with fish consumption. This may be explained by higher levels of involvement with fish
and greater knowledge about fish among people who consume more fish. However, this awareness of
potential physical risk is managed and does not hinder their fish consumption.

We observed a direct and negative relationship between functional risk arising during preparing
fish and psychological risk associated with negative past experiences and frequency of consumption.
Based on our model, we did not find a direct effect of functional risk on frequency of consumption,
as Cohen’s f2 value is extremely low. However, indirectly, through negative past experiences,
functional risk has a significant negative effect on frequency of consumption. This is consistent with
the findings of Laureati et al. [28], who find cooking methods and choosing the right recipe to be of key
importance regarding young people’s acceptance of fish dishes.

Likewise, while functional risk increases perceptions of social risk, functional risk does not have
an indirect effect on the frequency of fish consumption through social risk. Thus it appears that in
effect, fish consumption in Hungary is not influenced by the fact whether others in the household like
fish dishes.

Our results indicate that the fish industry could benefit from targeted interventions that reduce
perceptions of functional risk. This would involve focusing on educating the person responsible for
preparing fish within households to improve their skills in preparing fish dishes, or semi-prepared
products, which can help boost their confidence and be more successful. This will likely lead to higher
levels of household consumption of fish leading to greater familiarity and acceptance of fish for meals,
thus mitigating social risk. Moreover, increased self-efficacy with fish preparation will likely lead to
better (sensory) experiences and thus reduce perceived psychological risk associated with fish.

5. Limitations and Further Research

Our study is the first to use perceived risks as background variables for structural equation
modeling to explain fish consumption frequency. The explanatory power of the model (R?) is small,
as we used the elements of perceived risk that only partially explain fish consumption and willingness
to purchase fish. Our findings are consistent with Siddique [36] who found the effect of perceived risk
on dry fish consumption to be 18%. In accordance with the aim of the research, further research will
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build broader models including other constructs explaining fish consuming behavior, such as habit,
or food neophobia. Further researches will focus not only on risks but other barriers and also drivers of
fish consumption will show better explanatory power when using new factors. This study focused on
Hungary based on concern about being the lowest fish consumption country within Europe and high
incidence of cardiovascular disease that would benefit from increased fish consumption. Future studies
could test the model in other countries with similarly low fish consumption and health issues.
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Abstract: This study analysed the perceptions about healthy eating as well as some emotional factors
conditioning eating behaviour in a sample of people from Portugal, Brazil and Argentina. This is a
descriptive cross-sectional study involving a non-probabilistic sample of 2501 participant. Data was
collected through a questionnaire applied to adult citizens residing in their respective countries. For
data analysis chi-square tests were used, and associations were evaluated by Cramer’s coefficients.
Moreover, a tree classification analysis was conducted for variables related with perceptions about
healthy eating and emotional conditioning of eating behaviour. The results revealed that participants’
perceptions are generally in agreement with healthy eating. However, significant differences were
found between countries (p = 0.018) and by levels of education (p < 0.0005), with a more accurate
perception for Portugal and at the university level. The existence of statistically significant associations
between all sociodemographic variables considered and the conditioning of eating behaviour by
emotional motivations should be noted. Tree classification analysis showed that the most important
discriminant sociodemographic variable for perceptions about healthy eating was education, followed
by professional area and country, while the most relevant discriminants for emotional conditioning of
eating behaviour were country and then living environment and sex. Thus, it is important to consider
these variables in initiatives that aim to promote adherence to behaviours that contribute to the health
and well-being of the population.

Keywords: perceptions; healthy eating; emotional motivations; individual differences

1. Introduction

Human behaviour regarding food is associated with a large number of interrelated factors [1],
including those of a psychological and social nature. This constitutes an inseparable act of human
survival and encompasses two functions, maintain the level of nutrients necessary for the body
and provide the pleasure that is derived from the act of eating through the release of serotonin
and dopamine [2]. Emotions are part of the evolution of the human species and, obviously, of the
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development of children, adolescents and adults, constituting a fundamental part of learning. Emotions
are adaptive because they prepare, predispose and guide behaviours towards positive or negative
experiences, besides behaviours of survival and reproduction [3].

Human beings need a varied diet so that it is balanced and healthy [4]. This is an object of
study that has been the target of an increasing number of investigations, since unhealthy eating
behaviour is an important risk factor for health and mortality [5]. In the literature, there is not a
consensus on organic farming being an important part of a healthful diet. Nevertheless, organic
farming’s importance is increasing in the dietary patterns of some citizens in the countries studied and
is considered important for the health of their population [6-8]. Some studies support the association
between organic farming and health, like for example Costa et al. [9] report that organic farming is safer
than conventional farming, because this last can cause DNA damage in people exposed to pesticides.
Additionally, organic food contains higher levels of nutrients and bioactive substances that improve
consumers’ health and wellness [10-13]. Organic diets have the benefit of exposing consumers to
considerably lower levels of chemicals, which can cause several human diseases like cancer, autism,
and infertility [14-19]. Data form pesticide residues’ monitoring clearly show that foods from organic
farming have lower levels of pesticide residues when compared with foods grown in conventional
farming systems [20,21].

Throughout the human developmental trajectory, all actions and thoughts are mediated by
emotions. For example, eating can be motivated by positive (e.g., happiness) and negative (e.g., anger,
depression) emotions, coupled with the desire to nourish [22]. Gibson [23] showed that negative
emotions and depression have an influence on food. Although the typical response to stress is to eat
less, some studies [24,25] have shown that eating more also appears in atypical depression.

A better understanding of the factors involved in food choices is essential to promote a healthy
change in dietary behaviour [26]. Lazarevich et al. [27] conducted a study where emotional nutrition
was identified as a mediating variable between depression and Body Mass Index (BMI) in young men
and women. Intervention proposals in adequate nutritional education must therefore bear in mind the
management of emotions and the detection of individuals vulnerable to depression and other emotional
risks. While there are several papers that relate obesity and other eating disorders with emotional
factors, we did not find any with the specificity of this investigation, conducted simultaneously on the
different countries involved in this study.

The present study is part of the project entitled “Psychosocial motivations associated with food
choices and practices” (EATMOT), which aims to analyse the different psychological and social
motivations that determine people’s eating patterns, whether in relation to their eating choices or
habits. It is essential to understand these factors if we intend to intervene in this area, either in terms of
health promotion or in terms of disease prevention or treatment. Some of the aspects to be explored
in the scope of this project include factors related to perceptions and eating habits, in areas such as
emotional aspects or cultural influences.

Although eating behaviour results from a lifelong learning process, this does not invalidate that
the subjects’ food preferences change over time and according to their experience and learning [4].
This reinforces the importance of understanding the influence of different types of variables, including
sociodemographic ones, on eating behaviour. Hence, the main objective of this study in particular was
to analyse the perceptions corresponding to healthy eating and emotional conditions linked to the
eating behaviour of people from three countries (Portugal, Argentina and Brazil). It was also analysed
to what extent aspects such as country of residence, age, sex, education level, living environment,
marital status, or area of study or work can influence the participants’ perceptions.
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2. Materials and Methods

2.1. Data Collection

The questionnaire used in this study was first validated for the Portuguese population [28-30]
and then applied in other countries, after translation and adaptation. The questionnaire was applied
in Brazil in Portuguese and translated into Spanish, following a back-translation methodology for
validation. For the translation process, all the issues related to the possible cultural influences in the
interpretation of the questions were verified. Moreover, in the case of Brazil, although speaking the
same language, some adaptations were made in order to better suit the Brazilian way of speaking the
Portuguese language.

In order to measure respondents’ perceptions about healthy eating and also about the emotional
factors conditioning eating behaviour, their opinion on a set of statements was asked using a 5-point
Likert scale, ranging from 1 = strongly disagree to 5 = strongly agree [31].

The questionnaire was applied, after informed consent, only to adults (18 years or older). All
participants were volunteers, and their answers were collected and treated as anonymous. All ethical
considerations were completely obeyed when designing the questionnaire and collecting the data,
which was kept strictly confidential in such a way that none of the responses could ever be associated
with the participant. The survey was approved by the Ethical Committee of Polytechnic Institute of
Viseu, with reference no 04/2017.

2.2. Data Analysis

The data collected through the descriptive and cross-sectional study were analysed statistically,
using the SPSS - Statistical Package for the Social Sciences from IBM - International Business Machines
Inc. (version 24, Armonk, Nova York, EUA). Descriptive statistics was used for exploratory data
analysis, and inferential statistics was also used, by means of the Chi-square test, to evaluate the
association between some sociodemographic variables and the perceptions under study. Cramer’s V
coefficient was used to assess the strength of the associations between the tested variables [32]. This
coefficient varies from 0 to 1 and can be interpreted as V = 0.1 —weak association, V ~ 0.3—moderate
association, V ~ 0.5 or over—strong association [33].

The responses obtained were transformed into new variables with two levels: value 1 (grouping
the responses of agree and strongly agree) and value 0 (grouping the responses of strongly disagree
and disagree). In the 1st case, that is, to measure respondents’ perceptions of healthy eating, the scale
defined was as follows: “correct perceptions” (1) and “incorrect perceptions” (0); in the 2nd case, that
is, to measure the emotional conditioning factors of eating behaviour, the scale was used: “conditioned”
(1) and “non-conditioned” (0) eating behaviour. Responses corresponding to “no opinion” (value 3 of
the scale) were not considered for this particular purpose.

The variables measuring the perceptions of healthy eating and emotional conditioning factors
were analysed by tree classification analysis in order to evaluate the relative importance of the different
sociodemographic variables. For this, a Classification and Regression Trees (CRT) algorithm with
cross-validation was used. The classification algorithm (CRT) bases the decision process on some
specified criteria, in this case defined according to the high numbers of responses. The minimum
change in improvement was 0.0004, and the minimum number of cases for parent nodes was 100 and
for child nodes was 50. These parameters allow the decision-making process (and this is why the
classification tree can also be termed as decision tree) which happens in any of the nodes. Therefore, a
parent node is a node that originates branches to other nodes, while a terminal node is that which
corresponds to a stopping point. The decision to stop is derived from one of these conditions: Either
the next improvement is lower that the threshold defined (0.0004), or the number of cases in the next
nodes is lower than 50 (defined as minimum for child nodes).

The level of significance considered in data analysis was 5% (p < 0.05).
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3. Results

3.1. Sample Characterization

Table 1 summarizes the sociodemographic data of the sample, that included elements from
Portugal (52.2%), Argentina (20.9%) and Brazil (26.6%). There were 2501 participants in the study,
of which 69.8% were female and 30.2% male, grouped by the following age groups: 43.3% of young
adults (18 < years < 30), 39.5% of adults (31 < years < 50), 14.5% of senior adults (51 < years < 65) and
2.6% of elderly (years > 66).

Table 1. Sociodemographic characterization of the sample (N = 2501).

Variable Groups % Variable Groups %
Young adults 434 Argentina 20.9
Acel Adults 39.5 Country Brazil 26.6
8¢ Senior adults 14.5 Portugal 525
Elderly 2.6 Rural 9.6
S Women 69.8 Living environment Urban 84.4

X Men 30.2 Suburban 6.0
Basic school 0.6 Nutrition 10.7

Education Secondary school 39.6 Food 5.1
University degree 59.8 Agriculture 22

Single 467 Area of study/work Sport 33

. Married 441 Psychology 2.6
Marital status Divorced 65 Health 198
Widowed 2.8 Others 56.4

! Young adults: 18 < years < 30, Adults: 31 < years < 50, Senior adults: 51 < years < 65, Elderly: years > 66.

Most participants (59.8%) had higher education, 39.6% had completed secondary school level of
education, and only 0.6% had the lowest level of education (basic school). Regarding marital status,
46.7% were single, 44.1% were married, 6.5% were divorced, and 2.8% were widowed. With regard
to the environment in which they live, 84.4% lived in urban areas, 9.6% in rural areas and 6.0% in a
suburban area.

The area of study or professional activity of the participants was also analysed, according to
previously defined categories. It was found that 56.4% were not related to any of the listed areas and
that the other respondents were distributed by the areas of health (19.8%), nutrition (10.7%), food
(5.1%), sport (3.3%), psychology (2.6%) and agriculture (2.2%).

