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To the readers of this dissertation,

“Consumption is the sole end and purpose of all production; and the
interest of the producer ought to be attended to, only so far as it may
be necessary for promoting that of the consumer.” — Adam Smith
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Abstract

As the global population is predicted to reach billions in the coming decades, the challenge
of providing sustainable and efficient protein sources is becoming increasingly urgent.
Simultaneously, the need to mitigate climate change and prevent further depletion of
natural resources continues to place immense pressure on existing food systems. In
response, new foods and food related technologies (also referred to as food technologies),
such as alternative protein sources, have emerged as potential solutions. Despite their
nutritional, environmental and ethical benefits, consumer acceptance remains limited.

Studies show that while many consumers express concern about environmental issues,
their purchasing behaviours do not always align with their beliefs. Literature suggests that
consumer motivations, perceived barriers, and differing understandings of sustainability
contribute to this complex web of influences. Barriers such as neophobia, accessibility,
scepticism, cost, and past failures in communication during food safety crises often hinder
the adoption of such foods and food technologies.

Addressing these challenges requires an interconnected and comprehensive approach
towards sustainable consumption that promotes environmentally friendly and ethically
produced products while aligning with consumer preferences. To bridge these gaps, this
dissertation employed a mixed-methods approach, combining quantitative tools such as
questionnaires with qualitative insights from interviews and focus groups. The research was
structured in two parts: first, to understand the drivers and barriers in consumption and
second, to assess the effectiveness of communication for complex scientific topics.

Findings revealed that while health and sustainability motivated many consumers,
several barriers impeded such as unfamiliarity with new foods and food technologies,
limited information on origin and processing, accessibility, and cost hindered adoption.
Concerns about additives were prominent for processed plant-based alternatives, while
sensory appeal and food safety were key issues for edible insects. Cell-culture-derived meat
raised concerns related to safety and artificiality due to stark differences in global
regulatory frameworks.

In the second phase, results indicated that clear, engaging scientific content improved
public interest in science communication. Digital communication tools have shown promise
in making scientific topics more accessible and increasing understanding. Digital tools, such
as podcasts, proved effective in raising awareness of advanced analytical techniques like
mass spectrometry, which is critical in environmental monitoring and food safety.

Adoption strategies developed with consumers highlight the need for addressing
consumer concerns. Educational campaigns, transparent labelling, and clear explanations
of ingredients, sources, and processing methods were key in reducing scepticism. As
consumer preferences evolve, future research should track responses to shifting regulations,
cultural influences, and technological advancements.

This research has wide-reaching implications. For policymakers and researchers, it
underscores the need for transparency and accessible information to build trust and drive
sustainable adoption. For the food industry, it identifies key factors to help manufacturers
develop products that align with consumer priorities while promoting sustainability.






xi

Povzetek

Ker naj bi svetovno prebivalstvo v prihodnjih desetletjih doseglo ve¢ milijard, postaja izziv
zagotavljanja trajnostnih in u¢inkovitih virov beljakovin vse bolj nujen. Hkrati je potreba
po blaZenju podnebnih sprememb in preprecevanju nadaljnjega izCrpavanja naravnih virov
vse vedji pritisk na obstojece prehranske sisteme. Kot odgovor na to so se pojavile nove
prehranske tehnologije, kot so alternativni viri beljakovin, ki predstavljajo potencialne
resitve. Kljub prehranskim, okoljskim in eticnim koristim ostaja sprejemanje med
potrosniki omejeno.

Studije kazejo, da ¢eprav mnogi potrosniki izrazajo skrb za okoljske tezave, njihovo
nakupno vedenje pogosto ne odraza njihovih prepricanj. Literatura nakazuje, da na to
zapleteno mrezo vplivov vplivajo motivacije potrosnikov, zaznane ovire in razlicna
razumevanja trajnosti. Med ovirami so pogosto prisotni neofobija, dostopnost, skepticizem,
stroski ter pretekli neuspehi v komuniciranju med krizami na podroc¢ju varnosti hrane.

Resevanje teh izzivov zahteva celovit pristop k trajnostni potrosnji, ki spodbuja okolju
prijazne in eticno proizvedene izdelke ter se prilagaja potrosniskim preferencam. Za
zapolnitev vrzeli je bila uporabljena metoda mesanih pristopov, ki zdruzuje kvantitativna
orodja, kot so vprasalniki, in kvalitativhe vpoglede iz intervjujev ter fokusnih skupin.
Raziskava je bila strukturirana v dveh delih: prvi se je osredotocal na dejavnike in ovire
pri potrosnji, drugi pa na uc¢inkovitost komuniciranja kompleksnih znanstvenih tem.

Rezultati so pokazali, da sta zdravje in trajnostnost motivirala Stevilne potrosnike,
vendar so razlicne ovire, kot so nepoznavanje novih zivil in prehranskih tehnologij, omejene
informacije o izvoru in predelavi, dostopnost ter stroski, ovirale sprejemanje. Pri predelanih
rastlinskih alternativah so bili izrazeni pomisleki glede aditivov, pri uzitnih insektih pa
senzoricna privlacnost in varnost hrane. Pri mesu iz celi¢ne kulture so bile glavne skrbi
varnost in umetnost postopka, predvsem zaradi velikih razlik v regulativnih okvirih.

Drugi del raziskave je pokazal, da jasno in privla¢no znanstveno komuniciranje povecuje
zanimanje javnosti za znanost. Digitalna orodja so ucéinkovita pri izboljSanju dostopnosti
znanstvenih tem in razumevanja. Zlasti podkasti so bili uspesni pri ozavescanju o analitskih
tehnikah, kot je masna spektrometrija, ki je klju¢na pri nadzoru okolja in varnosti hrane.

Strategije sprejemanja, razvite s potrosniki, poudarjajo potrebo po naslovitvi njihovih
pomislekov. Izobrazevalne kampanje, transparentno oznacevanje in jasne razlage sestavin,
izvora ter predelovalnih metod so kljucne pri zmanjsevanju skepticizma. Ker se potrosniske
preference razvijajo, bi morale prihodnje raziskave spremljati odzive na spreminjajoce se
regulative, kulturne vplive in tehnoloske napredke.

Raziskava ima Siroke implikacije. Za oblikovalce politik in raziskovalce poudarja
potrebo po transparentnosti in dostopnih informacijah za krepitev zaupanja in spodbujanje
trajnostnih praks. Za prehransko industrijo pa opredeljuje kljuéne dejavnike, ki lahko
pomagajo proizvajalcem razviti izdelke, ki ustrezajo potrosniskim prioritetam in podpirajo
trajnostnost.
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Chapter 1

Introduction

The global food industry stands at a pivotal moment, shaped by shifting consumer
priorities, evolving regulatory frameworks, and rapid technological advancements.
Consumers, once passive recipients of food products, have emerged as active participants
who shape trends by demanding greater transparency, ethical practices, and sustainability.
These shifts have driven significant changes in food production, marketing, and product
development, compelling industries to align with values such as health, environmental
stewardship, and ethical consumption.

Among the most transformative innovations are alternative proteins. These novel
solutions address pressing concerns tied to traditional livestock farming, including
greenhouse gas emissions, resource inefficiencies, and animal welfare. Despite their potential
to revolutionise food systems, the adoption of alternative proteins hinges on consumer
perception, awareness, and acceptance. Motivations rooted in environmental and ethical
considerations generate interest, yet challenges like sensory appeal, cost, and scepticism
surrounding processing remain substantial barriers.

Communication and engagement play a critical role in bridging the gap between
innovation and acceptance. Effective strategies, ranging from transparent labelling to
educational campaigns, are vital for building trust and helping consumers make informed
decisions. This chapter explores these themes in three parts: the evolving influence of
consumers on food trends and regulations, consumer perceptions of new foods and food
technologies (referred to more broadly as food related technologies, used here for
simplicity), particularly alternative proteins, and the critical role of communication in
enabling broader acceptance of specialised sciences involved in the field of food research.

1.1 Consumer Influence on Food Trends and Market
Dynamics

The evolution of food consumption patterns clearly reflects how societies transform across
different historical periods (Kearney, 2010; Johnson & FEarle, 2016). During the 20th
century, convenience foods emerged as a sign of rapid urbanisation, accompanied by
changing priorities in traditional or typical family structures (Scholliers, 2015). This shift
also marked a growing consumer focus on time efficiency while maintaining food quality
(Harris & Shiptsova, 2007; Zhong & DeVoe, 2010). Gradually, food consumption patterns
further transitioned to reflect increased expectations regarding food quality and innovation
(Grunert, 2005).

As these expectations evolved, understanding consumer behaviour became increasingly
important for adapting to these changes and achieving market acceptance (Albertsen et
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al., 2020). To meet these shifting demands, modern consumer research typically relies on
systematic methods like qualitative and quantitative approaches, depending on the
objectives at hand. Quantitative research, for instance, focuses on measurable data that
can be analysed across larger populations (Payne & Wansink, 2011). Surveys are commonly
used to identify trends and preferences, allowing researchers to assess patterns such as the
willingness to pay or the popularity of certain brands and products. While these methods
provide statistically robust results, they may overlook factors impacting consumer
psychology such as impact of emotions and personal reasoning (Fischer & Guzel, 2023).

Qualitative methods, on the other hand, are useful for exploring the motivations and
attitudes underlying consumer behaviour (Spiggle, 1994). Techniques like focus groups and
interviews provide rich, detailed information about perceptions and preferences,
particularly those influenced by emotional and cultural factors. However, their smaller
sample sizes make generalising findings more challenging (Vicsek, 2010).

To fully understand the complexity of the research questions and their intersection with
consumer psychology, many studies integrate both qualitative and quantitative methods
to formulate a mixed-methods approach (Malina et al., 2011). Such approaches are
beneficial in identifying general trends and patterns and subsequently diving deeper into
the motivations and attitudes behind these behaviours (Kleih et al., 2022).

Currently, consumers expect their foods to prioritise health and nutrition (McCluskey,
2015; Duarte & Teixeira, 2021). There is also a strong emphasis on factors that drive
ethical and sustainable practices (Kuokkanen, H., & Sun, 2020) in the food processing
industry. This change in demand is particularly advocated by the overall increase in
awareness of global challenges and their impact on food systems such as climate change,
resource management and processing practices (Lusk & McCluskey, 2018; Lusk, 2019; Fang
et al., 2023; Peir6-Signes et al., 2022).

At the core of this paradigm lies the concept of sustainability in consumption patterns,
which gained significant traction at the 1992 UN Earth Summit in Rio and the subsequent
adoption of Agenda 21. At that time, the framework highlighted the critical balance
between meeting fundamental human needs while preserving environmental integrity. This
was when various sectors were evaluated for their environmental impact, with production
and consumption systems standing out prominently due to their contributions to
greenhouse gas emissions, water quality degradation, and biodiversity reduction (Grubb et
al., 1993; Reisch et al., 2013).

Despite recognising it as a challenge to sustainable consumption, progress towards
integrating sustainability into the development of sectors like food systems has been slow
and inconsistent, necessitating a more robust action plan from key players, including
governments and various stakeholders (Mensah, 2019).