3.2. Perceptions About Healthy Diet

The participants revealed, in general, a perception concordant with healthy eating, as can be seen
in Table 2. The high agreement of respondents in relation to some items, such as number 3 about the
importance of fruits and vegetables (25.1% agree, 73.1% strongly agree), number 4 about balanced
and varied diet (22.5% agree, 75.0% strongly agree), number 5 about not avoiding any foods (35.0%
agree, 24.7% strongly agree) or number 9 about the value of foods from organic farming (37.4% agree,
32.6% strongly agree), is highlighted. For these items, agreement is indicative of correct perceptions
about healthy diet. In the opposite way, the high disagreement with inverted items also stands out, i.e.,
disagreement with items that are indicative of wrong perceptions of healthy diet, such as numbers 2
(15.7% strongly disagree, 56.9% disagree) or 10 (13.3% strongly disagree, 50.7% disagree), respectively,
about totally avoiding sugary or fat foods. Regarding items such as numbers 1, 6 and 8, the participants
were very divided, with similar numbers for those who were for and those who were against aspects
such as the diets based on counting calories, the price of healthy foods or the value of tradition to
healthy dietary patterns.
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Table 2. Perceptions about healthy eating (Scale from 1 = strongly disagree to 5 = strongly agree).

Percentage of Answers according to Scale Points
1(%) 2 (%) 3 (%) 4 (%) 5 (%)

Perceptions about Healthy Eating

1. Healthy eating is based on counting calories 172 27.9 18.2 25.6 111
2. We should never consume sugary products 15.7 56.9 14.2 10.6 2.6
3. Fruits and vegetables are important for a healthy diet 0.6 0.2 11 25.1 73.1
4. A healthy diet must be balanced, varied and complete 0.6 0.2 1.8 22.5 75.0
5. We can eat everything as long as it is in small quantities 4.4 24.4 115 35.0 24.7
6. Ibelieve that a healthy diet is expensive 16.8 28.4 219 241 8.8
7. In my opinion it is strange that some people have cravings for sweets 317 50.7 12.4 4.0 12
8. [Ibelieve that tradition is very important for healthy eating 10.8 25.0 25.1 30.3 8.9
9. Ibelieve that food coming from organic farming is healthier 1.5 5.7 22.8 374 32.6
10.  We should never consume high fat foods 133 50.7 17.9 135 4.6

Considering the influence of the seven sociodemographic variables analysed (age, sex, education,
marital status, country, living environment and area of study/work) on the perceptions about healthy
eating, it was observed that only in two cases there were significant differences between groups,
i.e., there were statistically significant associations between perceptions and country of residence
and between perceptions and education level (Table 3). The results of the Chi-square test revealed
a statistically significant association between the perceptions of healthy eating and the country of
residence (p = 0.018). For this association, the analysis of the adjusted residues indicated that the
differences were in Portugal, with a more correct perception, and in Brazil, with a more incorrect
perception, with values of the adjusted residues positive and greater than two. Nevertheless, despite
being significant, this association is weak (V = 0.057).

Table 3. Perceptions about healthy eating according to country and level of education.

Perception

Chi-S; Test ¢ ici
Variable Correct Incorrect 1-Square les| Cramer’s Coefficient
(%) (%) r v
Country
Argentina 90.8 9.2
Brazil 89.7 103 0.018 0.057
Portugal 93.2 6.8
Education
Basic school 933 6.7
Secondary school 88.7 113 <0.0005 0.092
University degree 93.8 6.2

In the case of the variables, perception versus level of education (Table 3), the association was also
significant (p < 0.0005) and weak (V = 0.092). Participants with a university degree showed a more
correct perception about healthy eating than those with secondary school, according to the adjusted
residues. The results further show that the perceptions about healthy eating are high for participants
with the lowest level of education, basic school. This is a little surprising, and it might be due to
the fact that there was not a real representative number of people with the lowest level of education,
and this might be biasing the results. Hence, to confirm a possible trend of increasing education
being associated with better perceptions of healthy eating, further studies should be made with more
people from lower levels of education. Nevertheless, this is very difficult because the world trend,
as guidance form the United Nations, is to increase the levels of education in all countries, including
those under development.

The variable measuring the perceptions about healthy eating was submitted to a tree classification
analysis for assessment of the relative importance of the possible influential variables. Figure 1 presents
the tree obtained, and which highlights the relative importance of the sociodemographic variables to
define the perceptions of the participants about a healthy diet. The estimated risk for this tree was 0.082
(with standard error 0.005) for resubstitution, and equal values were also obtained for cross-validation.
The obtained tree (Figure 1) has 11 nodes, from which 6 are terminal.
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Perception about healthy eating

Node 0 (N = 2496)

Category %
Incorrect 8.2
Correct 918
|Education
‘ Primary, secondary sc. ‘ University degree

Node 1 (N=1004) Node 2 (N=1492)

Category % Category %
Incorrect 113 Incorrect 6.2
Correct 88.7 Correct 93.8

‘ Professional area

Country
Health, nutrition, food, )
psychology, sport ‘ ‘ Agriculture, others Brazil, Argentina Portugal

Node 3 (N=442) Node 4 (N = 562) Node 5 (N=749) Node 6 (N = 743)
Category % Category % Category % Category %
Incorrect 79 Incorrect 139 Incorrect 8.3 Incorrect 4.0
Correct 921 Correct 86.1 Correct 917 Correct 96.0
Age Country
% o Adults, senior - Srgerfinas Botbra
‘oung adults adults, elderly Brazil rgentina, Portugal
Node 7 (N = 376) Node 8 (N = 66} Node 9 (N = 80) Node 10 (N =482)
Category % Category % Category % Category %
Incorrect 6.4 Incorrect 16.7 Incorrect 21.2 Incorrect 12.7
Correct 93.6 Correct 833 Correct 78.8 Correct 87.3

Figure 1. Tree classification for the perceptions about healthy eating.

Initially, i.e., for the whole number of cases, only 8.2% of the participants had an incorrect
perception about healthy eating (Figure 1). The results indicated that the first discriminating variable
was education, separating the participants with a university degree from the other groups, being the
more educated participants those more informed about the principles of a healthy diet (only 6.2% with
incorrect perception). For the participants with a university degree, the next discriminant variable was
country, separating Portugal, with a lower percentage of incorrect perception, 4.0%, from the other
two countries. For the participants with primary and secondary school, the next discriminant variable
was professional area, separating people linked with health, nutrition, food, psychology or sport as
those with better perceptions (92.1% correct). For the participants with the selected professional areas,
the following discriminant was age, with young adults showing a more correct perception of healthy
eating (93.6% correct). For the participants with professions linked with agriculture or other areas,
country was the next discriminant, separating Brazil (78.8% correct) from the other two countries
(87.3% correct).

3.3. Emotional Factors Conditioning the Eating Behaviour

The results in Table 4 refer to the participants” eating behaviour according to some emotional
conditioning factors. For the effect of food on coping with stress (item no 1) the participants were
divided, i.e., some of them admit that food can help them deal with stress (28.8% agree, 7.1% strongly
agree) while for others food does not have that outcome (35.7% disagree, 8.8% strongly disagree).
However, a very expressive percentage of participants admit that food makes them feel good (item no
5: 60.7% agree, 16.7% strongly agree).
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Table 4. Emotional factors conditioning the eating behaviour (Scale from 1 = strongly disagree to
5 = strongly agree).

Percentage of Answers according to Scale Points

Emotional Factors Conditioning the Eating Behaviour

1(%) 2 (%) 3 (%) 4 (%) 5 (%)
1. Food helps me deal with stress 8.8 35.7 19.7 28.8 7.1
2. Tusually eat food that helps me control my weight 3.6 16.2 21.0 50.2 9.0
3. Iloften cons_ume products that keep me awake and alert (such as coffee, 29.0 334 11 19.8 68
cola, energy drinks)
fl. 1 f)fter\ consume Product?' that help me relax (such as, for example, 104 232 172 74 18
infusions of herbs with calming properties)
5. Food makes me feel good 14 43 17.0 60.7 16.7
6. When I feel alone, I comfort myself/take refuge in food 217 45.0 15.5 129 49
7. leat more when I have nothing to do 15.1 317 14.2 30.0 9.0
8. For me, food serves as an emotional consolation 222 40.9 16.6 15.2 5.2
9. When I'm depressed, I have more cravings for sweets 20.5 36.0 13.7 204 9.4

The results in Table 4 further show that most participants do not perceive food as emotional
consolation (item no 8: 40.9% disagree, 22.2% strongly disagree) and regarding the role of food as a
comfort for loneliness (item no 6: 45.0% disagree, 21.7% strongly disagree). For statement no 5, i.e., the
act of eating as something you do when you have nothing else to occupy your time, the participants
were divided, some were in favour (30.0% agree, 9.0% strongly agree), and others were against (31.7%
disagree, 15.1% strongly disagree). For an expressive majority of participants, food is seen as a way
to control weight (item no 2: 50.2% agree, 9.0% strongly agree), being this factor important for the
emotional well-being. On the other hand, when people feel depressed, they admit having more
cravings for sweets (item no 9: 36.0% agree, 20.5% strongly agree). Finally, the consumption of products
(essentially beverages) with exciting properties is not so evident (item no 3: 33.4% disagree, 29.0%
strongly disagree), but the ingestion of products with relaxing ability is more expressive (item no 4:
37.4% agree, 11.8% strongly agree).

The results in Table 5 demonstrate that the emotional factors influencing eating behaviour were
found significantly associated with all the sociodemographic variables considered (country, age, sex,
education level, living environment, marital status and area of study/work).

The results of the Chi-square (Table 5) revealed a statistically significant association between the
emotional drivers of eating behaviour and country (p < 0.0005). The analysis of the adjusted residues
indicated that the differences were for Portugal, with a lower influence when compared with Argentina
and Brazil, where these factors have a little higher influence on the eating behaviour. However,
this association is weak (V = 0.166). Regarding the level of education, the chi-square revealed that
there were also significant differences between groups (p = 0.006), showing that those with secondary
education were more conditioned on their eating behaviour by emotional factors, while the participants
with a university degree showed the lowest impact of emotional factors. This association was, however,
very weak (V = 0.064).

In relation to age (Table 5), the chi-square was equally significant (p < 0.0005), with young adults
revealing eating behaviour a little more conditioned by emotional motivations while senior adults and
the elderly were those who showed the lowest influence of emotional factors on their eating behaviours
(weak association: V = 0.156). As for gender differences (p < 0.0005), analysis of the adjusted residues
indicated that women were more susceptible to emotional conditioning of their eating behaviour as
compared with men, although the association was weak (V = 0.146). Regarding living environment or
marital status, the chi-square results also revealed statistically significant differences (p < 0.0005 in
both cases). The adjusted residues confirmed that for those who lived in urban areas the emotional
conditionings were considerably less expressive than for people living in suburban areas, but the
association was weak (V = 0.116). In the case of widowed participants, the lowest level of influence of
emotional factors on eating behaviour was observed, while the single revealed the highest level of
influence. Still, the association was weak (V = 0.160). With regard to the area of studies or professional
activity, there was also statistically significant differences (p < 0.0005), being the participants with work
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or studies in the field of psychology those who have eating behaviour more conditioned by emotional
aspects (weak association: V = 0.154).

Table 5. Emotional conditionings of eating behaviour according to sociodemographic variables.

Eating Habits Chi-S T
. i-Square Test C ’s Coefficient
Variable Conditioned Not Conditioned q ramer's Soetlicien
(%) (%) y \%
Country
Argentina 33.2 66.8
Brazil 364 63.6 <0.0005 0-166
Portugal 20.4 79.6
Education
Basic school 26.7 73.3
Secondary school 30.8 69.2 0.006 0.064
University degree 25.0 75.0
Agel!
Young adults 34.0 66.0
Adults 25.3 74.7 <0.0005 0.156
Senior adults 15.2 84.8
Elderly 125 87.5
Sex
Women 31.6 68.4 <0.0005 0.146
Men 174 82.6
Marital status
Single 34.1 65.9
Married 21.0 79.0 <0.0005 0.160
Divorced 30.4 69.6
Widowed 7.2 92.8
Living environment
Rural 37.7 62.3
Urban 251 74.9 <0.0005 0-116
Suburban 41.6 58.4
Area of study/work
Nutrition 37.6 62.4
Food 37.8 62.2
Agriculture 20.4 79.6
Sport 26.8 732 <0.0005 0.154
Psychology 46.2 53.8
Health 322 67.8
Others 22.1 77.9

! Young adults: 18 < years < 30, Adults: 31 < years < 50, Senior adults: 51 < years < 65, Elderly: years > 66.

Moreover, the variable measuring the emotional conditioning of eating behaviour was submitted
to a tree classification analysis and the obtained results are shown in Figure 2. The estimated risk
for this tree was 0.273 (with standard error 0.009) for resubstitution and 0.281 (with standard error
0.009) for cross-validation. The obtained tree has 18 nodes, being 9 of them terminal. The results
showed that for the whole number of cases (node 0) 72.7% of participants have eating behaviours not
conditioned by emotional factors. For this variable, the first discriminant was country, separating
Portugal (79.6% not conditioned) from Brazil and Argentina. While for Portugal the next discriminant
was living environment (Urban: 15.1% conditioned), for the other countries the next discriminant was
sex (women more conditioned by emotional factors than men: 39.1% and 24.0%, respectively). For the
women in Brazil and Argentina with professions or studies related to food, nutrition or agriculture,
education was the following discriminant, separating those with a university degree as being less
susceptible to condition their eating behaviours in function of emotional aspects (31.1% conditioned
against 45.1% for those with less education). For participants from Portugal living in urban areas, the
next discriminant was marital status, separating the single and divorced as being more conditioned
(25.0) than the married or widowed (9.1%). For these groups of single and divorced people, the
next discriminant was professional area, with participants linked with food, health, nutrition and
psychology showing more conditioned eating habits (35.2%).
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Emotional conditioning of eating behaviour

Node 0 (N = 2483)

Category %
[Portugat } Brazil, Argentina
Node 1 (N = 1309) Node 2 (N = 2483)

Category %
T

Living environment

Category %

Lo e | s0]

[Gonres | 50]

Rural, suburban [ | wen

Node 3 (N = 1004) Node 4 (N = 305) Node 5 (N=857) Node 6 (N=317)

Category % T % T
Not conditioned |  84.9 Not conditioned | 62.3 m
[ conditioned [ 154 | [ conditioned | 37.7 |
Marital status Sex Professional area
Single, divorced Married, widowed Women Men Z:D:'S psychology, ::::éi::val;l;ﬁcmmm
Node 7 (N = 380) Node 8 (N=624) Node 9 (N =234) Node 10 (N =71) Node 11 (N=371) Node 12 (N = 486)

Category % [l Category % |l Category % [l Category % Category % Category %
750 | | Not conditioned | 90.9 | | Not conditioned | 57.5 | | Not conditioned | 77.5 Not conditioned | 64.8
[Conditioned__| 250 | [conditioned | 9.1 | |‘conditioned | 423 | [Conditioned | 225| | Conditioned | 352

Country Education

Professional area

Food, health Sport, agriculture, Brazil Argentina Primary, University
nutrition, psychology others secondary sc. degree
Node 13 (N=122) Node 14 (N =258) Node 15 (N =197) Node 16 (N =174) Node 17 (N =164) Node 18 (N =322)
i o [l ctegory % Category % [ Cotegory %
Not conditioned | 64.8 Not conditioned | 79.8 Not conditioned | 49.7 | | Not conditioned | 64.4 | | Not conditioned | 54.9 | | Not conditioned | 689
[ conditioned | 352| | conditioned | 202 | [(conditioned | 503 | ['conditioned | 356 | [ conditioned | 45.1 | | Conditioned | 311

Figure 2. Tree classification for the emotional conditionings of eating behaviour.
4. Discussion

The results revealed that the participants’ perceptions about healthy eating were, in general,
correct. Significant differences were found by country and level of education, with adult citizens
residing in Portugal and those with higher education showing a more correct perception of what
healthy eating should be. These results are in line with those of the study by Ferrao et al. [30].
They are also consistent with the results of Lé et al. [34] who showed an association between a high
educational level and adherence to a healthy diet. High agreement regarding the importance of
fruits and vegetables in the diet as well as of a varied and balanced diet or disagreement as to the
avoidance of sugary or fatty foods in the three countries was observed. This generalized opinion can
be explained by the European influence shared by these countries, despite the cultural specificities of
each one, and the well spread information about the health benefits of fruits and vegetables [35,36]
while fats, particularly saturated fat, and sugars may contribute for important health morbidities
like diabetes, heart diseases and obesity [37-39]. In relation to the differences between countries in
particular, the more correct perception of what is the healthy diet in Portugal may be associated with
the Mediterranean diet [40] that characterizes the gastronomic tradition of Portugal, in contrast to
Brazil and Argentina. There is not one global definition of healthy diet; however, as discussed earlier,
there are worldwide recommendations and recognition of some unhealthy foods, which leaves some
space for country differences. The correct perception of healthy eating, associated with a greater
nutritional knowledge, is recognized as an important factor in the promotion of adequate eating
behaviours, as some scientific evidence suggests [41,42]. This emphasizes the relevance of training
aimed at increasing food literacy, with a view to better stimulate suitable food choices in the general
population. For this purpose, additional studies must be carried out in order to better understand how
information should be provided in each of the participating countries. It is suggested that the results of
this work be discussed among health professionals (including those linked with psychology) to analyse
the best way of action according to the specificities of each country regarding health policies, health
care systems, educational systems and their coordination towards a common objective. This must be
done separately in each of the countries, given their social, cultural and political differences. These
differences should be communicated to the proper organisms to include them in education campaigns,
designed in the different countries according to their specificity. Regarding the emotional factors
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conditioning eating behaviour, the need for emotional management is transversal to the different
cultures. Therefore, the organizers of health-promoting initiatives in each of these countries should
organize dynamic and interactive sessions, in which participants have the opportunity to exchange
their own experiences and recognize the association between emotions and eating behaviours, as well
as the importance of an adequate emotional eating management, in order to develop emotional skills
to achieve a healthier diet. More specifically, some authors [25,27,43] highlight the application of 3rd
Generation Therapies to regulate emotions as a means of balancing dietary changes. The most referred
techniques are cognitive-behavioural psychotherapies, mindfulness and acceptance and commitment,
as they are those that have the greatest impact and that present the best results.

In this study, statistically significant associations were found between the emotional motivations
for eating behaviour and all sociodemographic variables (country, living environment, age, sex,
educational level, marital status and area of study/work). In the investigation by Chambers et al. [44],
the results revealed that different emotional motivations are related to food, namely, eating to relieve
stress, weight control, emotional comfort and eating sweets to relieve depressive states. The same
authors state that food choices and their quantity and quality vary according to the individual’s
particular characteristics and according to a specific emotional status. However, Ashurst et al. [45]
mention that, despite the importance of affective processes in eating behaviour, it is still difficult to
predict how emotions affect the act of eating. They highlight the importance of individual differences
and emphasize that previous research did not focus much on the overlapped variability of changes
in eating behaviour induced by emotions, justified, on one hand, by the differences between the
individuals and, on the other hand, by their emotions according to a particular moment or experience.

Our results showed that food can serve as emotional consolation, help deal with stress and fight
loneliness or boredom. In an investigation carried out with university students, Bennett et al. [46]
found that food is often used as a way to distract attention from negative emotions. According to
Boggiano [47], eating behaviour that deals with negative emotions is called “emotional eating” and
individuals with emotional eating behaviour eat for reasons other than physiological needs. These
individuals generally continue to eat to achieve the balance of the homeostatic shift of energy in a
positive direction, especially in case of emotional situations.

Bennett et al. [46] found that when participants reported negative emotions, they were more likely
to consume meat/proteins and sweets. However, our results are not so conclusive on this, because
only a small percentage of participants assumed that when they felt depressed their cravings for
sweets increased.

Young adults, women, residents in Brazil or Argentina, those who live in rural areas, those who
are single or divorced, those who have secondary education, or whose area of study or work is related
with nutrition, psychology, food or health are the ones that evidence a higher degree of conditioning in
their eating behaviour according to emotional aspects. These results are, to some extent, in line with
those of the research by Bartkiene et al. [48], which indicated that age, education level and sex are
associated with emotional motivations for eating. The works by Bennett et al. [46] and Guiné et al. [49]
also reported gender differences in the emotional factors driving eating behaviour.

Significant differences were found in the perceptions about healthy eating for countries and
education levels, with more correct perceptions for people from Portugal and with a university degree.
A plausible explanation for these differences has to do with the gastronomic tradition of each country,
with emphasis on the prevalence of the Mediterranean diet in Portugal, as discussed earlier, considered
one of the healthiest [50]. Regarding the educational level, attending higher education drives the
students to a constant search for new information and development of the critical thinking, and this
allows greater awareness also about the benefits of healthy eating and the constant need to search for
more correct information about food and its effects [51,52].

Other variables, like area of study/work, living environment or marital status, showed also
differences in the way emotional aspects influence eating behaviour. It has been referred that different
social statuses are linked to different behaviours on several aspects and also linked with food and
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eating habits. The cultural context proved to be a determining factor in the selection of the type of
food consumed and quantities ingested, which is in line with the investigation by Castro et al. [53]
who compared the eating behaviours of French, American and German university students and found
that there were marked differences between these cultures in terms of quantity, composition, diurnal
rhythm and pattern of food intake between the different cultures.

According to literature, a more personalized analysis is required in the design of proposals that
aim to promote adherence to healthy eating behaviours [48]. Decision-makers and professionals
responsible for organizing health-promoting initiatives should therefore seek to increase citizens’ food
literacy levels and address the diversity of individual variables, such as sex, age, education level,
living environment and culture of origin, in the design of training proposals, in order to undertake
more effective actions in adhering to behaviours that contribute to the health and well-being of
the population.

5. Conclusions and Limitations

The results of this study indicated that, in general, the participants’ perceptions about healthy
eating are in line with the preconized principles of a healthy diet, particularly regarding the importance
of consuming fruits and vegetables, of practicing a balanced, varied and complete diet, and of
consuming foods from organic farming. Significant differences were found in the perceptions about
healthy eating for countries and education levels, with more correct perceptions for people from
Portugal and with a university degree.

Concerning the emotional factors and the way they influence eating patterns, a low level of
influence was found, particularly in aspects related with the role of food as consolation or as a way to
deal with stress. The emotional conditionings of eating behaviour were found to significantly vary
according to all sociodemographic variables tested.

Tree classification analysis revealed that the most important discriminant for perceptions about
healthy eating was education, followed by professional area and country, while the most relevant
discriminants for emotional conditioning of eating behaviour were country followed by living
environment and sex.

One of the limitations of this study derives from the fact that it covers a sample that, although
vast, is not probabilistic, therefore does not give sufficient guarantees to be representative of the entire
population. Additionally, derived from being a convenience sample, the representativeness of all
groups was not even, as for example for sex or education levels. Therefore, these results must be
understood as exploratory and further studies should be undertaken for proper generalization of
the results. Another limitation has to do with the fact that the questionnaire was only validated for
Portugal, despite having the collaboration of researchers from the other countries involved in the work
of translation and adaptation to the cultural context.
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Abstract: The aim of this study was to compare the sensory quality and acceptance of dried
ready-to-eat beetroot snacks as a result of different drying methods applied: supercritical CO,-drying
(scCO,-drying), frying, and freeze-drying. Descriptive sensory analysis, quality rating (10 assessors),
and consumer acceptance testing (n = 102) were performed. Mean overall quality scores within the
range of “very good” quality were found only in non-precooked scCO,-dried samples which were
characterized by typical magenta color, low level of shape and surface deformations, pronounced
brittleness and crispiness, and good rehydration during mastication. The other samples were in
the range of “good” quality. The pre-cooking step before scCO,-drying negatively influenced the
sensory quality parameters, particularly appearance. Around 60% of tested consumers showed a
preference for the fried and non-precooked scCO,-dried samples. The drivers of liking were mostly
related to the characteristics of the product, which was salted, fried, and crispy, with an oily and
overburnt flavor, i.e., the product most similar to commercial potato chips products. Freeze-drying
had a negative effect primarily on appearance and flavor. According to the sensory evaluation
conducted, direct scCO,-drying without a pre-cooking step showed itself as a promising alternative
drying technology in the production of dried beetroot snacks.

Keywords: supercritical CO,-drying; beetroot snacks; preference mapping; mean drop analysis

1. Introduction

Drying of biological material is a controlled effort to preserve the structure or create a new
one that serves for functional purposes [1]. The main technological objectives of food drying are [2]:
preservation; reduction in weight and volume; transport and storage facilitation; and achieving a
desirable sensory profile of different flavors, chewiness, crispiness, firmness, etc.

The food product’s microstructure is often negatively affected by the movement and ultimate
loss of water during the drying process which influences physical properties, nutritional availability,
and also chemical and microbiological stability [3,4]. Consumers nowadays demand high-quality,
nutritious, fresh, convenient, additive-free, safe food products with a natural flavor and taste, and an
extended shelf-life [5-7]. To achieve dehydrated fruit or vegetable commodities of high quality at a
reasonable cost, in the sense of minimizing the loss of volatiles, loss of flavors, changes in texture,
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changes in color, and also a decrease in nutritional value [5], dehydration must occur fairly rapidly [8].
Enhancing drying rates has been a major challenge for food engineers [1]. Air-drying, which is still
the most commonly used drying operation in the food industry [3,5,9], can bring many reconstituted
products, such as powdered milk or dry pasta, with sensory profiles very similar to the original
material. Further, certain air-dried commodities such as grains and legumes show desirable textural
characteristics after cooking due to high rehydration capability, but the structure of most fruits and
vegetables is usually negatively affected during air-drying resulting in poor reconstitution properties
when compared to their fresh state [1]. Structural changes are important since food texture, as a complex
sensory attribute which can be perceived and described only by human beings, is directly influenced
by the structure of food, i.e., it derives from the structure (molecular, microscopic, or macroscopic)
of food [10]. A decrease in the sensory quality [5] influenced by application of higher temperatures
during air-drying (typically 65-85 °C) is most often reflected in the small volume, great shrinkage,
high density, low porosity, and increased hardness of the dried product [4,11]. Heat can also affect the
color of the dried commodity. As a part of the cellular structure, betalains are the main red pigments
in beetroot. These compounds are very sensitive to heat, light, and oxygen, and therefore air-drying
triggers the oxidation of betalains in beetroot due to prolonged exposure to higher temperatures [12].