Perhaps the biggest reason for this is the difficulty surrounding the complex definition
of what constitutes sustainable consumption parameters and the varying levels of consumer
engagement with it (Glavi¢ & Lukman, 2007; Sedlacko et al., 2013). Therefore, it is difficult
to overlook the significant impact consumers have on the products that the food industry
can potentially manufacture, place on market shelves, and ensure their success (Linnemann
et al., 2006; Bostrom & Klintman, 2019).

A growing point of consideration in measuring this impact is the shift observed in how
the majority of companies have transitioned from supply-driven models to demand-driven
ones, with consumer feedback being considered on multiple stages of the food supply chain
(Saitone & Sexton, 2017). This shift has also given rise to the need for transparency and
accountability, resulting in the emergence of the "farm to fork" concept (Donaldson, 2022).
At present, this is achieved through the implementation of procedures and practices to
ensure traceability in the food supply chain (Aung & Chang, 2014).
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The benefits of introducing traceability in the supply chain have been considerable, not
just for gaining consumer trust but also for establishing food safety. Traditionally
demonstrated by the use of barcodes and enhancements in barcode features, this system of
traceability has now progressed to the use of blockchain technologies in the food industry
(Fan et al., 2019; Chun-Ting, 2020).

These technological advancements have revolutionised the ability to trace products
through multiple operations in the supply chain. Specifically, they address key areas such
as tracking goods during transportation, ensuring transparency in information sharing, and
managing both in-house and outsourced production processes. They also play a critical role
in meeting food safety and quality requirements (Ringsberg, 2014).

In addition to improving operational efficiency, these technologies enable real-time
verification of production standards and provide clear insights into the local or regional
origins of food products. This level of traceability helps companies validate their claims
about ethical and sustainable practices, such as fair-trade certifications (Sun & Wang,
2019).

Such innovations further contribute to building consumer trust, provided that the
information is made available to consumers in an accessible manner. This enables
consumers to make informed decisions about the products they purchase (Zhang et al.,
2020; Lam et al., 2024). Table 1.1 provides a brief overview of the factors that currently
contribute to consumer trust in food systems, including transparency, source credibility,
perceived benefits and risks, and cultural and personal beliefs.

Table 1.1: Factors impacting consumer perception and trust on food-related matters.

Factor Importance Implementation

Transparency Consumers value clear, honest Provide detailed information on
communication about ingredients, websites, packaging, and marketing
production processes, and safety materials.
measures.

Source Credibility Information from trusted sources is Collaboration of researchers,

more likely to be accepted by businesses and policy-makers to
consumers. present information authentically.
Perceived Consumers weigh the perceived Communicate scientific evidence
Benefits and benefits and risks of food products. supporting safety and benefits,
Risks highlighting evidence and cases.
Ease of Simplifying complex information Use visual aids, bullet points, and
Understanding helps consumers make informed simple terms; employ interactive
decisions. media and tools.
Cultural and Personal values and cultural beliefs Tailor messages to align with the
Personal Beliefs significantly impact consumer values and beliefs of different
choices. consumer segments.
Past Experiences  Previous experiences with similar Outline past issues and
products or technologies can shape improvements transparently; take
current perceptions. quick action to address concerns.

This increase in awareness has also had a significant impact on the dietary choices of
consumers over time. Currently, diets relying heavily on plant-based options, such as
vegetarian and vegan diets, have become popular among consumers for their ethical and
environmental benefits (Hassoun et al., 2022). Emerging Climatarian dietary patterns focus
on foods with minimal carbon footprints, reflecting the growing consumer interest in
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reducing environmental impact through dietary choices (Dixon et al., 2023; Tilman &
Clark, 2014). Other dietary trends like flexitarian diets, which are still being refined and
clarified in terms of their definitions and what they constitute, have also gained popularity
as they avoid relying solely on red meat for protein content (Dagevos, 2021; Derbyshire,
2017).

Dietary lifestyles that do not depend solely on the consumption of traditional meat
sources for protein are often linked to better health and nutrition (Derbyshire, 2017; Fresan
& Sabaté, 2019). They not only address ethical and environmental concerns but also offer
several health benefits, which have been extensively documented in the literature. This link
was established primarily due to the issues and diseases associated with red meat
consumption, such as cardiovascular disease, diabetes, and, in certain cases, an increased
risk of mortality (Shi et al., 2023; Lippi et al., 2015; Pan et al., 2012; McAfee, 2010).
However, diets that completely omit animal proteins must be carefully balanced to meet
human nutritional needs, including adequate protein, vitamin B12, and omega-3 fatty acid
intake (Dagevos, 2021; Vogtschmidt et al., 2021; Craig, 2009; Derbyshire, 2017).

As a result, balanced dietary frameworks like the Mediterranean and Nordic diets have
gained popularity, reflecting the connection consumers make between their traditions and
health, particularly in Europe (Biggi et al., 2024; Micheelsen et al., 2013). Being more
similar in design than different, these dietary frameworks also contribute to the goal of
promoting sustainable consumption (Krznari¢ et al., 2021).

The Mediterranean dietary pattern, often called the MedDiet, was first introduced by
Ancel Keys in the 1960s. Simple traditional practices and the use of fresh ingredients
contribute to its nutritional effectiveness since it focuses on foods such as fruits, vegetables,
whole grains, nuts, olive oil, and moderate amounts of fish, with an emphasis on healthy
unsaturated fats. Over time, this diet has been linked to significant health benefits,
including lower risks of cardiovascular disease, cancer, and other chronic illnesses. The
MedDiet has also been shown to improve cholesterol levels, support better vascular health,
and reduce inflammation (Davis et al., 2015; Dernini & Berry, 2015; Estruch et al., 2018;
Becerra-Tomaés et al., 2020; Guasch-Ferré & Willett, 2021; et al., 2013; Martinez-Gonzélez
et al., 2015).

However, defining the MedDiet is not always straightforward. For instance,
recommendations for the amount of olive oil or vegetables to include can vary, making it
difficult to establish a standard version. Another challenge is making the MedDiet
accessible outside its native regions. Key ingredients, such as fresh produce and olive oil,
can be expensive or difficult to source, which can limit its adoption in different regions
(Biggi et al., 2024; Tsofliou et al., 2022).

The Nordic dietary framework, particularly the New Nordic Diet (NND), shares a
similar focus on sustainability and health. This diet emphasises whole grains, fatty fish,
root vegetables, and seasonal produce, with a focus on locally sourced, resource-efficient
foods. Inspired by the New Nordic Cuisine movement, the NND integrates health,
gastronomy, and sustainability into a cohesive lifestyle. Literature highlights the significant
health benefits of the NND, including improved cardiovascular health, reduced obesity,
and lower risks of chronic diseases such as type 2 diabetes. Initiatives like the OPUS project
have further supported the NND, promoting its high nutrient content and low
environmental impact (Adamsson et al., 2012; Mithril et al., 2012; Mithril et al., 2013;
Adamsson et al., 2014; Kanerva et al., 2014).

The diet also aligns with sustainability goals by advocating for locally grown and
organic foods (Meltzer et al., 2019). However, despite being a valuable dietary model, there
are challenges to its widespread adoption. Economic constraints and the limited availability
of key ingredients, particularly outside the Nordic region, remain significant barriers.
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Additionally, the reliance on region-specific foods, such as wild herbs or fish, raises
questions about its practicality in non-Nordic regions (Micheelsen et al., 2013; Leer, 2016).

Accompanying these dietary trends is a growing consumer preference for so-called
minimally processed and "clean label" products. The core concept behind these products is
the removal of artificial colours, flavours, preservatives, genetically modified organisms
(GMOs), and any other chemical additives to promote health-conscious and
environmentally sustainable consumption. Clean-label products cater to individuals
prioritising natural ingredients in their diets, focusing on quality and regional produce and
further include transparency, ethical sourcing, and environmental considerations to meet
the demands of modern consumers (Maruyama et al., 2021; Cao & Miao, 2023; Hsu et al.,
2023).

Modern dietary patterns have also evolved to include specialised certifications in
product labelling to reflect consumers’ growing demand for transparency and ethical
sourcing. A report by FMI and NIQ (2023) highlights that 76% of shoppers affirm the
significance of transparency from brands and manufacturers in 2023, reflecting a steady
rise from 72% in 2021 and 69% in 2018.

Certifications such as organic, non-GMO, and fair trade have become essential for food
industries aiming to demonstrate that their products are responsibly sourced and meet
ethical and environmental standards. For instance, fair trade certification, which indicates
that the product is responsibly sourced, farmed, and processed, also has a positive impact
on its perceived healthiness among consumers. In the case of organic certification, the
organic food label, indicating that the food is grown without synthetic pesticides or
fertilisers, is perceived by consumers as healthier and more nutritious (Drexler et al., 2018;
Janssen & Hamm, 2012; Annunziata et al., 2011).

One prominent certification scheme is the European quality schemes. These labelling
schemes, as shown in Figure 1.1, include some of the most important labels, such as
Protected Designation of Origin (PDO), Protected Geographical Indication (PGI), and
Traditional Speciality Guaranteed (TSG). These labels are globally associated with quality
products in Europe. Their aim plays a critical role in advancing these principles by
safeguarding authenticity, regional identity, and traditional practices (Becker, 2009;
Albuquerque et al., 2018; Glogovetan et al., 2022; Dias & Mendes, 2018).

Figure 1.1: EU Quality Schemes Labels (European Commission, 2020).

PDO certification is the most stringent category in the EU quality schemes because it
requires every stage of production, processing, and preparation to occur within a specific
geographic area (European Commission, 2020). For example, Parmigiano Reggiano, the
iconic Italian cheese, is PDO-certified, meaning it can only be produced in designated
provinces of Emilia-Romagna and Lombardy. This certification mandates that the cheese
be produced in accordance with traditional methods and use locally sourced ingredients
(Arfini et al., 2019). PGI certification is slightly less restrictive and states that at least one
phase of production, processing, or preparation must occur within a specific geographic
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area associated with its claim (European Commission, 2020). A well-known example is
Scottish Farmed Salmon, which carries the PGI label to signify its sourcing in the UK,
even if it is packed in other regions (UK Government, n.d.).

Literature has extensively covered the impact of PDO and PGI certification on
consumer willingness to purchase certified products. These certifications are often preferred
due to their perceived authenticity and strong connection to regional heritage. However,
competitive pricing and effective product presentation are two significant factors
influencing their purchasing decisions (Dafni & Likudis, 2024).

TSG certification, in contrast, focuses on protecting traditional recipes or production
methods regardless of geographic origin. For instance, Neapolitan pizza is a TSG-certified
dish which means that it would be made using traditional techniques like hand-stretching
the dough and baking it in a wood-fired oven, even if it is produced outside Naples (Stazio,
2021). Similarly, Belgian Gueuze Beer is a TSG-certified lambic-style beer known for its
unique brewing process of spontaneous fermentation (Avermaete & Vandermosten, 2016).