Although primarily considered as a thermal preservation technique, according to Oreopoulou
et al. [13], frying can be defined as a process of cooking and drying through contact with hot oil.
Its preservative effect is reflected through both thermal destruction of microorganisms and enzymes
and a reduction in water activity at the surface or throughout the product. Food products that are fully
dried during the frying process, such as potato chips or other extruded snacks, have a shelf-life up to
several months, which is usually limited by quality deterioration of the absorbed oil and development
of a rancid odor and flavor. During food frying, heat is transferred by convection from the surrounding
oil to the surface of the food and by conduction within the solid food. Mass transfer is reflected
through the vaporization of water from the surface of the product and on the other side through
the penetration of oil into the food. Along with water removal, the surface of the product becomes
more and more dry causing the formation of a crust. Considering the process temperature and time,
in general, the lower the temperature and the longer the process time, the slower the cooking rate of the
product, the firmer the crust and texture, and the higher the oil content absorbed by the product [13].
The unique texture—flavor combination of fried snack foods makes them highly appreciated within
different categories of consumers.

Freeze-drying is considered as a superior drying method for many fruits and vegetables and the
best solution for food drying in general, which can deliver dried products of high commercial value
with good sensory quality and a high level of nutrients retention [8,14]. Since the process implies a
direct transition from solid to gaseous state without melting and without exposing the product to high
temperatures, the structure of the product remains porous which facilitates rapid product rehydration,
structural changes and shrinkage are largely avoided, movement of the soluble solids is minimized,
thermal damage is minimized, and flavor, color, and appearance are highly preserved [8,15]. On the
other side, freeze-drying is a highly energy-consuming technology with high capital costs which
limits its industrial application to high added value products such as baby foods, instant products
(coffee, soups), exotic fruits and vegetables, or mushrooms [16].

Application of supercritical fluids (SCFs) as extraction solvents in the food industry dates back to
the mid-20th century [9,17]. Being at a temperature and pressure above the critical point, SCFs have
the special combination of liquid-like solvating properties and density, and gas-like diffusivity and
viscosity which makes them excellent solvents [18], while the fluid can be recovered and reused.
Carbon dioxide is the most intensively used agent in supercritical processes applied to food [19].
CO; is nontoxic, non-carcinogenic, non-flammable, odorless, colorless, and thermodynamically
stable, with the possibility of adjusting its thermophysical properties, such as viscosity, diffusivity,
density, or dielectric constant, by varying the temperature and/or pressure [18], and its usage in food
industry is approved without declaration [19]. The removal of water during supercritical CO,-drying
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is not based on sublimation or vaporization, but on dissolving water in the scCO, [9]. Due to these
gas-liquid properties of scCO,, the structure of the dried material remains preserved to a high extent.
Problems that occur with conventional air-drying processes, in which the solid structure can collapse
due to surface tension effects at the vapor-liquid interfaces, are absent in the case of scCO,-drying [3,17].
Further on, due to the low critical parameters of CO, (304.1 K, 7.38 MPa) [20], the drying process can
be conducted at relatively low temperatures (e.g., 40 °C). The main drawback is the relatively low
solubility of water in scCO, (2.5 mg/g at 40 °C, 20 MPa) [3,21]. The drying conditions are most often
reflected in the application of scCO, under pressure within the range of 10 to 14 MPa and temperature
between 40 and 60 °C with the fluid flow rate of 80-220 kg/h [22-24]. The drying time that must
be ensured, in order to achieve an appropriate level of dehydration of a plant material under these
conditions, ranges from 6 to 16 h [24]. According to the findings of Zambon et al. [24], the most
influential process variable in reaching an appropriate level of water activity is temperature, as it acts
directly on the water solubility in scCO,. The pressure significantly influences the drying efficiency
only at lower temperatures and a longer drying time [24]. For the purpose of commercial drying, scCO,
is widely used for the drying of gels [25] and also there are studies that reported its practical application
for the preservation of decellularized esophageal scaffolds [26]. Application of scCO; in food drying is
still limited to few products at the small pilot scale [22,24,27-29] and additional studies are still needed
for scCO,-drying technology to be developed at industrial scale. The pilot scale scCO,-drying unit
used in this study still has a low technology readiness level and requires further work in order to reach
industrial application [30], first of all to validate its effectiveness in various working regimes [31].

Previous studies reported that the application of scCO, showed a potent antimicrobial effect
against both bacteria and fungi [32-34] which allows scCO;-drying to be used as a promising “green”
technology than can combine drying and pasteurization in one single step. On the other side,
recent studies showed that scCO,-drying can bring and retain, for at least six months, dried apple
slices with similar sensory quality and consumer acceptance levels as obtained by freeze-drying, in the
case of using non-permeable materials and an inert atmosphere for packing the products [22,23].

The aim of this study was to investigate the effects of the supercritical CO, drying method,
as compared to the freeze-drying and frying techniques, on the sensory quality and acceptance of dried
beetroot cuts intended to be eaten as ready-to-eat snacks.

2. Materials and Methods

2.1. Dried Beetroot Samples

Fresh red beetroot (Beta vulgaris) was purchased at a local market in the Netherlands
(Kruythof aardappelhandel, 3291 CN Strijen, The Netherlands). After thorough washing, beetroot was
sliced without removing the skin into flat or “wavy” circular cuts of relatively similar size (around 3 mm
in thickness). Three different drying methods were applied: supercritical drying using CO,
(scCO,-drying), freeze-drying, and frying. ScCO,-drying was performed in a patented equipment [35]
under a pressure of 10.0 MPa at 40 °C for 14 h. ScCO;-drying was combined with a pre-cooking
step, and also two types of cutting were applied to obtain flat and wavy beetroot discs, in which way
three experimental scCO,-dried samples were obtained: scCO,-dried-Flat (not pre-cooked; raw sliced,
flat cuts); scCO,-dried-LT (not pre-cooked; raw sliced, wavy cuts); and scCO,-dried-HT (pre-cooked in
boiling water and sliced; wavy cuts). “Wavy” shape was introduced in order to examine the influence
of this type of appearance on consumer acceptance. Freeze-drying of flat raw beetroot cuts was
performed in a 20-L freeze-dryer SuperModulyo (Thermo Scientific, Waltham, MA, USA) within
48 h. The pressure during sublimation was kept at 20 Pa and during desorption at 5 Pa, while the
temperature of —25 °C during sublimation was gradually increased up to 40 °C during desorption.
Deep fat frying of flat beetroot cuts was done in boiling vegetable oil at 160 °C for 3.5 min (raw beetroot
cuts were first salted with around 25 g of salt per 1 kg of beetroot and then fried). Water activity of
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the dried samples was 0.32 + 0.02. Appearance of the beetroot samples used in the study is shown in
Figure 1.

upper side

bottom side
Freeze-dried Fried

s¢CO,-dried-Flat s¢CO,-dried-HT s¢CO,-dried-LT

Figure 1. Images of the dried beetroot samples used in this study. Supercritical CO,-dried-HT sample
was cooked in boiling water before drying, the rest were subjected to the drying processes in a raw state.
The upper and bottom sides of a beetroot chip substantially differed from each other in appearance
only in the case of freeze-dried samples.

After drying, the samples (100-200 g) were packed under 100% N, in aluminum-polyethylene
(Alu-PE) pouches (thickness: 98 um, aluminum layer: 8 um; Goglio S.p.A, Milan, Italy) and placed
in the dark at ambient temperature (<22 °C). All of the beetroot samples were produced within two
separate batches (two replications). The samples were evaluated between the third and fourth week
upon packing.

2.2. Sensory Analysis

The sensory tests were conducted in the sensory testing laboratory at the University of Belgrade.
Testing conditions such as sample serving procedures, instructions to panelists, palate cleansing,
and training sessions are described in Tomic et al. (2019) [22]. In short, random 3-digit numbers
were used for the sample-coding, the panelists used low-sodium mineral water for palate cleansing,
no strict instructions were given to the panelists regarding the swallowing/expectorating of individual
bites, additional beetroot samples were kept in closed glass jars for the purpose of orthonasal
olfaction during evaluation. Environmental conditions during testing were in accordance with ISO
8589:2007 (Sensory analysis—General guidance for the design of test rooms) and ISO 11136:2014
(Sensory analysis—Methodology—General guidance for conducting hedonic tests with consumers in a
controlled area). The trained panelists who participated in descriptive analysis and quality judging
were of good general health, of normal range for BMI of 18-25 kg/mz, with no dental wearers and
reported dental problems, which is in line with the recommendations of Forde et al. [36]. For this
particular reason, the descriptive/objective quality sensory panel had six 2-h additional training sessions
in total prior to the analyses. These calibration trainings were performed using different types of dried
commodities (bell pepper, apple, and beetroot). Considering consumer sensory testing, all volunteers
gave verbal consent that they were of good general health with no dental issues before conducting
the test.
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2.2.1. Descriptive Sensory Testing

Descriptive sensory testing was performed by a 10-university members sensory panel (4 men and
6 women) experienced in fruits and vegetables quality judging.

The testing was done in two replications by assessing the intensity of 20 sensory attributes
using 15 cm line-scales with verbal anchors at both ends. Since there were no reference standards,
the assessors were using the scales in their own way by comparing the samples to each other [37,38].
The list of the attributes with terminal verbal anchors is shown in Table 1. A Latin square design was
used in the samples’ presentation scheme.

Table 1. The list of sensory properties and descriptors used in the descriptive sensory evaluation of
dried beetroot samples.

Attribute Definition Anchors
APPEARANCE
Flesh color intensity The intensity or color strength of the flesh. light-dark
Surface deformation Presence of furrows, cracks, or holes on the flesh surface. none-lots of
Degree of shape deformation ~ Deformation of the shape in relation to the flat disc (distortion, bending). none-much

ODOR (orthonasal olfaction)

Overall odor intensity The intensity of the overall odor of the product. none-intensive
Beetroot odor The intensity of the beetroot-like odor. none-intensive
Hay-like odor The intensity of the hay-like and dried vegetables-like odor. none-intensive
Musty odor ! The intensity of odor associated with a damp cellar, or stale vegetables. none-intensive

Oil odor The intensity of the fried vegetable oil odor. none-intensive
Nasal pungency The intensity of nasal pungent and sourish feelings. none-intensive
FLAVOR
Opverall flavor intensity The intensity of the overall flavor of the product. none-intensive
Beetroot flavor The intensity of the beetroot-like flavor. none-intensive
Sweetness The taste stimulated by sugars. none-intensive
Overburnt/Grime flavor The intensity of the overburnt, grime-like flavor. none-intensive
Bitterness The taste stimulated by chemical substances such as caffeine or quinine. none-intensive
TEXTURE

Degree to which the surface is uneven, related to the amount of

Flesh surface roughness . . . .
irregularity, bumps, grains, or protrusions present on the surface.

smooth-rough

Hardness The force required to bite through the dried beetroot disc. soft-hard
Cohesiveness Amount of product that deforms rather than breaks during chewing. breaks-deforms
Denseness ! Cross-section compactness. airy-dense/compact

Crispiness The force and noise with which the beetroot slice breaks during chewing.  not crispy-very crispy
Adhesiveness Degree to which mass sticks to the teeth. not sticky-very sticky

1 These attributes were excluded from further multivariate statistical analysis because 3-way ANOVA showed they
did not significantly discriminate (p < 0.05) among the tested samples.

2.2.2. Sensory Quality Rating

Sensory quality rating was also done in two replications by the same assessors used in the
descriptive analysis.

The evaluation was conducted using a 5-level quality scoring system described in Djekic et al. (2018) [23]
supported by the internal laboratory guidelines for fruits and vegetables quality judging. By dividing each
of the five integer quality scores into quarters, the 0-5 score range was transformed into a 20-responses
category scale. Four groups of sensory attributes were evaluated in order to assess overall sensory
quality: appearance, flavor, texture, and odor. In order to distinguish the selected sensory attributes
according to their impact on overall quality, each attribute was assigned an appropriate correction
factor (Cl—coefficient of importance): 2, 8, 6, and 2, respectively. Overall sensory quality score was
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calculated by multiplying individual scores with appropriate CIs and by dividing the sum of the
obtained corrected scores by the sum of CIs.