These certifications play an integral role in contributing to sustainable consumption
along with food authentication. PDO and PGI promote local production, reducing
transportation-related emissions and supporting regional economies. They also help
preserve biodiversity by encouraging traditional farming practices, such as the use of native
plant varieties or livestock breeds, which are often more resilient to local environmental
conditions (Becker, 2009; Albuquerque et al., 2018; Glogovetan et al., 2022; Dias & Mendes,
2018; European Commission, 2020).

Innovation, however, does not stop at packaging or labelling; it extends deeply into the
products themselves. As consumers increasingly seek food options that align with their
health, ethical, and environmental values, companies are rethinking the very foundations
of food development. A prominent example is the evolution of alternative proteins and
plant-based foods, which exemplify how brands are innovating not just in presentation but
also in addressing fundamental consumer demands (Aschemann-Witzel et al., 2021; Wild
et al., 2014).

The plant-based food revolution began with the dairy industry to meet the rising
demand for non-dairy alternatives (ProVeg International, n.d.). Brands like Oatly are at
the forefront of this shift by positioning itself as a case study for how brand-driven activism
can challenge traditional consumption, production, and policies while driving systemic
change. Oatly offers oat-based milk alternatives that cater to health-conscious consumers
and those seeking plant-based dietary options. It also promotes its products as having a
smaller carbon footprint compared to traditional dairy, positioning itself as
environmentally and socially responsible (Koch, 2020).

Leading the meat alternatives category are companies like Beyond Meat, Quorn, and
Impossible Foods, which offer plant-based burgers, sausages, and ground meat alternatives
designed to replicate the sensory experience of traditional meat (Business Wire, 2023).
These products aim to appeal not only to vegans but also to flexitarians and meat lovers.
For instance, Quorn products are made from a naturally occurring fungus called Fusarium
venenatum, while Impossible Foods has introduced groundbreaking techniques using heme,
an iron-containing molecule that mimics the flavour of meat (Quorn, n.d.; Impossible
Foods, n.d.).

As demand for plant-based options grows, major fast-food chains have also recognised
the need to adapt their menus. Companies like Burger King and McDonald’s have
partnered with Beyond Meat and Impossible Foods to integrate plant-based offerings into
their product lines. Burger King, for example, collaborated with Impossible Foods to launch
the Impossible Whopper, a plant-based version of its signature Whopper. Similarly,
McDonald’s introduced the McPlant burger in partnership with Beyond Meat to cater to
consumers seeking plant-based options (The Guardian, 2019; Mcdonald’s, n.d.).
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1.2 New Foods and Food Technologies

The evolution of food technologies reflects shifting priorities in addressing the increasingly
complex challenges of food security and sustainable consumption. In this context, food
security refers to the ability of every individual to access sufficient, safe, and nutritious
food. This goes hand in hand with the concept of sustainable consumption which ensures
that production, distribution and consumption of food meet needs of consumers without
compromising resources for future generations (Mc Carthy et al., 2018; Berry et al., 2015;
Premanandh, 2011).

This has become particularly challenging as the global population is projected to reach
approximately 10 billion by 2050. Global agricultural systems are already constrained by
the depletion of land and water resources. The effects of climate change have added further
stress to this equation. The pressure brought by this population growth highlights the need
to increase resilience across the entire food supply chain. It should be noted that this is not
just about increasing production volumes, but also about meeting dietary needs, addressing
nutritional deficiencies, and creating a food system that can adapt to changing global
demands (FAO, 2017; Fitton et al., 2019; Rockstrom et al., 2017; Fischer et al., 2002;
Pretty, 2018; Mrabet, 2023; Gillespie & van den Bold, 2017).

Historically, the development of food technologies has mirrored the evolving priorities
of societies. In the 19th and 20th centuries, innovations directed towards food preservation,
such as canning, freeze-drying, and food irradiation, emerged to meet the demands of
rapidly urbanising populations. These preservation methods extended food shelf life,
reduced waste, and improved accessibility, enabling urban centres to rely on safe and
durable food supplies. For example, irradiation extends shelf-life by eliminating pathogens
in food items that cannot be refrigerated or quickly transported due to any infrastructure
and logistical limitations (Rahman, 2020; Owusu-Apenten & Vieira, 2023; Shukla, 2011;
Farkas & Mohécsi-Farkas, 2011; Josephson, 1983).

In the 1980s and 1990s, advancements in biotechnology and genetic engineering shifted
the focus towards enhancing crop productivity and resilience. Genetically modified
organisms (GMOs) allowed precise modifications to crops and improved their resistance to
pests, diseases, and environmental stressors (Ronald, 2011; Chassy, 2007; Glass-O'Shea,
2021). Monsanto’s glyphosate-resistant crops, for instance, enabled farmers to manage
weeds more efficiently, reduce chemical inputs, and ensure stable yields while mitigating
environmental impacts (Green, 2009).

In addition to improving crop conditions, food technologies have played a vital role in
addressing health and nutrition. Moving beyond basic sustenance, biofortification
technologies have targeted dietary deficiencies, particularly in vulnerable populations.
Innovations such as iron-rich beans and zinc-enriched wheat demonstrate the potential of
food technologies to combat micronutrient deficiencies. A notable example is Golden Rice,
which is enriched with vitamin A and has been instrumental in preventing malnutrition-
related diseases like childhood blindness in developing countries (Bouis et al., 2003; Bouis
& Saltzman, 2017; Kumar et al., 2019; Shahzad et al., 2014).

The historical trajectory of food technologies underscores the importance of scientific
advancement and innovation in addressing global food-related priorities (Tian et al., 2016).
As the challenges facing the global food system become increasingly complex, the need to
prioritise the development of innovative food technologies has become more crucial to
meeting the needs of present and future generations.

Literature indicates that the food sector contributes approximately one-third of global
greenhouse gas emissions. Traditional livestock farming, for instance, is a leading cause of
deforestation, methane emissions, and water overuse. In the development of food
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technologies, this necessitates accounting for environmental impacts and ensuring they are
designed to address these issues (Gilbert, 2012; Clune et al., 2017; Garnett, 2009).

One approach to tackling this has been finding alternative sources of protein to reduce
dependence on traditional livestock farming. Thus, the concept of alternative protein
sources emerged to minimise this sector's environmental footprint without compromising
food security. Furthermore, the shift towards plant-based and cellular agriculture is a direct
response to the environmental pressures associated with traditional livestock farming
(Poore & Nemecek, 2018; He et al., 2020; Nyika et al., 2021).

Plant-based meat alternatives have gained significant interest as a promising substitute
for traditional meat, with many variants focusing on replicating the taste and texture that
appeal to consumers (Jang & Lee, 2024; Michel et al., 2021). Building on innovation in this
category, cellular agriculture takes a step further by cultivating animal proteins directly
from cells in controlled environments to produce cultured meat (Stephens et al., 2018).

The environmental advantages of these technologies extend beyond providing new
sources of protein to meet the global demand of nutrition. However, they need to be
evaluated carefully and comprehensively for their potential to address the ethical and
environmental concerns tied to traditional sources of meat (Van der Weele et al., 2019;
Shanmugam et al., 2023; Sinke et al., 2023).

Precision agriculture is another example of how digital tools can optimise use of
resources to aid sustainable consumption. Technologies based on Internet of Things (IoT)-
based automation such as GPS, drones, and data analytics can be used by producers and
farmers to monitor soil health, detect disease outbreaks early, and apply water and
fertilisers with precision. This not only improves productivity but also reduces resource
waste and mitigates pollution caused by agricultural runoff into water bodies (Shafi et al.,
2019; Gebbers & Adamchuk, 2010).

A key consideration in the development of any new food technology is its compliance
with public health safety standards (Henson & Heasman, 1998). This compliance is
regulated by robust frameworks that oversee the development and adoption of novel foods
and food technologies. Table 1.2 outlines countries and regions with prominent regulatory
bodies and their regulations for evaluating such food commodities (Good Food Institute,
2023; Good Food Institute APAC, n.d.; European Food Safety Authority, 2018; Food and
Drug Administration, 2022; Food and Drug Administration, n.d.; Food Standards Agency,
2024; Food Standards Agency, 2022; Good Food Institute Europe, 2024; Singapore Food
Agency, 2024; Keller and Heckman LLP, 2024; National People’s Congress of the People’s
Republic of China, 2011; Zmuni, 2022; Vegconomist, 2023; Food Safety Commission of
Japan, n.d.; Ministry of Food and Drug Safety, 2022; Health Canada, 2006; Food Standards
Australia New Zealand, 2022; Saudi Food and Drug Authority, 2021).

Table 1.2: Novel food regulations adopted by different countries/ regions.

Regulatory Body Country/ Region Regulation Year

European Food European Union Regulation (EU) Last reviewed on
Safety Authority 2015/2283 34 December 2024.
(EFSA)

Food and Drug United States No specific regulation — Case-by-case
Administration for novel foods. evaluation.

(FDA) Alternatives regulated Draft guidance on

under Federal Food, plant-based
Drug, and Cosmetic alternatives on 6
Act (FD&C Act) January 2025.
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Food Standards

United Kingdom

Regulation (EC)

Adopted in 2018.

Agency (FSA) 2017/2469 Plans to modernise
guidelines for meat
alternatives.

Singapore Food Singapore Novel Food Published in 2019.

Agency (SFA) Regulatory Food Safety and

Framework Security Bill (FSSB)
defines alternative
proteins.

National Centre for China Food Safety Law of Adopted in 2009.

Food Safety the People’s Republic  Last amendment in

Assessment (CFSA) of China April 2021. China's
General Principles for
Plant-Based Food
published in August
2021.

Food Safety Japan No fixed regulations Reviewed on case-by-

Commission of Japan
(FSCJ), Ministry of
Agriculture, Forestry
and Fisheries
(MAFF)

in place

case basis.

MAFF Food Tech
Study Group Interim
Report (2020) for

meat alternatives.

Ministry of Food and
Drug Safety (MFDS)

South Korea

Korean Food Code

Draft Amendment in
August 2023.
Enforced since 1*
January 2024.

Health Canada (HC)

Canada

Guidelines for the
Safety Assessment of
Novel Foods

Published in June
2006, last updated on
July 2022.

Food Standards
Australia New
Zealand (FSANZ)

Australia and New
Zealand

Australia New
Zealand Food
Standards Code
(Standards 1.1.1 and
1.5.1)

Guidelines published
in June 2022. Last
updated in 2024.

Saudi Food and Drug
Authority (SFDA)

Saudi Arabia

SFDA FD 5031:2020

Draft published in
December 2019.

Regulatory bodies, such as the EFSA and FSA, have established guidelines to assess

novel food products and food technologies. For example, EFSA operates under Regulation
(EU) 2015/2283, which defines novel foods as those not significantly consumed within the
EU prior to May 15, 1997. The FSA in the UK follows a similar process post-Brexit for
novel foods. With such regulation, there is a pre-market authorisation process for a
thorough risk assessment to evaluate the nutritional, toxicological, and allergenic properties
of each product being introduced to the market. Alternative proteins, including plant-based
products, edible insects, and cultured meat, fall under this framework (EFSA, 2018; FSA,
2024).