2.2.3. Consumer Sensory Testing

Consumer acceptance tests were performed by 103 students from the university (102 responses in
total were further processed: 43 males and 59 females). Students between the ages of 19 and 25 were
randomly selected and were chosen if they were relatively frequent consumers (more than two times
per month) of dried fruits/vegetables (regardless of direct consumption of the products as snacks or
through other food products and meals such as cereal breakfasts/bars).

A 9-point hedonic scale [39,40] was used to evaluate overall acceptance, appearance acceptance,
as well as flavor acceptance. Further on, just-about-right (JAR) scales of 9 points (1 = too little, 5 = JAR,

i

9 = too much) [41] were used to assess the samples for accepted intensities of “hardness”, “chewiness”,

s o

“crispiness”, “color”, “saltiness”, and “bitterness” (only “too much” part of the scale).
2.3. Statistical Analysis

2.3.1. Descriptive Data and PREFMAP

The significance of the multivariate effect for samples was tested by multivariate analysis of
variance (MANOVA) with “samples” as the fixed factor. After that, three-way ANOVA (followed by
Tukey’s HSD test) was conducted in order to identify those characteristics that significantly discriminate
among the tested products (“samples” = fixed factor; “assessors” and “replications” = random
factors). Original descriptive data were first standardized for each assessor before applying both
MANOVA and ANOVA. As a result, two sensory characteristics (“musty odor” and “denseness”) were
excluded from subsequent dimensional reduction analysis (Table 1) since they did not significantly
discriminate (p < 0.05) among the samples. Original descriptive data for the attributes that remained
after removing the two, divided into personal data matrices, were subjected to generalized Procrustes
analysis (GPA). Then, principal component analysis (PCA) was applied to the obtained consensus data.
External preference mapping (PREFMAP) [42] was done by applying linear multiple regression analysis
in which the extracted PC space was regressed against the overall hedonic data. K-means cluster
analysis was used to segment the obtained regression coefficients.

2.3.2. Quality Data

Three-way ANOVA was applied on raw quality data (“samples” = fixed factor; “assessors” and
“replications” = random factors) together with Tukey’s HSD post hoc test.

2.3.3. Consumer Data

In order to examine the differences both between the consumer clusters obtained by K-means
cluster analysis in PREFMAP (within the samples) and between the samples within the clusters,
raw hedonic data were subjected to ANOVA (“samples” = fixed factor).

One-way ANOVA was also performed in order to test for gender differences in hedonic scores.

Mean drop analysis was done as described by Schraidt (2009) [43]. In brief, for each sensory
attribute evaluated by using the appropriate JAR scale, the tested consumers were first grouped into
three categories according to their JAR scores: 1, 2, and 3 = “below JAR (i.e., too little of an attribute)”;
4,5,and 6 = “at JAR”; and 7, 8, and 9 = “above JAR (i.e., too much of an attribute)”. The mean overall
hedonic scores were calculated for each category and then the mean drops were obtained by subtracting
the mean hedonic score of each non-JAR category from the mean of the JAR category. Statistical
significance of the mean drops was tested by applying ANOVA and Tukey’s HSD test. The cutoff was
set at 20% of the total number of respondents.
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2.3.4. Software

The statistical analyses were performed using both Idiogrid software version 2.4/2008
(Oklahoma State University, Stillwater, OK, USA) [44] (GPA, PCA) and SPSS Statistics 17.0
(IBM, Armonk, NY, USA) (MANOVA, ANOVA, PCA), at a 0.05 level of statistical significance.

3. Results and Discussion

3.1. PREFMAP

Generalized Procrustes analysis of the descriptive data showed strong agreement among the
assessors and replications (consensus proportion = 0.94; p < 0.05) with relatively small differences in
overall variability of the individual data matrices (isotropic scaling values ranged from 0.72 to 1.44
which are relatively close to 1) [45]. Upon PCA of the consensus data matrix, 18 original variables fit
into the new four-dimensional PC space. The Kaiser criterion [46] was used for making a decision on
the number of PCs that should be retained for the overall variability explanation (6.9, 4.0, 4.0, and 3.1,
PC-1 to PC-4, respectively).

Figure 2 shows the PC space of the first four principal components extracted. The freeze-dried
beetroot sample was characterized by the presence of various relatively large holes and cracks on
the upper surface of the cuts (the side which was free during the drying), highly pronounced flesh
surface roughness, pronounced beetroot and hay-like odor, pronounced cohesiveness, and lower
level of crispiness. Surface deformation and flash surface roughness were the most pronounced in
the freeze-dried sample when compared to the rest of the evaluated products (p < 0.05). The fried
sample, on the far right side of both score plots (Figure 2), was characterized by a pronounced
over-burnt/grime flavor, oil odor, nasal pungency, the highest degree of shape deformation (p < 0.05),
bitterness, and lower levels of sweetness, beetroot flavor, and cohesiveness. This sample was also the
darkest one in color, and with the highest levels of crispiness and bitterness (p < 0.05). The surface
lumpiness observed in fried samples (Figure 1) originates from vapor bubbles entrapped under the
formed crust on the very surface of the snack product during frying [13]. As it was expected, oil notes
were noticed only in the fried sample. Certain characteristics that were typical for the fried sample,
such as over-burnt flavor, nasal pungency, and shape deformation, were also noticed in the precooked
scCO,-dried-HT sample. According to sweetness, three homogenous (a = 0.05) subsets of the samples
without overlaps emerged (ANOVA data not shown) with increasing sweetness in the following order:
(i) fried; (ii) scCO,-dried-HT; (iii) freeze-dried, scCO,-dried-Flat, and scCO,-dried-LT. It seems that
the application of high temperatures during or before the drying process influences the perception of
sweetness in dried beetroot. In addition, hay-like odor and common dried vegetables-like odor were
at the highest level in the freeze-dried and scCO,-dried-HT samples as compared to the rest (p < 0.05),
while totally absent in the fried beetroot cuts. The ScCO,-dried-HT sample differed to a certain extent
in sensory profile from the other scCO,-dried samples which were not thermally treated before drying.
Beside the mentioned flavor notes, the scCO,-dried HT sample was less hard, less cohesive, less crispy,
and more adhesive (p < 0.05) than the other two which were characterized by a pronounced beetroot
flavor, sweetness, less surface deformations and flesh surface roughness, and also shape deformations
to a lesser degree.

Individual consumer overall hedonic scores (N = 102) were regressed against the four PCs.
Cluster analysis revealed three consumer clusters with individual proportions of tested consumers
greater than 20% (Cluster 1 = 41.2%; Cluster 2 = 33.3%; and Cluster 3 = 25.5%). The clusters are
mapped within the PC space (Figure 2) by averaging the regression coefficients across the clusters.
The results of the hedonic acceptance testing with the scores averaged across the clusters are shown
in Table 2. Cluster 3 (25.5%) showed a preference for the scCO,-dried-Flat (7.5 + 1.3) and fried
(7.3 £ 2.1) beetroot samples, while Cluster 2 (33.3%) preferred the scCO,-dried-LT (7.5 + 1.5) and
fried (6.5 + 2.7) samples. This means that around 59% of the tested consumers showed a preference
for the scCO,-dried beetroot samples not subjected to the cooking step before the drying process.
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Similar results related to consumer acceptance were reported for scCO,-dried red bell pepper and
apple fruits [22,24]. ScCO,-dried red bell pepper was assessed as acceptable by more than 60%
of the tested consumers [24]. Preference of the consumer within Cluster 1 cannot be explained in
this four-dimensional PC space since the position of the cluster is mainly close to the origin in the
plots (PC1 to PC4 score values were less than 0.35). According to the average overall and flavor
hedonic scores (6.6 and 6.2, respectively), the consumers within Cluster 1 slightly preferred also the
fried sample (the rest of the scores were less than 6). It appeared that, in general, tested consumers
showed their preference for the beetroot product which was salted, fried, crispy, with an oily and
overburnt flavor, in other words, most similar to commercial potato chips products. Freeze-dried
and scCO,-dried-HT samples did not gain the consumers’ attention and were scored with relatively
low (<6) overall and flavor hedonic scores (Table 2). It seems also that the “wavy” shape of the
s¢CO,-dried-LT and scCO,-dried-HT samples did not have an influence on the shape acceptance
scores of the scCO,-dried beetroot products. Taking into account that descriptive analysis and quality
judging showed that precooked scCO,-dried-HT beetroot wavy discs suffered shape deformations,
the mean shape acceptance scores for the scCO,-dried-LT sample were not statistically higher within
any consumer cluster when compared with the scCO,-dried-Flat beetroot sample.
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Figure 2. Four-dimensional principal component-space (PC-1 to PC-4) of the sensory descriptive
data (10 assessors X 2 replications) of dried beetroot samples, previously subjected to generalized
Procrustes analysis, regressed against the overall hedonic data (PREFMAP). (A,C): loading plots; (B,D):
scores plots. Loadings cutoff was set at 0.60. Consumers (N = 102) are grouped within the three clusters.
Samples abbreviations: “Flat” = not pre-cooked, flat cuts; “LT” = not pre-cooked, wavy cuts; and “HT”
= pre-cooked, wavy cuts.
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Table 2. Consumer hedonic acceptance ! for dried beetroot samples.

Consumers 2 (N = 102)
Cluster 1 (41.2%)  Cluster 2 (33.3%)  Cluster 3 (25.5%)

Beetroot Samples

Overall Liking
CO,-dried Flat 5.9 +2.8bBC 43421347 75+13°C
CO,-dried LT 52 +253ABC 75+15bC 40+£2.0%A
CO,-dried HT 40223840 5.0 +22bAB 57 +1.8b8
Fried 6.6 +27C 6.5+27BC 73+21€
Freeze-dried 49+2648 52+2648 4.6+2048
Appearance Liking
CO,-dried Flat 73 +213bC 6.7 £ 1.9BC 82+1.1b8
CO,-dried LT 6.6 +2.43BC 74+15bC 55+23abA
CO,-dried HT 58+2848 59+234B 65+214
Fried 59 +27ABC 57 +2648 59+254
Freeze-dried 50+254 47 264 49 +244
Flavor Liking
CO,-dried Flat 55+27bB 48 +223A 6.6 +2.1bB
CO,-dried LT 5.1 +24%B 7.1+1.8bC 45+2438
CO,-dried HT 3.1 +24%4 48+23bA 5.0+22bAB
Fried 62+318 65+29BC 67+278
Freeze-dried 51+288 51+2848 44+294

! Arithmetic mean + standard deviation. The same lowercase letter within a row and the same uppercase letter
within a column indicate values that are not statistically different (o = 0.05). > K-means cluster analysis of the
consumer PCA scores.

Acceptance ratings of the total number of tested consumers, measured by using the hedonic scales,
were also compared in order to assess the gender effect. The gender of the tested consumers did not
influence liking for the examined dried beetroot snacks. Analysis of variance showed that there were
no statistically significant differences (p > 0.05) between females and males within any of the examined
modalities: overall, appearance, and flavor liking (data not shown).

Beside acceptable appearance and palatability, it is also expected of dried ready-to-eat agricultural
commodities such as fruits and vegetables to preserve their nutritional content [47]. Since beetroot
is rich in valuable active compounds such as carotenoids, betalains, polyphenols, and flavonoids,
and also saponins, it has attracted significant scientific and consumer attention in recent years as a
health-promoting functional food product [12]. As being mostly strong antioxidants, these compounds
are sensitive to the promoters of oxidation such as oxygen, light, and heat. Due to prolonged exposure
to elevated temperatures typical for hot air-drying (65-85 °C), in the presence of oxygen, oxidation and
degradation of these compounds are inevitable, which causes the loss of their nutritional and health
values [48,49]. Within the optimal pH range, temperature is the most influential factor for betalains
degradation [50], betalains being the main red pigments in beetroot with intense antibacterial and
antiviral activity that comes from their strong antioxidant potential [51]. Relatively low temperatures
(e.g., 40 °C) observed in the case of using scCO, for drying purposes are recognized as a nutritionally
friendly preservation technology meeting these consumers” demands [52]. In addition, reduced water
activity, inactivation of enzymes, and increased light impermeability of dried plant tissue can decrease
the sensitivity of these phytochemicals as compared to the raw state [12], as it was shown in the case of
betalains in beetroot [50]. Stability of these kinds of products during storage can be increased by using
protective packaging materials and an inert gas atmosphere for packing. According to the findings
of Tomic et al. [22], scCO,-drying can bring and retain the same acceptance level of dried apples for
at least 6-12 months as it can be obtained by the freeze-drying process provided the products were
packed in the packaging material with low gas permeability (such as aluminum-polyethylene pouches
used in their study) under an inert atmosphere (Ny).
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3.2. Mean Drop Analysis

The results of the mean drop analysis are shown in Figure 3 only for the scCO,-dried
beetroot samples.
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Figure 3. Mean drop analysis for supercritical CO,-dried beetroot samples (N = 102 respondents).