In the U.S., the FDA does not implement a strict guideline and evaluates alternative
proteins through a pre-market consultation process followed by a detailed scrutiny of the
product. Companies must provide comprehensive data on production methods, safety
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protocols, and the product's equivalence to conventional counterparts. For cell-culture-
derived meat (CCDM), however, the FDA requires more complete details and transparency
on the production phase, while the U.S. Department of Agriculture (USDA) manages
labelling (FDA, 2022).

It is important to note that many countries, including China, Singapore, and South
Korea, follow similar guidelines as FDA (Good Food Institute, 2023; Good Food Institute
APAC, n.d.). However, the presence of varying regulatory frameworks across nations often
adds complexity to the international trade in the food sector. Despite these differences, the
overarching goal of all regulatory bodies remains the same: to safeguard the health and
well-being of their citizens.

Having regulations and policies also influence the pace of innovation through research
funding, tax incentives, and public-private partnerships. Programmes like the European
Commission’s Horizon 2020 initiative and the UK’s Advanced Food Manufacturing
Innovation Fund have provided critical support for developing plant-based and cell-based
proteins, demonstrating how government investment can catalyse technological
breakthroughs (European Commission, 2020; UK Government, 2023).

Overly stringent regulations can also stifle innovation, while insufficient oversight risks
breaking public trust. Adaptive frameworks, such as regulatory sandboxes that allow for
controlled testing of novel technologies, offer a promising approach to addressing these
challenges (European Commission, 2020).

There is also a possibility of guidelines that could lead to global harmonisation of
standards, similar to the Codex Alimentarius by the Codex Alimentarius Commission.
Such guidelines could navigate the complexities of international trade and global food
supply chains (Codex Alimentarius, 2020).

1.2.1 Alternative Proteins

High levels of meat consumption in certain regions emphasises the need for sustainable
dietary alternatives (Font-i-Furnols, 2023; Van der Weele et al., 2019). Across over 20 EU
countries, EFSA reports that adults consume a median of 35 grams of meat daily, with
significant variation—ranging from 20 grams per day in Sweden to 237 grams in Austria
(Turesky, 2018; Lyon, 2014).

This widespread reliance on meat has raised substantial health and environmental
concerns. Regular red meat consumption is closely linked to chronic conditions such as
type 2 diabetes, cardiovascular disease, and certain cancers (Pan et al., 2012; Willett et
al., 2019; Ekmekcioglu et al., 2017).

As awareness of these risks grows, alternative proteins have emerged as a viable and
health-conscious solution. These alternatives typically contain lower levels of saturated fats
and cholesterol, making them a compelling choice for individuals looking to reduce their
red meat intake (Satija & Hu, 2018).

The urgency of finding sustainable food solutions is further underscored by global
population projections. By 2050, the planet is expected to host nearly 10 billion people,
necessitating a 70% increase in food production to meet growing demand. Protein, a
cornerstone of human nutrition, poses a particular challenge given the environmental toll
of traditional livestock farming. Livestock production has been linked to an increase in
greenhouse gas emissions, deforestation, land and water scarcity. These factors prompted
the search for alternatives that balance nutritional needs with ecological sustainability. In
this context, alternative protein sources such as plant-based proteins, CCDM, edible insects
are gaining momentum as innovative solutions that address food security, reduce ecological
impact, and align with ethical concerns regarding animal welfare (FAO, 2009; Boland et
al., 2013; Tilman & Clark, 2014; Henchion et al., 2017).
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Plant-based proteins, derived from sources such as soya, pea, and chickpea, are among
the most accessible alternatives to animal-derived proteins. These plant-based options offer
a rich nutritional profile, providing a good amount of essential amino acids, vitamins, and
minerals, while containing significantly lower levels of saturated fats than traditional meat
(Qin et al., 2022; Poore & Nemecek, 2018). The appeal of plant-based proteins has been
further bolstered by advancements in food technology allowing them to closely mimic the
sensory experience of meat. Improved extraction and texturisation techniques have
enhanced the taste and texture of plant-based products, thereby contributing increasing
consumer acceptance (Michel et al., 2021; Aschemann-Witzel et al., 2021; Onwezen et al.,
2021).

Beyond their nutritional benefits, plant-based proteins stand out for their
environmental efficiency. For instance, producing 100 grams of protein from peas requires
just 1.2 to 6.4 square metres of land, compared to 42 to 369 square metres for beef (Poore
& Nemecek, 2018). This stark difference illustrates the potential of plant-based alternatives
to alleviate deforestation, soil degradation, and water scarcity which are considered as key
challenges associated with traditional livestock farming (He et al., 2020; Gilbert, 2012;
Clune et al., 2017; Garnett, 2009).

Innovative products made from non-meat components that replicate the taste and
texture of meat align closely with the growing demand for animal-free, vegan, and
vegetarian alternatives. One notable example is mycoprotein, a single-cell protein rich in
protein and fibre while being low in fat. Fermentation-based proteins, including
mycoprotein and dairy substitutes, are produced by cultivating specific microbes to create
protein-rich foods. These fermentation processes are resource-efficient, requiring minimal
land, water, and energy compared to traditional animal farming (Ritala et al., 2017).

CCDM often referred to as lab-grown meat, represents a groundbreaking innovation in
sustainable food production. Through cultivating animal cells in a controlled laboratory
environment, CCDM produces real meat without the need for raising or slaughtering
animals. This process involves isolating animal cells and growing them in nutrient-rich
media, enabling the development of muscle tissue that is structurally identical to
conventional meat (Post, 2012; Tuomisto & Teixeira de Mattos, 2011; Rodriguez Escobar
et al., 2021).

The production of CCDM can be directly linked to ethical implications in terms of
animal welfare. It eliminates the need for industrial-scale animal farming which has been a
considerable topic of discussion and concern about animals being used for food (Treich,
2021).

While the technology is currently energy-intensive, ongoing research focuses on
integrating renewable energy sources and optimising cell growth conditions. A complete
life-cycle assessment is helpful in understanding all the challenges and opportunities
associated with CCDM (Sinke et al., 2023; Chriki et al., 2022).

With advancements in production methods, CCDM has the potential to substantially
lower greenhouse gas emissions and land use compared to traditional red meat farming. It
can also be beneficial in overcoming challenges related to antibiotic resistance and frequent
cases of disease in livestock. For instance, the incorporation of sustainable feedstocks, such
as blue-green algae, could further enhance its environmental profile (Aiking, 2014; Sinke et
al., 2023; Aiking & de Boer, 2020; Hocquette et al., 2022).

Edible insects such as crickets, mealworms, and black soldier flies are another
alternative with potential to become excellent traditional protein sources. Insects are rich
in protein, vitamins, and minerals which makes them a good source of nutrients required
for the human body. Their environmental impact is remarkably low, requiring minimal
land and water compared to livestock. For example, insect farming uses just 0.36 to 3.6
square metres of land per kilogram of biomass, compared to 23.1 square metres for beef.
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Furthermore, the carbon footprint of insect farming is as low as 0.3 kilograms of CO, per
kilogram of biomass (van Huis, 2013; Raheem et al., 2018).

Insects also excel in feed conversion efficiency. The black soldier fly, for instance, has a
feed conversion ratio (FCR) of 1.4 to 2.6. This value is substantially better than that of
cows, which have an FCR of 8.8 (Oonincx et al., 2019). Additionally, insect farming
generates minimal waste; by-products such as frass serve as effective organic fertilisers,
promoting sustainable agricultural practices (Hénault-Ethier et al., 2023).

Although consumer acceptance is a considerable barrier for insects, particularly in
Western markets where factors such as associated disgust and neophobia limit their
acceptance, However, the ecological and nutritional benefits of insect-based proteins make
them one of most viable alternatives to be incorporated in sustainable food systems (Deroy
et al., 2015; Onwezen et al., 2021; Verbeke, 2015; Smetana, 2023; Aiking, 2014; Heath et
al., 2024; Anusha Siddiqui et al., 2022).

Existing literature on alternative proteins offers valuable insights into how consumers
perceive CCDM, plant-based proteins, and edible insects (Hartmann & Siegrist, 2017,
Onwezen et al., 2021; de Oliveira Padilha et al., 2022). To build a comprehensive
understanding for this dissertation, a targeted search was conducted using the Scopus
database, with an emphasis on acceptance, preferences, and perceptions. The search query
included broad behavioural terms such as acceptance, preferences, willingness to buy, and
perceptions. It also covered specific alternative protein sources: cultured meat (e.g.,
"cultured meat," "in vitro meat," "synthetic meat"), plant-based proteins (e.g., pulses,
legumes, chickpeas, lentils, and beans), and edible insects. Table 1.3 presents a concise
overview of the motivations and barriers based on these findings.

Table 1.3: Overview of consumer perceptions towards alternative proteins.

Alternative Aspect Subcategory Overview of findings
Protein (Motivation/Barrier)

Source

Plant-Based  Motivation Health & High in protein and fibre, low
Proteins nutrition in cholesterol, appealing to

fitness enthusiasts, vegans, and
vegetarians globally.

Sustainability Considered eco-friendly, gaining
traction among environmental

advocates in Europe and Asia.

Convenience Ready-to-eat and easy-to-
prepare options resonate with
busy professionals and families
in urban markets worldwide.

Barrier Sensory Perceived as bland by
perceptions traditional eaters and children,
with acceptance varying based
on regional culinary habits.

Cultural Viewed as non-traditional in
resistance meat-centric cultures.
Allergies and Use of chemicals in form of
processing additives. Concerns about

overprocessing and allergens
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(e.g., soy) among health-
conscious consumers globally.

Edible

Insects

Motivation

Nutrition &
sustainability

High in protein and nutrients,
seen as sustainable, with
acceptance growing among
adventurous and eco-conscious
consumers in Southeast Asia
and Africa.

Novelty

Offers unique culinary
experiences, attracting younger,
open-minded individuals, with
increasing interest in Europe
and the United States.

Barrier

Sensory factors

Unfamiliar textures and
flavours lead to aversion,
especially among older
demographics in Western
cultures.

Cultural
resistance

Considered inappropriate for
consumption in Western
societies, contrasting with
normalised consumption in
Southeast Asia and Africa.

Accessibility &
scaling

Limited availability in
mainstream markets and
scalability challenges hinder
wider adoption, with

acceptance varying by region.

CCDM

Motivation

Health & safety

Seen as free from antibiotics
and diseases associated with
livestock, appealing to health-
conscious consumers,
particularly younger
demographics in Europe and
Asia.

Environmental

impact

Recognised for reducing
greenhouse gas emissions and
efficient resource use, attracting
environmental advocates,
especially in Europe and
Australia.

Ethical concerns

Aligns with the values of
vegans, vegetarians, and animal
welfare proponents globally,
avoiding animal slaughter.

Novelty

Valued for its innovative
concept, sparking curiosity
among tech-savvy and
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experimental eaters in urban
areas worldwide.

Barrier Natural and Perceived as overly artificial
unnatural with unknown long-term health
concerns effects, creating scepticism

among older and traditional
meat-eaters, particularly in
North America and parts of

Europe.
Cultural Facing cultural pushback from
resistance conventional meat-eaters in the

United States, the Middle East,
and traditional societies.