Points in the mean drop plot represent the drops of the averaged hedonic scores linked to the
consumer groups who felt a particular attribute “too little” or “too much” in regard to the “just about
right” level. The direction of potential product modification is sought among those points with a
large proportion of consumers and a statistically significant mean drop [39]. There were two large
consumer groups (>20%) with statistically significant (p < 0.05) mean drops (Figure 3), one of which
felt the scCO,-dried-Flat sample was “not crispy enough” (22.5%), and one who felt the dried product
was “too bitter” (22.5%). The scCO,-dried-LT sample was felt by the consumers as “not salty enough”
(40.2% of the consumers, p < 0.05). As for the scCO,-dried-HT sample, there were no points in the
plot with large consumer groups and significant mean drops, but it is worth mentioning that all of
the mean acceptance scores for the “just right” consumer groups were less than 5.4 (data not shown),
i.e., not in the range of acceptable products. The freeze-dried sample was rated as “too light/pale” in
color, “not crispy enough” and “too bitter”, while the fried sample appeared to be felt as “too hard”
and “too bitter” according to the tested consumers.

3.3. Sensory Quality Rating

Table 3 shows the results of the sensory quality rating of the dried products. Mean overall quality
scores in the range of “very good” quality (i.e., above 3.5) were found only in the scCO,-dried-Flat
and scCO,-dried-LT samples (3.7 both). Overall sensory quality levels of the other samples were
in the range of “good” quality with the scores significantly lower as compared to the former two
(p < 0.05). The non-pre-cooked scCO,-dried samples (Flat and LT) were characterized by the typical
beetroot magenta color evenly distributed over the surface to a large extent, low level of shape and
surface deformations, non-intensive beetroot odor and flavor, pronounced brittleness and crispiness,
and good rehydration during mastication. The pre-cooking step before drying negatively influenced
the sensory quality parameters, at first appearance. The scCO,-dried-HT sample appeared shrunken
and distorted, the waves obtained after initial slicing with the curved knife were mostly damaged
after drying, the surface was darker in color with the occurrence of dark discolorations as compared
with the other two scCO,-dried products, flavor was empty and hay-like with the beetroot flavor
totally lost, and it was harder, more cohesive, and less airy than the Flat and LT scCO,-dried samples.
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Similar negative effects of scCO,-drying on sensory quality were observed also in red bell pepper
and apple fruits. In the case of red bell pepper, the main defects were related to the loss of color
and flavor intensities, with the simultaneous occurrence of a hay-like odor [24], while the apples
suffered partial shape deformation, the appearance of cracks on the flesh surface, and the appearance
of reddish/pinkish discoloration in flesh originating from the skin color [22,23]. Satisfied textural
characteristics such as crispiness, airy denseness, good chewiness, and good rehydration during
mastication were observed in both pepper and apple cases. Frying of beetroot slices led to the product
being characterized by pronounced shape deformation (mostly bended in the shape of a saddle),
very dark in magenta color with the grime-black areas on the surface, the presence of airborne blisters
on the surface indicating that the product was oil-fried, pronounced oil-like odor and over-burnt/grime
flavor, bitterness, and mild sourness. On the other hand, the fried product was very crispy, firm, but not
too hard or brittle, with a relatively good rehydration rate during chewing (with residual small solid
particles in the mass), and accordingly the texture was assessed as “very good” (4.1 + 0.8, Table 3).
Contrary to expectations based on the experience with red bell pepper and apple in the previous
studies [23,24], freeze-dried beetroot got relatively low quality scores in general. The score-lowering
factors in the case of the freeze-dried sample were primarily related to the appearance attributes such as
the presence of numbers of relatively large holes and cracks on the upper surface of the beetroot slices,
uneven distribution of magenta color on the upper surface with the presence of discolorations and
ash-gray color notes which are not characteristic of beetroot, absence of magenta color on the bottom
surface of the cuts with dominating dark brownish-ash-gray color, but also to less intensive beetroot
flavor with the presence of the common root vegetables-like flavor notes. Despite the freeze-dried
sample was brittle and crispy, firm but not too hard, airy, and easy-to-chew, the texture quality score
was below 3.5 (in the range of “good” quality) compared with the scCO,-dried samples not pre-cooked
(Flat and LT) whose texture scores were within the range of “very good” quality. These findings
indicate the different behavior of red beetroot in comparison with red bell pepper and apple when
exposed to freeze-drying. In both latter cases, freeze-drying resulted in the highest sensory quality
scores of the dried commodities among the applied drying techniques [23,24]. As reported by the
same authors, air-drying was not indicated as a good solution for the production of this kind of dried
ready-to-eat fruit/vegetable snacks as it delivers products with very pronounced hardness which
negatively influences chewiness, presence of off-flavors, and distinct shape deformation, which all
together result in a reduction of both consumer acceptance and objective sensory quality score [22-24].

Table 3. Sensory quality scores ! for dried beetroot samples.

Beetroot Samples Overall Quality =~ Appearance Odor Texture Flavor
CO,-dried Flat 37+06° 43+06° 26+12% 39x072b 40x07P
CO,-dried LT (Curvy) 37+060 39+07° 25+13% 42+08P 391+08P
COp-dried HT 29+06° 38+08° 23+08% 3408 24+10°
(Curvy)
Fried 3.0+09° 28+07b  23+122 41+08P 26+14°
Freeze-dried 3.0+1.09° 18+112  32+11° 34+092 29x142

1 Arithmetic mean + standard deviation (10 assessors x 2 replications). The same letter within a column indicates
values that are not statistically different (« = 0.05).

4. Conclusions

According to the sensory evaluation conducted, direct scCO,-drying, without a pre-cooking step
and application of high temperatures, showed promising potential to be used as an alternative drying
technology in the production of dried beetroot snacks, but an economic justification is required for the
industrial application at a large scale. The trials with beetroot revealed that scCO,-drying can bring
the dried product with significantly higher levels of sensory quality and consumer acceptance than can
be obtained by freeze-drying which is considered today as the best drying method for many fruits
and vegetables. Among the tested beetroot samples, a “very good” level of overall sensory quality
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was found only in those two samples dried using scCO, without applying the thermal treatment
before drying. Mean overall sensory quality score for freeze-dried beetroot was in the range of “good”
quality. Further, almost 59% of tested consumers showed a preference for the two scCO,-dried beetroot
samples not subjected to the cooking step before drying, which were characterized by typical beetroot
magenta color, low level of shape and surface deformations, pronounced brittleness and crispiness,
and good rehydration during mastication. Freeze-drying had negative effects primarily on appearance
attributes, but also on the flavor of dried beetroot, resulting in partial loss of the typical beetroot flavor.
The main defect in the fried beetroot was related to overburnt/grime flavor notes and appearance.
Nevertheless, according to the acceptance testing, the consumers from all of the obtained clusters
scored the fried beetroot product as acceptable. This could be explained by the fact that the product
was salted and relatively similar to commercial potato chips or extruded corn snacks—the products
that are ready-to-eat and that are commonly consumed as a fast food within the population tested in
this study (university students).
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Abstract: This study investigated the knowledge and use of edible flowers (EF) in two countries,
Portugal, in Europe, and Costa Rica, in Latin America, and aimed to evaluate the similarities and/or
differences regarding the utilization of EF in gastronomy. This work consisted of a questionnaire survey,
undertaken on a sample of 290 participants. The results indicate that most people surveyed (87%)
have heard about EF but believe there is not enough information about them (96%). Only one third
of participants consider there are risks associated with the consumption of EF, being those related
to toxicity and pesticides. Significant differences (p < 0.05) were found between participants from
the two countries but not with different professional areas. About half (48%) of the participants had
already consumed EF, mostly for decoration or confection of dishes (77% positive answers) and
in salads (75%). The flowers consumed most frequently were chamomile and rose, respectively,
in Costa Rica and Portugal. Reasons pointed out to consume EF include decoration, taste, novelty and
aroma, while aspects such as nutritional value or antioxidant capacity are prized by fewer consumers.
EF were mostly acquired in supermarkets, cultivated at home or collected in the wild. In general,
most participants (85%) consider the use of EF in gastronomy interesting, but less than one third
(27%) believe we should eat EF more often. Finally, discriminant function analysis revealed that
country was the variable for which the differences in the consumption of EF was more pronounced,
while education level and age group showed the lowest variability between groups.

Keywords: edible flowers; food security; gourmet kitchen; knowledge; questionnaire survey

1. Introduction

The consumption of flowers in ancient time is known, on one hand, for being a part of traditional
culinary practices, while being also used in the field of alternative medicines. In civilizations in ancient
Rome and Greece, as well as in China, the tradition of using edible flowers (EF) is linked to a historic
concept, being their use in food preparation, as aroma enhancers, to add flavor and aesthetic value.
For example, roses (Rosa spp. L.) were used in ancient Rome to provide flavor and sweetness to
dishes, in drinks, salads, purees, omelets, and desserts. In France, during the Middle Ages, flowers of
calendula (Calendula officinalis) were consumed in a wide variety of salads. Documented use of violets
(Viola odorata L.) in the 17th century related to their ability to confer sweetness and color to syrups [1-3].

Although EF have been consumed over the ages, their use is not as widespread as other foods and
their inclusion in gastronomic preparations is more often linked to special occasions, gourmet cuisine
and certain chefs’ recipes or suggestions. The health and aesthetic properties of EF represent a niche
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market nowadays; however, from a strategic point of view, the food industry and food service operators
might greatly benefit from a wider inclusion of EF in food products, pre-prepared meals, drinks, freshly
prepared dishes and desserts, as a way of positive differentiation and service enhancement [4,5].

According to a review by Fernandes et al. [6] about the benefits of EF for human health,
they possess nutritional value—being rich in moisture, carbohydrates and protein, and being low
in lipids. They also contain interesting amounts of ash, including dietary minerals such as calcium,
iron, potassium, magnesium, phosphorous or zinc. Furthermore, they contain bioactive components,
such as phenolic compounds, which contribute to their high antioxidant activity, while also conferring
color and aroma. Other biological effects include antimicrobial and anti-inflammatory activities which
are also reported to inhibit cell proliferation, turning them into a potential ally for cancer treatment
and prevention [7-10]. Still, it is important to bear in mind what amounts need to be ingested for these
health effects to be effective on the human body. From this point of view, many of these possible health
claims are not yet established through recommended intake dosages.

As with other food categories, the consumption of edible flowers involves a complex decision
process, when making food choices. These food choices are related to the products’ characteristics
but also to the individual’s history and context, including integration of personal ideas, resources
and social influences with the social, cultural and physical environments [11-16]. With regard to EF,
some people consider the unique combination of their pleasant visual aspect, color, aroma, taste, shape
and nutrition, consequently invoking these reasons when deciding to consume EF. On the other hand,
some people value their nutritional composition more and them being fresh, unprocessed or minimally
processed food products, making these the reasons for eating them [4,17].

This study was carried out to assess the knowledge and use of EF in two countries situated in
different parts of the globe, Portugal in Europe and Costa Rica in Latin America, possibly representing
different realities regarding the utilization of EF in gastronomy.

2. Materials and Methods

2.1. Data Collection and Sample Characterization

This survey was based on a questionnaire that was applied to a convenience sample in two countries,
Portugal and Costa Rica. The convenience sample was chosen according to the facility to recruit and
place of residence, and it was intended to have a minimum of approximately 150 responses in each of
the countries. Therefore, the questionnaire was sent to a high number of people in each of the countries,
but the responses obtained were limited in number, a little higher in Portugal than in Costa Rica
(151 and 139, respectively). Convenience samples have both the advantages of easy recruitment and not
allowing generalization according to estimates of sociodemographic differences. In addition, they can
be a good tool for exploratory research [18-21]. All data collected were treated with confidentiality
and met all ethical issues, so that it was impossible to link the answers to a particular individual.
The survey was conducted with adult participants only, who answered the questionnaire voluntarily.
The data collection was approved by the Ethical Committee at Polytechnic Institute of Viseu and all
participants gave explicit consent prior to the data collection.

This survey included 290 participants, of which 47.9% were from Costa Rica and 52.1% were
from Portugal, leading to an even distribution between countries (Table 1). The average age of
the participants was 40 + 13 years, slightly higher in Portugal (41 + 13 years) than in Costa Rica
(38 + 12 years). Most of the participants were aged between 31 and 50 years (52.7%), and the elderly
were those least represented (2.1%). Regarding the highest level of education, most of the participants
had completed a university degree (83.1%), however, fewer had just completed basic education
(3.1%). As for the living environment, the great majority lived in urban (67.2%), followed by rural
(22.8%) and then suburban (10.0%) environment. For the combined results of both countries, for all
sociodemographic variables considered, a relative homogeneity between the samples from Portugal
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and Costa Rica was observed—the sex variable was an exception, for which the percentage of men was
considerably higher in Costa Rica (37.4%) than Portugal (19.2%).

Table 1. Sociodemographic characterization of the study sample.

Variable Costa Rica Portugal Total

Dimension: N (%) 139 (47.9) 151 (52.1) 290 (100)

Age @ (MV + SD years) 38+12 41+13 40+ 13
Young adults (18-30 years) (%) 30.2 23.8 26.9
Ave prou Middle aged adults (31-50 years) (%) 52.6 53.0 52.7
g¢ group Senior adults (51-65 years) (%) 15.8 205 183
Elderly (=66 years) (%) 14 2.6 2.1
s Women (%) 62.6 80.8 72.1
ex Men (%) 37.4 192 27.9
Basic (%) 29 3.3 3.1
Education level Secondary (%) 12.2 15.2 13.8
University (%) 84.9 81.5 83.1
Livi Urban (%) 66.2 68.0 67.2
~ving Suburban (%) 12.9 7.3 10.0
environment Rural (%) 20.9 24.7 22.8

() Combined results of Portugal and Costa Rica. @ Age expressed as mean value (MV) + standard deviation (SD).

The professional area of the participants (either regarding work or studies) was also assessed
considering its possible influence on the level of information and consumptions habits towards EF.
The results in Table 2 indicate that, while in Portugal a high percentage of participants had professional
areas related with food and nutrition (58.0%), in Costa Rica the percentage for these areas was much
smaller (only 17.3%). Additionally, the professionals linked with restaurants and hotels were more
frequent in Portugal (12.1%) than in Costa Rica (5.0%). Regarding professions or studies in the domain
of agriculture or agricultural sciences, both countries had a similar representation (31.2% in Costa Rica
and 29.3% in Portugal).

Table 2. Professional area of the participants.

. Costa Rica Portugal Total @
Professional Area Yes (%) No(%) Yes(%) No(%) Yes(%)  No (%)
Nutrition/Food 17.3 82.7 58.0 42.0 384 61.6
Agriculture 31.2 68.8 29.3 70.7 30.2 69.8
Hotels/Restaurants 5.0 95.0 12.1 87.9 8.7 91.3
Not related to any of the above 43.5 56.5 38.3 61.7 47.0 53.0

() Combined results of Portugal and Costa Rica.

2.2. Data Analysis

Exploratory analysis was done using SPSS software V25 (IBM, United States Inc.). The crosstabs
and chi-square test were used to evaluate possible relations between some of the categorical variables
studied at a level of significance of 5%. The coefficient Cramer’s V was used to express the strength of
the significant relations found between variables. This coefficient varies, ranging from 0 (no association)
to 1 (perfect association), and for V ~ 0.1 the association is considered weak, V = 0.3 the association is
moderate and V ~ 0.5 or higher, the association is strong [22]. When the conditions did not allow the
use of the chi-square test, the Fisher’s exact test was used.

Discriminant function analysis (DFA) was performed using statistic software from StatSoft (Vs 7.09).
This is a statistical procedure that classifies unknown individuals and estimates the probability of their
classification into a certain group (for example sex or country). DFA assumes a normal distribution
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for the sample, and the subsequent probability and typicality probability are applied to calculate the
classification probabilities [23].

3. Results and Discussion

3.1. Information about Edible Flowers

Flowers have traditionally been used in gastronomy in various cultures, such as European, Asian,
East Indian, Victorian English, and Middle Eastern [24]. Up to the present, EF have been greatly used
as garnish in high-end foodservice establishments. However, their potential is considerably greater.
EF can be used fresh as a garnish or as an integral part of a dish, for example in salads, but some other
applications include stuffing or use in stir-fry dishes. Flowers can also be used to add color and flavor
to foods, for example soups, entrées, desserts or drinks. Finally, EF have also been introduced into
processed foods to add diversity and innovation to the food market, besides the nutritional and health
benefits for consumers [2,24,25].

This led us to investigate the knowledge and habits relating to EF in Portugal and Costa Rica,
which have different social and cultural backgrounds. Table 3 shows the results obtained for the
whole sample, separated by country, as well as the results of the chi-square tests made to evaluate
if there were statistically significant differences between countries in relation to various aspects of
information linked with EF. The first aspect investigated was whether the participants knew what EF
were. The results of this survey showed that the great majority of the participants had already heard
about EF (86.9%), particularly in Portugal where almost everyone knew about EF (96.7%), while in
Costa Rica that percentage was lower, but still high (76.3%). The differences between both countries
were statistically significant (p < 0.0005) and there was a moderate association between these two
variables, country and having heard about EF (V = 0.302).

Table 3. Information about edible flowers (EF), according to country.

CST @ cc®
Question Total V Co.sta Portugal
Rica X2 p v
Yes (%) 86.9 76.3 96.7 26530  <0.0005®  0.302
H: heard about EF?
ave you heard abou No (%) 13.1 237 33
Do you think there is enough Yes (%) 3.8 3.6 4.0 0.028 0.557 -
information about EF? No (%) 96.2 96.4 96.0
Do you think there are risks Yes (%) 35.2 274 424 7.342 0.025 0.159
associated with consumption of EF? Nci (%) 510 338 285
M@ (%) 33.8 38.8 29.1
a (9 (5)
Do you think toxicity is a risk? I{?; E"Z)) ?Zg Zég 96355 12237 0.001® 0300
g ©)
Do you think pesticides are a risk? \ﬁs E‘V/:)) ?g? g?g 98128 12105 <0.0005® 0.298
. . Yes (%) 50.5 39.6 58.7 3.995 0.035 0.190
D hink thy h ks?
0 you think there are other risks No (%) 95 604 a3

() Combined results of Portugal and Costa Rica. ?) CST: chi-square test (level of significance of 5%: p < 0.05) for
country differences. ©) CC: Cramer’s coefficient, only indicated if there were significant differences. @) This option
accounts for Maybe/I do not know. ©) Fisher’s exact test.

A good level of information is fundamental to help make food decisions in general, and this is
even more true when it comes to EF. Hence, some of the aspects investigated aimed to evaluate the
degree of knowledge that the participants had about different aspects related with EF. In appearance,
EF are similar to ornamental flowers, since many of the species are used in both contexts. They are
beautiful but also interesting from the organoleptic and nutritional point of view while at the same
time being safe for human consumption. Nevertheless, if it is true that all edible species can be used
for decorative purposes, the contrary is not true, and it is crucial to distinguish them for their edibility
by using chemical and biological parameters [1,26]. The results obtained showed differences between
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Portugal and Costa Rica in relation to some aspects that measure the level of knowledge about EF.
This has been reported previously by Rodrigues et al. in [25]. Despite the attention that EF have been
gaining in the past years, it appears that they are not popular for consumption in Latin America,
being considered unfamiliar to some cultures in the American continent. Information and knowledge
about EF are fundamental to help consumers understand whether they can be used and how, as well as
what benefits they provide from the organoleptic, nutritional or even medicinal points of view [4,27,28].

As for the question regarding the availability of information about EF, very similar results were
found in both countries, with practically all participants stating that they considered the information
about EF as not enough (about 96%) (Table 3). For this question, no significant differences were found
between countries.

Aspects linked to safety and possible risks involved in the consumption of EF were also investigated.
The obtained results indicated that only about one third of the participants (35.1%) considered that
there were risks associated with the consumption of EF; specifically, the Portuguese participants were
more aware of this possibility (42.4%) than Costa Rican participants (27.4%) (Table 3). Furthermore,
a very important percentage of participants (33.8%) could not express an opinion about this fact,
replying maybe or I do not know. The differences found between countries were statistically significant
(p = 0.025) but the association was weak (V = 0.159).

In the 21st century, the agro-food industry faces many challenges, including food security (the need
to provide enough food to be consumed) and food safety (products that are safe to eat). EF meet
these challenges and additionally they allow for introducing innovative products with nutraceutical
properties and health benefits to the market [26,29]. Regarding the food safety domain, EF pose some
additional concerns. While purely decorative flowers sometimes have toxic components that can lead
to intoxication or even death, the flowers used for human consumption have to be absolutely safe.
Additionally, in many cases, the cultivation of decorative flowers involves the use of harmful chemicals,
whereas EF, aimed for gastronomic purposes or other consumption options, such as medicinal
preparations, for example, are usually obtained through organic production [6]. Seeing as two main
aspects linked to the safety of EF are important, specific questions were formulated to evaluate if the
participants considered toxicity and/or pesticides as risks associated with EF consumption. In fact,
regarding these questions the great majority of participants assumed they believed toxicity (83.8%) and
pesticides (80.9%) to be effective risks when consuming EF (Table 3). Again, very marked differences were
encountered between participants from Portugal and Costa Rica, with the percentages for those who
consider these as risks being much higher in the Portuguese sample (93.5% and 91.8%, respectively, for
toxicity and pesticides) as compared with Costa Rica (71.2% and 68.3%, respectively). These differences
were significant (p = 0.001 and p < 0.0005, respectively, for Portugal and Costa Rica) and the associations
between variables were moderate in both cases (V = 0.300 and V = 0.298, respectively). One last
question investigated if the participants considered that other risks could be associated with EF, and in
this case the percentage of agreement was lower. Here, 50.5% of participants believed other risks could
be involved in the consumption of EF, again, the higher percentage being Portugal, with significant
differences between both countries (p = 0.035) but a relatively weak association (V = 0.190).

As well as hypothesizing that some professionals working in some specific areas could possibly
have a different pattern of answers when compared with the common participants, it was also
investigated if there were differences between participants not related and those related with the
following areas: Agriculture, Food and Nutrition, Hotels and Restaurants. These results are presented
in Table 4 where Portugal and Costa Rica are considered together.

The results in Table 4 show significant differences (p < 0.0005) between the participants related
within the professional areas previously specified and those who were not related for the question
about having already heard about EF, with a significantly higher percentage of yes for the participants
related (94.7% against 22.2%, respectively, for related and not related). Furthermore, the association
between being or not being related with the specified professional areas and having heard about EF
was moderate (V = 0.250). Regarding the question of whether the participants considered if there is
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enough information about EF, no significant differences were found, and in both groups the percentage
of participants that considered the information to be scarce was very high.

Table 4. Information about edible flowers (EF), according to professional areas in Portugal and Costa
Rica (considered together).

CST @ cc®
Question Related Not Related @ Py
X P v
%, (5)
Have you heard about EF? ﬁ; é";:; 95437 iig 17.901 <0.0005 0250
Do you think there is enough Yes (%) 5.3 2.2 1.794 0.151 ® -
information about EF? No (%) 94.7 97.8
Do you think there are risks associated Yes (0/0) 467 222 19.234 0.442 -
with consumption of EF? No (%) 270 356
M@ (%) 26.3 422
o (5) -
Do you think toxicity is a risk? K?s E"Z); ?2; Zzg 1738 0142
% (5) -
Do you think pesticides are a risk? ﬁ; é";:; 51;(9); ?;g 0012 0.552
o, (5) -
Do you think there are other risks? ;i}es é";:)) ;88 ggg 0.000 0.579

(@ Related or not related with the following areas: Nutrition/Food, Agriculture, Hotels/Restaurants. @ CST: chi-square
test (level of significance of 5%: p < 0.05) for country differences. ()’ CC: Cramer’s coefficient, only indicated if there
were significant differences. @) This option accounts for Maybe/I do not know. ©) Fisher’s exact test.

In the question regarding the risk associations of EF, participants with professional links with
Food and Nutrition, Agriculture or Hotels and Restaurants are more aware of the risks in general
(46.7% against 22.2% for those not related), more alert to the risk of toxicity (86.7% against 77.8%)
but not to the risk of pesticides (80.5% against 81.3%) or other risks (50% for both). Nevertheless,
these differences were not statistically significant.

EF bring interesting elements to culinary and dietary habits; therefore, chefs find in EF valuable
allies to their gastronomic preparations due to their aromas and bouquet, their color, shapes and the
sensations they evoke [30]. Because of their nutritive and bioactive compounds, such as polyphenols and
their antioxidant properties, they also contain important dietary elements with nutritional and health
benefits, recognized by the professionals linked with nutrition and health [31,32]. The cultivation of EF
has to obey special requirements, usually in organic mode, and farmers are expected to be aware of the
effects of the utilization of chemical products in their farms [6,30]. Nevertheless, despite these aspects,
it was found that the professional area did not significantly impact the level of knowledge about EF.