Economic High production costs and

accessibility limited market availability
deter price-sensitive consumers,
particularly in developing
regions.

These advantages of alternative proteins have appealed to a wide range of consumers
depending on what motivates them. For example, health-conscious consumers would be
drawn to the lower levels of cholesterol and saturated fats offered by alternative proteins
(Tso et al., 2020). Individuals who adopt sustainable practices would appreciate the
reduced resource use and environmental impact associated with these products (Hartmann
& Siegrist, 2017).

The ethical dimension of alternative proteins resonates strongly with consumers seeking
cruelty-free and humane options (Van der Weele et al., 2019; de Boer & Aiking, 2022).
Findings from Rehman et al. (2024) reinforced these motivations, as shown in Figure 1.2.

In response to consumer demand for healthier alternatives I 577

To promote consumption of sustainable alternatives I 40%
To meet consumer demand for sustainable products I (G
In response to the increase in food allergies and intolerances [N /1

To promote healthy eating alternatives I
Animal welfare I 387

Due to technological advancement, such as longer shelf life without... I NN 3/

To meet consumer demand for new / innovative foods IS 32X
|

To meet the demands for personalised nutrition

Reasons

To make more profit / use cheaper alternatives for ingredients for the same... IIININGGG 06/
For better sensory characteristics (appearance, smell, taste) 12%
Idonotknow /lamnotsure Wl 3%

Other: climate change, market opportunity, fooling customers Wl 1%

Proportion of respondents

Figure 1.2: Consumer perception of new alternative foods.

The results indicated that 57% of consumers believed health benefits drove the rise of
alternative proteins, while 49% attributed the trend to sustainability concerns. A notable
41% of consumers linked these foods to the promotion of healthier options and addressing
rising food allergies and intolerances. The results also showed that 30% of respondents
viewed personalised nutrition as a significant factor, reflecting the variety of dietary
preferences among consumers. Concerns about animal welfare were shared by 38% of
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participants, while 34% attributed the trend to technological advancements. Curiosity
about food innovation (32%) also played a role, as some consumers viewed alternative
proteins as an exciting opportunity to engage with modern food technologies (de Koning
et al., 2020; Circus & Robison, 2018; Hwang et al., 2020).

All of these factors highlighted how health, ethical values, and sustainability are shaping
food preferences today. Some consumers attributed the trend to profit motives through
cheaper ingredients (26%) and sensory characteristics (12%). A small percentage of
respondents were uncertain (3%) or linked the trend to climate change and marketing
strategies (1%). These findings underscored the growing consumer awareness of well-being,
environmental impact, and ethical issues.

Despite these compelling motivations, several barriers hinder the widespread adoption
of alternative proteins. While these products offer health and environmental benefits,
consumer preferences for taste, texture, and appearance present challenges. Many find that
plant-based proteins and lab-grown meat (i.e., CCDM) do not replicate the flavour and
mouthfeel of traditional meat, limiting their appeal (Chriki & Hocquette, 2020; Hartmann
& Siegrist, 2017; Michel et al., 2021). Economic accessibility is another issue, as the high
production costs associated with new technologies mean alternative proteins are often more
expensive than conventional meats, making them less accessible to a broader market
(Onwezen et al., 2020; Van Loo et al., 2020).

Cultural and social factors further influence consumer acceptance. CCDM, for example,
is particularly scrutinised due to its novel production methods. While some consumers are
drawn to the ethical and environmental benefits of lab-grown meat (i.e., CCDM), others
perceive it as artificial or unnatural, which conflicts with their preference for “clean” and
“natural” foods (Siegrist et al., 2018; Ribeiro et al., 2022).

Insect-based proteins similarly encounter cultural resistance, especially in Western
markets, where insects are not traditionally seen as food and may evoke aversion (Tan et
al., 2015; Wendin & Nyberg, 2021; Gere et al., 2017). These cultural factors are especially
challenging, as food habits and preferences are deeply rooted in cultural practices and social
norms, impacting acceptance and consumption choices significantly (Piha et al., 2018).

The regulatory landscape surrounding meat alternatives adds complexity to existing
barriers. In the European Union, CCDM and edible insects are classified as "novel foods".
This category is subjected to rigorous safety assessments and regulatory controls. For
example, only four insect species are currently approved under the EU’s Regulation (EU)
2015/2283, which allows companies in the EU to produce and market insect-based foods
(EFSA, 2018; Delgado Calvo-Flores et al., 2022; Heath et al., 2024).

Although the edible insect market is projected to reach 260,000 tonnes in the EU by
2030 (IPIFF, 2022), stringent regulatory frameworks could result in fewer insect-based
options being available, potentially causing distrust among consumers regarding their
safety (Science, Research and Evidence Directorate, 2022).

CCDM is another example of an alternative that has been constantly subjected to
changing regulations in the EU. For instance, while CCDM is banned in Italy, it is
scheduled for consumer trials in the Netherlands (Bambridge-Sutton, 2024; Southey, 2024).
This situation is not limited to the EU alone; the UK is another example of confusing
regulatory guidelines. Post-Brexit, the UK re-evaluated its regulations regarding novel
foods, resulting in additional hindrances for companies working on CCDM. These diverse
legal landscapes shape consumer perceptions, access, and familiarity with alternative
proteins.

Additionally, plant-based alternatives, while less controversial in production, face
labelling restrictions in the EU. Regulations such as (EU) 1169/2011 prohibit terms like
“sausage” or “burger” for plant-based products in some countries like France. It adds a
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layer of confusion and potentially reinforces negative perceptions that these products are
lesser or highly processed substitutes (Regulation (EU) 1169/2011; Southey, 2024).

Beyond cultural and regulatory issues, rapid market expansion has led to some
consumer scepticism. While a significant portion of the population supports alternative
proteins for health and sustainability reasons, others are wary of what they perceive as a
marketing trend primarily driven by corporate profit motives. Concerns about
greenwashing and exaggerated claims of health or environmental benefits contribute to a
gap between consumer awareness and acceptance (Devitt, 2024; Bryant, 2019; Ghvanidze
et al., 2016). This general scepticism is compounded by worries over unknown health risks
and food safety, particularly for CCDM and insects (Orsi et al., 2019).

Overcoming these challenges requires targeted strategies that emphasise transparency,
trust-building, and education. Clear communication about the health and environmental
benefits of alternative proteins is essential, particularly when addressing consumer doubts
about new technologies. Educational campaigns could help clarify the science, safety, and
benefits of these products, bridging the gap between awareness and understanding (Grasso
et al., 2019; Piha et al., 2018).

Digital tools like interactive infographics and videos can make the information about
production processes and sustainability accessible, especially for consumers interested in
knowing more about the origins and impact of their food (de Koning et al., 2020).

But an important question remains: How can these strategies be implemented
effectively across regions with distinct social, cultural, and economic landscapes? The
challenge lies in crafting adaptable approaches that genuinely address diverse consumer
needs and preferences, balancing innovation with insight into traditional food practices. As
policymakers and the food industry work towards a more sustainable and inclusive food
system, the journey to full acceptance of alternative proteins will require creative solutions
that resonate deeply with consumers' expectations and values, wherever they may be.

1.3 Role of Communication in Consumer Engagement

In today’s world, effective engagement is essential for maintaining impact and relevance;
therefore, communicating with consumers has become a cornerstone for businesses,
governments, and research organisations. Modern communication is no longer a one-sided
process; it usually involves a dynamic exchange where organisations actively listen to
feedback and adapt their approaches accordingly.

Adopting a two-way dialogue strategy strengthens connections with audiences to allow
businesses to influence purchasing decisions and foster brand loyalty. Similarly,
governments address public concerns and build support for policies while research
organisations use engagement to effectively share their findings and ensure their work
resonates with society. Crafting effective engagement strategies, however, requires careful
consideration of how information is presented, the clarity of key messages, and the
accessibility of feedback channels.

1.3.1 Effective Communication Strategies

The landscape of scientific communication serves as a vital bridge between communicating
complex technical information and the public's understanding of science. Effectively
translating scientific concepts into accessible and relatable language helps to build
awareness and trust in the information being shared. When the information communicated
resonates with the public, it not only enhances their understanding but also influences their
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decision-making and prompts actions that contribute to scientific progression and positive
outcomes for society in general (Durant et al., 1989; Ziman, 1991; Bonney et al., 2016).

In practice, effective scientific communication is challenging to achieve. Poorly designed
communication strategies can often lead to mistrust in scientific information. As shown in
Figure 1.3, this mistrust arises from various factors, including flaws in how information is
shared. Informational campaigns that rely on one-way communication methods often
overlook the audience's perspectives, specific information needs, and concerns. These
approaches, coupled with inaccessible channels at times, contribute to significant
knowledge gaps in the public's understanding of science, leaving room for alternative
narratives to take hold and spread misleading information. This information, often
misinformation or excess information, is damaging to the credibility of actual scientific
sources (Fischhoff & Scheufele, 2013; West & Bergstrom, 2021).

Informational campaigns EER Complex scientific content
[ | |
: .

¢ D

Inaccessible
channels

[ovisiimation Q. oxcess niomaion 3
' :
Credibility of sources

Mistrust in science

Figure 1.3: Factors contributing to mistrust in scientific communication (Own Illustration).

Misinformation, or in certain cases, excess information, has emerged as a formidable
challenge in today’s world. However, it is not possible to evaluate its source or its impact
without considering the rising use of digital platforms and their connection with the spread
of fake news, public understanding of science and trust in its content, information
ecosystems, and their outreach (Scheufele & Krause, 2019; Allgaier, 2016).

Topics such as GMOs causing cancer (Jiang & Fang, 2019) and climate change (Treen
et al., 2020) have been negatively influenced in public opinion through the use of adverse
campaigns amplified by social channels. The COVID-19 pandemic is a recent example of
the overwhelming consequences of unchecked information spread (Caceres et al., 2022).
The World Health Organisation revealed shocking impacts of misinformation, including
the hospitalisation of approximately 6,000 people and 800 deaths linked to false information
about treatments (World Health Organization, 2020).

The biggest and most ongoing impact, however, is on the concept of vaccination, which
has resulted in global health issues due to misinformation (AROUND & ARE, 2018). It
was estimated that more than 20% of adults demonstrated vaccine hesitancy during the
COVID-19 pandemic in the US and UK, often driven by social media misinformation
(Loomba et al., 2021). The BBC News reported instances of fear-mongering posts falsely
linking vaccines to infertility, significantly undermining public health efforts (BBC News,
2021).

Over time, researchers have raised concerns about the growing influence of social media
on science news, questioning whether the lack of online quality control poses a threat to
public trust in science (Weingart and Guenther, 2016; Weingart, 2023). Addressing these
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issues requires a sophisticated approach centred on transparency and proactive information
dissemination.

Successful communication strategies prioritise clarity, timeliness, and the
acknowledgment of scientific uncertainties. By being transparent and open, the public
perceives greater honesty and develops trust in the guidelines provided, as exemplified
during the COVID-19 pandemic (Lee & Li, 2021). The World Health Organisation’s
periodic guidelines, as part of their communication strategy during the pandemic,
demonstrated how effective communication can help curb a global crisis, considering its
impact and lethality (World Health Organization, 2020). Public health institutions such as
the US Centers for Disease Control and Prevention and the UK’s National Health Service
now provide detailed guidelines for the public regarding COVID-19 and vaccination to
counter the spread of misinformation (Centers for Disease Control and Prevention, 2024;
National Health Service, n.d.).

Multi-channel communication to address inaccessibility represents another critical
approach in contemporary scientific discourse (Moore et al., 1996). By disseminating
information across diverse platforms, organisations can reach broader audiences and create
multiple touchpoints for engagement (Bode & Vraga, 2017). Media literacy, understanding
misinformation, and recognising its elements are some examples of strategies that can help
control the spread of false information (Dame Adjin-Tettey, 2022).

The evolving nature of scientific communication continues to challenge and inspire
communicators, requiring them to adapt, empathise, and embrace innovative approaches
to sharing knowledge. Drawing inspiration from Bandura's social learning theory, which
suggests that people learn by observing (Bandura, 1969; Bandura, 1977), one such approach
is the use of narratives and personal experiences via storytelling.

Extensively discussed in the literature, storytelling is recognised as a powerful tool that
engages audiences on a psychological level, moving beyond traditional methods of
information delivery. It fosters familiarity and ensures that the content is both memorable
and impactful. In a scientific context, storytelling transforms complex concepts into
accessible and engaging narratives, resonating with a broader audience (Dahlstrom, 2014;
Avraamidou & Osborne, 2009; Picardi & Regina, 2008; Riesch, 2014).

The positive impact of narratives in building trust and promoting informed choices can
be seen in the pandemic communication strategies surrounding virus variants, particularly
in tackling misinformation and vaccine hesitancy (Elizabeth et al., 2023; Borah et al.,
2022). For example, the Tough Talks app, originally designed to support HIV disclosure,
was adapted to help young Black adults make informed decisions about COVID-19
vaccination. Through interactive storytelling, the app received a positive response to its
key messages regarding safety, autonomy, and social pressures (Stoner et al., 2022).

Another effective strategy in scientific communication is audience segmentation.
Research shows that different demographic groups have unique information needs and
preferences. For example, younger audiences are more likely to engage with visually
appealing content on platforms like Instagram and TikTok, while older populations often
prefer detailed and traditional formats. Tailoring communication methods to match these
preferences can increase the impact of scientific messages and encourage meaningful
engagement with scientific content (Auxier & Anderson, 2021; Taneja et al., 2012).

1.3.2 Digital Tools for Consumer Engagement

Science communication has undergone a significant transformation with the rise of digital
technologies. Literature highlights how these digital channels have created new
opportunities for scientific discussions on a global scale. As shown in Table 1.4, these
platforms are not just simple communication tools but dynamic ecosystems that facilitate
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detailed and interactive exchanges of scientific information. Over time, they have proven
invaluable in the dissemination and outreach of scientific knowledge, serving both scientists
and researchers as well as the public (Osterrieder, 2013; Collins et al., 2016; Jensen &
Gerber, 2020; Kouper, 2010; Davies & Hara, 2017; Drew, 2017; Chan-Olmsted & Wang,
2020; Berry, 2016; Barrios-O’Neill, 2018; Handley & Chapman, 2012; Garcia-Marin, 2020;
Boulos et al., 2006).

Table 1.4: Science communication tools and applications.

Tool Description Use in science communication

Social Media Broad audience reach with Share infographics and short videos;

Platforms real-time engagement and engage through comments, Q&As, and
interaction live discussions.

Websites and Blogs Comprehensive resources Publish detailed updates on
with in-depth articles and breakthroughs, research, and
expert insights summaries of complex topics.

Webinars and Live Direct interaction with Host interactive presentations on

Streams experts via Q&As and live climate change, health science, or
demonstrations emerging research areas.

Podcasts Accessible audio format for Share research insights, explain
discussions, interviews, and methodologies, and discuss societal
storytelling impacts through narratives.

Interactive Visual tools to simplify and Present climate data, biodiversity

Infographics and engage with complex data trends, or health issues in visually

Data Visualisation engaging formats.

Online Surveys and Collect public feedback and Assess public perceptions of scientific

Polls foster two-way engagement issues and gather feedback on

environmental or health topics.

Mobile Applications Personalised, interactive Share science-based tips, support
tools for learning and citizen science efforts, and provide
engagement environmental or health updates.

Social media platforms represent a pivotal innovation in scientific communication
strategies. Platforms like Twitter (Su et al., 2017), Youtube (Yang et al., 2022) offer more
than traditional broadcast mechanisms by creating sophisticated interactive spaces where
complex scientific concepts can be distilled into visually engaging, immediately accessible
content. Researchers can now share intricate infographics, short explanatory videos, and
live discussions that make scientific understanding more accessible, breaking down
traditional barriers between academic knowledge and public perception (Collins et al., 2016;
Osterrieder, 2013).

Websites and blogs have emerged as comprehensive knowledge repositories, providing
depth and context that traditional communication methods cannot achieve. Unlike static
academic publications, these digital platforms offer dynamic, continuously updated
resources that explain scientific breakthroughs in accessible language. They serve critical
functions of providing detailed articles, frequently asked questions, and expert perspectives
on complex topics, allowing readers to engage with scientific content at their own pace and
level of comprehension (Kouper, 2010; Davies & Hara, 2017).

Podcasting has revolutionised scientific communication by introducing narrative-driven
approaches to knowledge transmission. These audio platforms transcend traditional
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informational delivery by creating immersive storytelling experiences that humanise
scientific discourse. Shows like *Science Vs* and *Radiolab* demonstrate how complex
scientific concepts can be transformed into compelling, relatable narratives that engage
diverse audiences. The conversational format allows listeners to feel part of an intimate
discussion, making scientific information more approachable and memorable (MacKenzie,
2019; McClung & Johnson, 2010; Berry, 2016; Drew, 2017).

The effectiveness of podcasts lies in their unique ability to create emotional connections
with scientific content. By employing storytelling techniques, these platforms tap into
cognitive and emotional pathways that enhance information retention. Listeners experience
scientific discussions as personal journeys rather than abstract lectures, fostering deeper
engagement and understanding. The informal tone and narrative structure make complex
topics more accessible, breaking down intellectual barriers that often intimidate non-
specialist audiences (McHugh, 2010; Rehman et al., 2024).

Digital communication tools play a vital role in building institutional trust, which is
essential for effective science communication. Platforms like social media offer unparalleled
transparency, enabling scientific organisations to share not only their successes but also
their challenges and uncertainties. This approach presents science as a dynamic, evolving
process rather than a fixed set of facts. During the height of the pandemic, digital platforms
became indispensable for sharing real-time updates. Although instances of misinformation
occurred, these platforms were crucial for explaining evolving recommendations and
maintaining public confidence through open and transparent communication (Cinelli et al.,
2020; Goel & Gupta, 2020; Hantrais et al., 2021).

Interactive digital forums and online communities play a significant role in
democratising scientific communication. Platforms that allow anonymous posting provide
spaces where experts can engage directly with the public, answering questions and
addressing misconceptions in real time. These interactions are invaluable for uncovering
concerns that might otherwise go unnoticed, while offering unfiltered scientific reasoning.
Reddit, in particular, has gained credibility due to its large following and its commitment
to privacy. Due to its value, it has also become a popular dataset for social media research
to understand digital communication trends (Baumgartner et al., 2020; Fiske & Dupree,
2014).

The rise of mobile applications has introduced personalised, accessible scientific
communication strategies. These tools offer tailored scientific information, encourage
citizen science participation, and provide interactive learning experiences. By making
scientific content adaptable to individual user preferences and learning styles, mobile
applications represent the next frontier in inclusive scientific communication (Boulos et al.,
2006).

Leveraging the strengths of social media, websites, blogs, podcasts, interactive forums,
and mobile applications, scientific communication has become more inclusive, transparent,
and engaging. These platforms have simplified complex topics, reached diverse audiences,
and fostered active participation in scientific discourse.

While advancements in communication have successfully made widely applicable topics
like health issues and climate change more accessible (Garcia-Marin, 2020), a significant
gap remains in effectively addressing specialised sciences that may not have immediate
relevance to the public’s daily lives (Weingart et al., 2021). Bridging this gap requires a
deeper understanding of the audience, as well as the selection of the right digital tools for
this purpose.
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Aims and Hypothesis

As the global population approaches 10 billion by 2050, the demand for sustainable and
efficient protein sources has become a critical challenge. Meeting this demand requires
urgent action on multiple fronts to ensure adequate nutrition while simultaneously
combating climate change and preventing further depletion of natural resources (FAO,
2017; Rockstrom et al., 2017).

Sustainable consumption has emerged as a powerful concept to tackle these issues,
emphasising the need to find better sources of nutrition while reducing the burden on
existing systems. This shift has brought traditional livestock farming under scrutiny for its
significant environmental impact. Practices in this sector contribute extensively to
greenhouse gas emissions, deforestation, and the overuse of land and water resources (Poore
& Nemecek, 2018).

In response, the food industry has begun reimagining protein sources, leading to the
development of plant-based proteins, CCDM, and insect-based dishes. These alternatives
have the potential to mitigate ecological damage, fulfil nutritional needs, and address
ethical concerns regarding the use of animals for food and feed (Henchion et al., 2017; Qin
et al., 2022; Raheem et al., 2018).

Despite their potential, alternative proteins face considerable barriers that hinder
widespread adoption. Issues such as sensory limitations, higher costs, and cultural
resistance remain significant challenges (Hartmann & Siegrist, 2017; Onwezen et al., 2021).
Overcoming these barriers requires more than technological solutions; it necessitates the
acceptance of these innovations by consumers, who play a pivotal role in the success of any
product placed on the market.

Modern consumers are becoming increasingly aware of health, sustainability, and
ethical practices, shaping their expectations of food systems. However, this growing
awareness has not always translated into consistent purchasing decisions, as observed in
the case of alternative proteins (Orsi et al., 2019; Ghvanidze et al., 2016; Gere et al., 2017,
Cicatiello et al., 2016).

A major reason for this gap lies in consumer distrust, which has roots in past failures
in communication. For instance, food safety crises like the BSE outbreak eroded public
confidence by highlighting how limited transparency and the lack of independent research
resources can undermine trust (Rollin et al., 2011; Frewer & Salter, 2002).

This scepticism is further compounded when new foods and technologies are introduced.
History has shown that such innovations are often met with rejection, as seen in the case
of genetically modified (GM) foods, which faced significant backlash and economic losses
before achieving partial acceptance in certain markets (Lusk et al., 2014; Lusk &
McCluskey, 2018).
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Literature highlights that these behaviours are influenced by a multitude of factors,
including differences in age groups, socio-economic backgrounds, and how various
demographics perceive sustainability. These variations result in differing levels of interest
in sustainable foods and technologies (Grunert, 2005; Albertsen et al., 2020).