3.2. Use of Edible Flowers

About half of the participants in this survey (47.6%) had already consumed EF, and this percentage
was very similar for both countries (47.7% and 47.5% for Costa Rica and Portugal, respectively).
For those who had already consumed EF, it was asked in what ways and/or for what purposes they
consumed EF. The results showed that 77% had consumed EF for decoration and confection of dishes,
75% had consumed EF in salads, 49% in starters, 43% as aroma intensifiers, 26% in jellies and 33%
in other non-specified possibilities. Figure 1 shows the ways consumption differentiated by country
and similar results were found for the use of EF as decoration and confection of dishes (70% for
Costa Rica and 83% for Portugal) as well as in salads (71% for Costa Rica and 78% for Portugal),
these being the most frequent forms of consumption in both countries. The use in jellies showed the
lowest incidence in both countries (less than 30%) but the use in starters and as aroma intensifiers was
more pronounced among Portuguese participants (64% and 50%, respectively) than among those from
Costa Rica (32% and 35%, respectively). Although traditionally EF have been mainly used due to their
smell and visual appeal, new and innovative value has been attributed to flowers as part of the food
market and chefs’ resources. Apart from being consumed fresh or cooked, they can be used in savory
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dishes containing meat and fish, in soups and drinks (such as wine, beer, vinegar or spirits), in desserts,
sweets, jellies, as well as spices, and dyes. Furthermore, they can also be used in a dried form, ground
into powder, crystallized or used as foams in molecular gastronomy [2,4].

u Costa Rica = Portugal

In salads

In starters

In jelly

As aroma intensifiers

Decoration and
confection of dishes

Others

Positive anwers (%)

Figure 1. Possible ways in which the participants consumed edible flowers.

One other question of the survey investigated which flowers the participants had already
consumed. There are many flowers that are safe for human consumption and their usage can be
varied according to availability and the chef’s discretion. Some of the most frequently reported EF
include violet, pansy, marigold, rose, daisy, chicory, gardenia, hibiscus or jasmine, to name a few [6,32],
and those most consumed by the participants in this study are included in this list. In this study,
the most consumed flowers were chamomile and rose (by 62% of the participants in both cases).
Then came the pumpkin flower (49%), pansy (38%), sunflower (32%), calendula (26%), orchid (10%),
and others not specified were consumed by 53% of the participants. The results shown in Figure 2,
which separates the consumption by country, indicate that most of the flowers which are popular
in Costa Rica are also popular in Portugal and vice-versa: chamomile (64% and 61%, respectively,
for Costa Rica and Portugal) and rose (55% and 69%, respectively) as the most popular, and orchid
(15% and 6%, respectively) as the least. The usage of EF is very much dependent on tradition on
one side, but also on innovation and new gastronomic trends on the other. While in Europe and
Asia there is an old tradition linked with the usage of flowers for human consumption which is well
documented, in some other parts of the world this habit is not so present among the population.
Additionally, European chefs are among those who use creativity to explore the application of EF into
their recipes [5,25], and this helps to explain some differences found when comparing the usage of EF
in Portugal and in Costa Rica.

Regarding the frequency of consumption, 94% consumed EF sporadically (100% of the participants
from Costa Rica and 88% of the participants from Portugal) and only 6% consumed them regularly.
Some differences could be observed between the two countries, while in Portugal 12% already consume
EF on a regular basis, in Costa Rica no one does.

Decoration, novelty, taste and aroma were cited as the most relevant reasons to use EF,
while nutrition and antioxidant activity have the lowest importance. Nevertheless, the nutritional
importance of many different EF has been established, as well as the value associated with some of the
bioactive compounds that they contain that bear biological activities beneficial for human health—for
example, the high antioxidant activity provided by phenolic compounds [6,33,34]. The reasons why
participants consumed EF were varied and included their ability to decorate dishes or other food
preparations (66%), their exquisite taste (62%), the perception of novelty associated with their utilization
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(62%), their aroma and bouquet (57%), their bioactive compounds that bear antioxidant activity (37%),
their nutritional value, most especially regarding micronutrients lime vitamins and minerals (26%),
among others (21%). Figure 3 represents the reasons indicated by the participants, separated by
country, and some differences could be identified. While Portuguese consumers value more decoration
(74%) and novelty (69%) those from Costa Rica value more taste (70%) followed by decoration (58%).
In addition, differences were found for the value of nutrition and antioxidant properties, which were
much more prized by the consumers in Costa Rica (33% and 44%, respectively) than in Portugal
(19% and 31%, respectively).

u Costa Rica u Portugal

Sunflower
Camomile
Calendule
Pumpkin flower
Rose

Others

Positive anwers (%)
Figure 2. Types of flowers consumed by the participants.
m Costa Rica w Portugal

Decoration

Taste

Aroma

Nutritional value
Antioxidant activity
Novelty

Other

Positive anwers (%)

Figure 3. Reasons pointed out by the participants for consumption of EF.

The places where the participants ate EF for the first time were in restaurants (for 46%), followed
by the participants’” own homes (30%) and only a small percentage ate them for the first time in
cafés or pastry shops (4%). According to Figure 4, the first consumption for the Portuguese occurred
mostly at restaurants (57%) and with a lower expression at home (25%), while in Costa Rica both
places were even (35% and 36%, respectively, for homes and restaurants). As chefs know already that
some aspects linked with culinary pleasure captured through our senses are closely connected to
emotions, they explore this by using ingredients and raw materials which are able to awaken these
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sensations. Hence, flowers, due to their varied colors, intense aromas and exquisite taste, are among
those ingredients, and restaurants are, therefore, places where EF can be found in gastronomic
preparations [35,36].

u Costa Rica = Portugal

Restaurant

Home

Café/Pastry

Other

Positive anwers (%)

Figure 4. Places where participants consumed EF for the first time.

It was observed that 29% of the participants used EF for gastronomic preparations, this percentage
being equal in both countries. Additionally, it was observed that the fresh state was the preferred
form of consumption, by 75% of participants, while 43% used them cooked. Some differences were
found between countries for the utilization of EF in the cooked form, being more expressive among
consumers in Costa Rica (58%) than in Portugal (29%) (Figure 5).

m Costa Rica u Portugal

Positive anwers (%)

Figure 5. Forms of consumption of EF.

The marketing of fresh EF poses some challenges as both dehydration and oxidation make them
highly perishable, diminishing their nutritional and bioactive characteristics. On the other hand,
they are easily contaminated by insects, thus compromising their safety while also decreasing their
attractiveness. For these reasons, fresh edible flowers are sold packed in rigid plastic containers [4].
Regarding the places where consumers obtain EF, most participants buy them in supermarkets (43%)
or collect them in the wild (58%) or grow them at home (53%). Still a worrying fraction admit buying
EF in flower shops (13%), which is highly critical, since ornamental flowers may not, and many times
do not, comply with the necessary quality criteria to be ingested as foods [1]. Flowers can carry traces
of pesticides and insects, and therefore, flowers grown for ornamental purposes may be among the
edible species but should not be used for human consumption because they may be contaminated
with pesticides or special fertilizers for better blooming. The flowers used in gastronomy should be
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cultivated purposely by the cook who will use them or bought from organic vegetable producers,
as safe foods [5].

Some differences were found also for this question among participants from different countries
(Figure 6), since in Costa Rica home cultivation is the most frequent way to obtain EF (58%), followed by
the supermarket (53%) and then collection in the wild (47%), while in Portugal the most expressive way
to obtain EF is to collect them from the wild (67%), then home cultivation (48%) and the supermarket
comes in third (33%). The buying of EF in flower shops is more pronounced in Costa Rica (16%)
compared to Portugal (10%).

u Costa Rica = Portugal

Supermarket

Home
cultivation

Flower shop

Collect in wild

Other

Positive anwers (%)

Figure 6. Places where the participants buy EF.

Another aspect investigated in this study, related to the ease of obtaining EF, is only 15% consider
it is easy to obtain EF, while 36% think not, but almost half of the participants (49%) think maybe or do
not know. These results were very similar for both countries, as indicated in Figure 7. As EF are still
a niche in the food market, it is natural that their availability is lower when compared with other food
categories such as fruits and vegetables [5].

u Costa Rica » Portugal

Maybe/I don’t
know

Positive anwers (%)

Figure 7. Availability of EF.

Finally, two questions were dedicated to gathering the participants” opinions about the usage of
EF in gastronomy. The results obtained showed that most participants (85%) consider the use of EF for
gastronomic purposes interesting, particularly those from Costa Rica (89%) with a higher expression
than Portugal (80%) (Figure 8). Regarding the second question, only 27% believe that we should eat EF
more often, being a higher percentage for participants from Costa Rica (35%) than Portugal (20%).
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m Costa Rica = Portugal

Do you consider

should eat EF more |interesting the use of
EF in gastronomy?

often?

In your opinion, we

Positive anwers (%)
Figure 8. Opinions about the use of EF for culinary purposes.
3.3. Effect of Sociodemographic Variables in Edible Flowers” Consumption

DFA is used to determine which variables discriminate between two or more naturally occurring
groups. In this study, DFA was used to determine which variable(s) are the best predictors for the
consumers’ subsequent choice. The discriminant function is a linear function of the predictor variables
such that it can discriminate between groups of respondents, i.e., differentiate low probability or high
probability for a specific consumption attitude group. This is estimated by including all the predictors
simultaneously and using the direct method of discriminant analysis.

For the question “How did you eat the flowers?” it was observed that education level,
living environment and age group do not influence the consumers’ attitudes (Table 5). Nevertheless,
statistical differences were found between sex groups for the use of EF in decoration and confection
of dishes (female participants eat the flowers more in decoration and confection of dishes than male
participants do). The differences observed between the two countries were assigned by the different
uses of EF in starters.

Concerning the question “Which flowers have you already eaten?” for both age group and
education level, no significate differences were observed (Table 5). However, significant differences
were found in the pansy and pumpkin flower consumption in both countries. Additionally, it was further
observed that the pansy flowers were consumed differently according to gender. It was observed also
that the living environment influences the consumption of pumpkin flowers and roses.

For the frequency of the consumption of EF, only in the country and education level groups were
significant differences found. For almost all sociodemographic groups studied, the motives for the
consumption of EF did not present statistical differences. Conversely, the age group presented
statistical differences concerning the use as decoration and for nutritional purposes (Table 5).
The way the participants in each country consume flowers is significantly different when it comes to
the consumption in the fresh form or cooked. This result is in accordance with the aforementioned
statistic discussed in Figure 5, which shows that participants from Costa Rica eat cooked EF in much
higher percentages than those from Portugal.

For the question “If you use EF, where do you buy them?” significant differences were found only
for the living environment variable and regarding the option “others”, which accounts for other ways
to buy EF not specified in the answering possibilities (Table 5). Furthermore, no significant differences
were found in the question “Is there enough information about EF?” for country, age group, sex and
education level variables. In this case only the different sex groups showed different opinions about the
availability of information on EF. Regarding the risks associated with the consumption of EF, only for
the risks associated with pesticides were there differences found in the participants from both countries
and for both sexes (Table 5).
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For the questions “EF are easy to obtain?” and “In your opinion we should eat EF more often?” no
significant differences were found for all sociodemographic groups.

4. Conclusions

The present work concluded that the level of information about EF is significantly different
between participants form the two countries evaluated, namely Costa Rica and Portugal. The highest
differences were found in the knowledge about EF, or the risks associated with their consumption,
particularly concerning toxicity and pesticides, for which the associations were moderate. As for the
differences in information considering different professional groups, no significant differences were
found except for having heard about EF, for which the association was moderate.

Regarding the use of EF, they are used mainly for decoration and confection of dishes and in salads,
and those most consumed are rose and chamomile, which are consumed sporadically. Reasons for the
consumption of EF include decoration, novelty, taste and aroma. Most participants ate EF for the first
time in restaurants, and they consume them mostly fresh. In regard to obtaining EF, it consists mainly
in collecting them in the wild, followed by home cultivation and then supermarkets, but consumers
believe it is quite difficult to acquire. A great majority of the participants believe that the use of EF
for gastronomic purposes is interesting, but a much smaller fraction believe that we should eat EF
more often.

Finally, DFA revealed that country was the variable for which the differences in the consumption
of EF between groups was more pronounced, while education level and age group showed the lowest
variability between groups.

As our sample was recruited by convenience, more women and more people with university
degrees volunteered to participate in the survey, and this constitutes one limitation of the study,
also considering the limited number of responses obtained. However, this study is a first approach to
understanding the habits of EF consumption in these two countries, highlighting which aspects are
more relevant for the consumption of this type of product, from the point of view of the consumer.
Additionally, this study allows for some complementing future lines of work, namely the importance
of safety assurance, quality control and marketing issues, including labelling as a way to protect and
inform consumers.
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