This gap in acceptance necessitates the development of targeted communication
strategies that build consumer trust and promote acceptance. Researchers have identified
several approaches that can be beneficial for this purpose, such as transparency in labelling
and initiating educational campaigns (Grasso et al., 2019; Piha et al., 2018).

However, communicating complex information on safety, quality, traceability, and
security and design complexities of food technologies in an accessible and relatable way
remains a significant challenge. Without clear and effective communication, many
consumers distrust the scientific information provided, even when it benefits them (Rollin
et al., 2011).

To address these issues, stakeholders in food production, including regulatory bodies
and companies, must adopt consumer-centred approaches (Linnemann et al., 2006;
Bostrom & Klintman, 2019). This involves aligning every aspect of production and research
with consumer expectations while ensuring these alignments reflect values such as
sustainability, health, and ethical practices (Lusk, 2019; Lusk & McCluskey, 2018). These
efforts could also help overcome the scepticism surrounding complex information and
technologies involved in food research (Bonney et al., 2016; Dahlstrom, 2014).

Communication tools must be accessible and engage individuals across all levels of the
food sector, ensuring authentic, clear, and transparent information-sharing practices (Rollin
et al., 2011; Sun & Wang, 2019). These tools will allow researchers to connect directly with
the public, share their opinions, and address consumer concerns. They will also enable
consumers to express their interests, clarify doubts, and understand the broader
implications of food production processes.

Additionally, the integration of digital media tools will open up opportunities for
companies to communicate more effectively with consumers, enabling them to gather
feedback and improve their products and services (Hung-Baesecke et al., 2016). Initiatives
that focus on sustainability and ethical consumption can further bridge the gap between
scientific advancements and public acceptance (Onwezen et al., 2021).

This dissertation aims to address these overarching challenges through a two-step plan.
The first step is to understand the diverse factors that influence consumer perceptions and
acceptance of new foods and food technologies. It seeks to uncover the motivations and
barriers shaping consumer behaviour, particularly with regard to alternative protein
sources, and to identify actionable strategies for building trust and fostering acceptance
(Hartmann & Siegrist, 2017; Van der Weele et al., 2019).

The second step is to evaluate the effectiveness of digital media tools, which have gained
prominence for their ability to engage consumers. Social media platforms, for instance, offer
opportunities to enhance scientific communication and connect with diverse audiences
(Collins et al., 2016; Osterrieder, 2013). Traditional methods such as email and phone calls
remain relevant but may be complemented by innovative tools like infographics, interactive
media, and storytelling to effectively convey complex information (Dahlstrom, 2014;
Bonney et al., 2016).

To achieve these objectives and ensure both depth and breadth in its findings, this
dissertation employed a comprehensive mixed-methods approach, integrating qualitative
and quantitative research methods (Palinkas et al., 2015; Malina et al., 2011). Quantitative
approaches, like surveys and questionnaires, were used to identify trends and preferences,
while qualitative approaches, such as interviews and focus groups, were designed to explore
underlying motivations and barriers. The outcomes from these discussions were
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instrumental in developing suggestions for improving consumer engagement with food
innovations (Spiggle, 1994; Fischer & Guzel, 2023).

The findings from this research have practical and strategic implications. They provide
guidance to various stakeholders in the field of food business and research to develop
effective communication strategies that address consumer demands and align with global
sustainability goals like the SDGs (Grubb et al., 1993; Reisch et al., 2013). These efforts
could eventually drive market uptake, create economic growth opportunities, and
contribute to the broader adoption of sustainable practices in the food sector (Kuokkanen
& Sun, 2020; Henchion et al., 2017).

Within this dissertation, the following hypotheses, formulated by identifying gaps in
the literature, were tested:

1. The influence of consumer awareness and understanding on the
acceptance of new foods and technologies.
Hypothesis: Increased awareness and understanding among consumers correlate
with a 20-30% higher acceptance rate of new foods and technologies.

2. The role of environmental considerations in shaping consumer
acceptance of new foods and technologies.
Hypothesis: Integrating sustainability-related benefits with other motivators can
increase consumer acceptance rates by at least 25%.

3. The impact of communication and engagement on increasing acceptance
of new foods and technologies.
Hypothesis: Active consumer engagement through digital communication tools, by
identifying barriers and developing strategies to address them, can enhance
acceptance rates by 10-20%.

2.1 Structure of the Scientific Part of the Thesis

This thesis is organised into two interrelated parts, as shown in Figure 2.1. Each part
addresses distinct yet complementary research questions. The first half focuses on
understanding consumer behaviour towards novel food technologies like alternative
proteins, edible insects, and sustainable diets. The second half shifts attention to the role
of digital communication tools, specifically podcasts, in enhancing public engagement with
complex scientific topics such as mass spectrometry. Both parts employ insights from
existing literature and a mixed-methods approach for primary research activities.
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Figure 2.1: Schematic overview of the thesis structure.

In Part I, the focus is on understanding how wvarious factors, such as health,
sustainability, and price, influence consumer acceptance of alternative proteins, edible
insects, and sustainable food choices. The research uses a mixed-methods approach,
combining quantitative surveys and qualitative focus groups to gain deeper insights into
the factors shaping consumer attitudes and behaviours.

A key study examines adherence to the Mediterranean diet (Biggi et al., 2024), revealing
that health and sustainability concerns are strong motivators. However, barriers such as
convenience and cost are more pronounced, particularly among younger populations.
Another study on consumer attitudes towards edible insects in Slovenia (Rehman & Ogrinc,
2024) uncovers barriers to insect consumption, despite insects being identified as an
excellent alternative protein source that could contribute to achieving SDG goals (Heath
et al., 2024).

A third study on alternative proteins across Europe (Rehman et al., 2024) highlights
that while sustainability remains important, health, sensory appeal, and price are more
significant drivers of consumer behaviour. Collectively, these studies underscore the
complexity of consumer decision-making and provide valuable insights into the motivations
and obstacles to the adoption of new food technologies.

The data collection process for this section involved developing an online questionnaire
inspired by the Alternative Proteins: Consumer Survey (Jarchlo & King, 2022), which was
distributed via social media platforms to ensure broad reach while adhering to strict privacy
and data protection standards. Additionally, focus groups were conducted following Breen’s
(2006) guidelines, using quota sampling to ensure a representative demographic. These
virtual sessions, held via Zoom, facilitated in-depth discussions, offering valuable
qualitative insights into consumer perceptions of novel food technologies.

Data analysis of the questionnaire responses was performed using descriptive statistics
in MS Excel and Power BI, with advanced parametric and non-parametric tests applied
using R to explore relationships in the data (Eftimov et al., 2017). The focus group
discussions were analysed using template analysis with MaxQDA software, as
recommended by Braun & Clarke (2006), to identify recurring themes and patterns in
consumer attitudes.
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In Part II, the thesis explores the role of digital communication tools, particularly
podcasts, in enhancing public engagement with science, specifically mass spectrometry.
Highly specialised fields such as mass spectrometry often struggle to communicate their
complex concepts to the general public. Mass spectrometry plays a vital role in food safety,
environmental monitoring, and pharmaceutical analysis (Ogrinc et al., 2005; Schonleben et
al., 2024; Kaufmann, 2011; Kovacic et al., 2023; Swales et al., 2019) but its technical nature
can make it difficult for non-specialists to grasp (Daughton, 2001).

Podcasts offer a unique opportunity to make such complex subjects more accessible and
engaging (Berry, 2016; Chan-Olmsted and Wang, 2020). This research involved creating a
series of four podcasts designed to explain the applications of mass spectrometry in various
fields. Each episode featured expert interviews and focused on real-world examples,
breaking down the technical aspects of mass spectrometry and demonstrating its relevance
to everyday life, particularly in food safety and environmental monitoring.

The podcasts were crafted to be conversational and informative, ensuring that the
content was not only scientifically accurate but also accessible to a broad audience. Data
collection for this part involved distributing a second questionnaire via LinkedIn, Twitter,
and other platforms to measure listeners' engagement and understanding of the scientific
content before and after listening to the podcasts. Additionally, semi-structured interviews
were conducted with selected listeners, providing deeper insights into their experiences and
perceptions of the podcasts.

The survey data were analysed using descriptive statistics in MS Excel to assess listener
preferences, engagement, and comprehension. The interview data were analysed through
thematic analysis (Braun & Clarke, 2006; Maguire & Delahunt, 2017), which helped
identify key themes, including listener preferences, understanding of the science, and
suggestions for improvement.

The findings suggest that the podcasts were successful in improving public
understanding of mass spectrometry, as discussed in Rehman et al. (2024). Many listeners
noted that the content was more engaging and easier to comprehend compared to
traditional scientific communication methods. This provides evidence that digital tools such
as podcasts can effectively engage the public with complex scientific topics.

Ethical Considerations

Ensuring confidentiality and informed consent was central to the ethical integrity of this
research. Throughout both parts of the study, strict adherence to ethical standards and
privacy protocols was maintained. All participants were informed of their rights prior to
completing questionnaires or participating in interviews and focus groups. Data were
securely handled in compliance with the guidelines outlined by the European Commission
(2013) and the Social Research Association (2021).
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Publications

3.1 Scientific Paper: “Is Sustainable Consumption a
Sufficient Motivator for Consumers to Adopt Meat
Alternatives? A Consumer Perspective on Plant-Based,
Cell-Culture-Derived, and Insect-Based Alternatives”

The paper entitled “Is Sustainable Consumption a Sufficient Motivator for Consumers to
Adopt Meat Alternatives? A Consumer Perspective on Plant-Based, Cell-Culture-Derived,
and Insect-Based Alternatives” by Nayyer Rehman, Victoria Edkins, and Nives Ogrinc is
presented in this chapter. I was responsible for designing the research framework,
conducting data collection through surveys and focus groups, performing statistical
analysis, interpreting consumer behaviour patterns, drafting the manuscript, and preparing
it for publication.

This article was published in Foods in 2024 and explores European consumer
perspectives on alternative protein sources such as plant-based, CCDM, and insect-based
proteins as potential substitutes for conventional meat. The study’s objective was to assess
whether sustainability concerns alone are sufficient to drive consumer adoption of these
alternatives, or if other factors, such as health benefits, sensory appeal, or price, play a
more significant role in influencing acceptance.

To capture comprehensive insights into consumer attitudes, a mixed-methods approach
was utilised as shown in Figure 3.1. The study began with a detailed questionnaire
distributed in the UK and Slovenia, selected for their contrasting regulatory environments
and high survey response rates. This was followed by focus group discussions conducted in
both countries, which allowed for a deeper understanding of the motivations and barriers
affecting consumer willingness to adopt alternative proteins. For the quantitative
component, 237 survey responses were collected, and data were analysed using descriptive
statistics and various inferential tests, including the Friedman test and post hoc
comparisons, to determine statistically significant differences in consumer motivations
across demographic variables. For the qualitative analysis, template analysis was applied
to focus group transcripts, providing a framework for identifying key themes related to
consumer preferences and barriers.
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Figure 3.1: Graphical abstract for alternative protein foods study (Own Illustration).

The study found that plant-based proteins were the most familiar and accepted
alternative, largely due to their availability and alignment with health-conscious
consumers. In contrast, cell-culture-derived and insect-based proteins faced notable
barriers, including perceptions of unnaturalness and lack of familiarity.

Although sustainability was a recognised motivator, health and nutrition were identified
as primary factors driving consumer decisions. Other influencing factors included price,
sensory characteristics, and a preference for minimally processed products. Based on these
insights, the study proposed actionable strategies to enhance consumer acceptance, such
as tailored educational campaigns, transparent labelling, and product positioning that
aligns with consumer values.

The work has been presented in various academic settings, including an oral
presentation at the 2024 TUFoST Conference. Additionally, preliminary findings were
shared as a poster at the 2nd ISO-FOOD Symposium: ISO-FOOD from Food Sources to
Health, held in Portoroz, Slovenia, in 2023. This research contributes to the growing
literature on consumer studies in alternative proteins to offer critical insights for
policymakers and food industry stakeholders aiming to improve the acceptance of
sustainable protein options across diverse European markets.
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Abstract: This study investigates consumer preference and acceptance of three meat alternatives—
plant-based, lab-grown, and insect-based—as sustainable choices to meet the demands of a growing
population and evolving food systems. Insights were gathered from European consumers regarding
their perceptions and consumption patterns using a mixed-methods approach. The approach em-
ployed a questionnaire followed by focus group discussions conducted in Slovenia and the UK to
understand the motivations and barriers behind their responses. The UK and Slovenia were chosen as
they provided the highest response rates to the questionnaire and they have differing legislation. The
results show that plant-based alternatives are the most familiar and accepted option, while lab-grown
meat and insect-based products are less familiar and have lower acceptance rates. Moreover, they
show that although sustainability factors are important to consumers, they are not their only concern;
health and nutrition are the primary motivators for choosing meat alternatives. These are followed
closely by sensory appeal, pricing, and a preference for natural, minimally processed options. Based
on insights from the focus groups, strategies to overcome the barriers to the acceptance of meat
alternatives should include targeted product categorisation and placement, educational campaigns,
effective use of media, and greater transparency in product information.

Keywords: consumer perception; consumer acceptance; alternative proteins; cell-culture-derived
meat; edible insects; plant-based meat

1. Introduction

With the projected global population set to reach 10 billion by 2050, it is crucial to
increase food production by 70% to meet the growing demand, particularly for protein [1,2].
A solution to this challenge has emerged in the form of protein sources derived from plants,
microorganisms, insects, or cultivated in laboratories. These food sources, often referred to
as “alternative protein sources to meat’, ‘alternative proteins’, or ‘meat alternatives’, have
gained attention as a promising solution to address the challenges posed by the rapidly
expanding global population [3-5].

Alternative protein sources, such as insects, are recognised as sustainable solutions to
the environmental issues associated with high meat consumption [6-8]. Insect production
has been found to require significantly less land, using only 0.36 to 3.6 m? per kg of
biomass compared to 23.1 m? for beef, 4.64 m? for chicken, and 1.48 m? for standard feed.
Additionally, it has a lower carbon footprint, with emissions averaging just 0.3 to 3.0 kg of
CO; equivalents per kg of biomass [9].

Insects also show more efficient feed conversion ratios (FCRs) than traditional livestock,
meaning they can convert feed into edible meat more effectively, using fewer resources for
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the same amount of protein. For instance, the FCRs of the black soldier fly (1.4 to 2.6) and
the yellow mealworm (3.8 to 6.1) are much more efficient than for cows (8.8) [10].

Frass, the primary by-product of insect farming, is an effective organic fertiliser that
can enhance soil fertility. Using frass could reduce reliance on chemical fertilisers, which
are linked to water pollution and soil acidification, and contribute to a minimal waste and
emissions profile of insect farming [11]. These benefits make insects a viable and sustainable
alternative to conventional meat production, requiring less land and water and exhibiting
rapid growth rates, making them an appealing option for sustainable agriculture [12,13].

The environmentally friendly aspect of cell-cultured-derived meat (herein referred to
as CCDM) has been a topic of debate due to its production process. CCDM is developed in a
laboratory by harvesting animal cells and cultivating them in a controlled environment [14],
which requires significant energy. However, a proper life cycle assessment of CCDM has
not yet been conducted due to the lack of information about the processes and materials
involved, complicating the understanding of its environmental impacts. Despite the
current limitations, CCDM is suggested to have the potential to be more environmentally
friendly than conventional meat products, especially if sustainable energy sources are
employed [15]. For instance, using renewable energy during production could lower
the impact of greenhouse gas emissions compared to beef production. Currently, these
emissions are expected to be similar to those of conventional poultry farms and, in some
cases, higher than those of efficient poultry systems [16].

The land use for producing CCDM varies based on the feedstock sources that provide
nutrients to the cells. Using efficient systems, such as those involving blue-green algae, can
make CCDM require less land than beef and chicken [17]. However, the benefits are less
predictable when traditional feeds such as soya and maize are used [18]. The biggest reason
for CCDM gaining traction is as a humane alternative to slaughtering whole animals,
thereby promoting animal welfare and establishing ethical alternatives for consuming
traditional meat products [19].

Plant-based alternatives can also positively impact the environment and animal wel-
fare. For instance, Poore and Namecek [20] found that peas are a more efficient protein
source to grow, requiring less land (1.2-6.4 m? per 100 g of protein) in comparison to beef
(42-369 m? per 100 g of protein) and poultry (3.8-9.2 m? per 100 g of protein) production.

The European Food Safety Authority (EFSA) concluded that the median mean meat
consumption for adults in over 20 EU member states was 35 g/day. At the 95th percentile,
meat consumption varied from 20 g/day (21% of Swedish consumers) to 237 g/day (88%
of Austrian consumers) [21]. This widespread consumption raises concerns for individuals
who regularly consume red meat as it has been associated with chronic health conditions
such as type 2 diabetes, cardiovascular disease, colorectal cancer, and other forms of cancer,
which in some cases may lead to mortality. Conversely, alternative proteins have been
found to provide improved nutritional quality and lower levels of saturated fats and
cholesterol, thus offering significant health benefits [22,23]. According to a 2019 global
survey, 40% of consumers are trying to reduce their intake of animal proteins, and 10%
avoid red meat altogether. With an increasing number of people looking to cut down on
meat and embrace vegetarian or vegan lifestyles, meat alternatives offer a practical solution
to cater to different dietary preferences [24].

Although existing research on the acceptance of alternative proteins yields substantial
data on consumer perspectives, willingness to adopt these products, and the influencing
factors such as taste, texture, price, health benefits, environmental sustainability, and the
impact of social and cultural influences on consumption habits [3,25-34], the market share
of meat substitutes remain low [35,36]. To better understand this reluctance to adopt
alternative proteins, it requires a deeper understanding of consumer perceptions and
attitudes, and how these factor into their evaluation of the benefits or potential risks of
switching to alternative proteins or reducing their traditional meat consumption, and thus
their role in their decision to include these products in the diet [37-39].
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Siegrist et al. [40] suggest engaging directly with consumers and actively seeking their
input to design campaigns and develop strategies based on consumer preferences and
concerns, to address the challenge of consumer acceptance. This approach not only assists
in identifying specific consumer groups and developing tailored strategies for them [41,42]
but it also raises the intriguing question of how people’s opinions might differ in regions
with similar geographical locations but differing legal frameworks.

In the European Union (EU), four insect species (yellow mealworm, migratory lo-
cust, house cricket, and lesser mealworm) are currently classified as novel foods under
Regulation (EU) 2015/2283 [43,44]. As a result of this classification, insect-based foods
have become increasingly common in many EU countries, resulting in sales of around
500 tonnes in 2019, and are expected to reach approximately 260,000 tonnes by 2030 [45].
However, the situation differs in the UK, where regulations for novel foods have had
to be re-evaluated in the post-Brexit era, leading to adverse effects on manufacturers of
insect-based products [46]. These regulatory adjustments have impacted the availability
of such foods in supermarkets, potentially rendering them unfamiliar to consumers in
this country.

On the other hand, CCDM has also been the subject of debate regarding its production
process and has had varying official statements in the UK and different regulations within
the EU. For example, while it has been entirely banned in Italy [47], CCDM burgers are al-
ready scheduled for government-approved consumer tasting trials in the Netherlands [48].

In contrast, plant-based alternatives have encountered minimal production and safety
concerns in Europe, where the plant-based food market is expected to grow at a CAGR of
10.1% from 2022 to 2029 [49]. Their primary challenge lies in labelling restrictions, such
as the guidelines laid out in Regulation (EU) 1169/2011 regarding accurate labelling of
ingredients and whether the product is of animal or plant origin [50]. As a result, plant-
based manufacturers in France, for example, have been prohibited from using terms like
“sausage” and “steak” for their products [51].

Despite numerous studies that examined consumer perceptions of alternative proteins
and provided valuable insights for intervention strategies [39], consumers continue to reject
these options, a sentiment reflected in their purchasing behaviour [52-56]. In addition, the
existing literature provides limited insight into the factors that influence the acceptance of
different alternative protein sources when compared to one another. This study addresses
precisely that by placing consumers at the centre of the discussion of these barriers to
consumption, engaging them to develop strategies that will yield results that prioritise
consumer inputs, and assessing key differences in how consumers view acceptance of
different meat alternatives.

The aim of this study is threefold: to assess current consumer perceptions and motiva-
tions towards alternative protein sources to meat and, subsequently, to evaluate whether
sustainability-related factors alone motivate consumers to switch to these meat alternatives;
then, finally, to understand how the source of alternative proteins can affect consumer
perceptions, motivations, and barriers. With those purposes, this study selected three
different types of alternative proteins, each originating from a different source: plant-based
foods, edible insects and insect-based foods, and CCDM.

Additionally, this study examines the barriers preventing consumers from choosing
alternative protein sources, and provides practical recommendations to address these
barriers based on direct consumer insights. It must be considered that the availability of
products and, by extension, consumer perception of these products in a country are highly
dependent on its regulations [57]. For a meaningful comparison, two European countries
with the highest response rates and differing regulatory environments were selected to
understand the differences in opinions that can arise due to geographical location: Slovenia,
falling under the EU jurisdiction, and the UK, which does not.

By employing both qualitative and quantitative approaches, we aim to enhance our
understanding and corroborate our findings on consumer perceptions, motivations, and
barriers, which will assist food companies, retailers, and policymakers in identifying
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specific population segments more inclined to try alternative meat products and those who
are not, enabling them to tailor communication and marketing efforts and bridge the gap
between consumer awareness and acceptance of alternative protein sources to meat.

2. Materials and Methods

This study employed a two-stage, mixed-methods approach to address the identified
research gaps, including a questionnaire and focus groups. Participants were provided
with clear guidelines regarding data processing and confidentiality in accordance with
the GDPR guidelines [58]. Since this study required voluntary participation, participants
were requested to consent before attempting the questionnaire or participating in the focus
group discussions. No personal information was collected, and all ethical practices were
rigorously followed to ensure anonymity. This study also strictly adhered to the principles
outlined in the European Commission’s Ethics for Researchers [59] and the Social Research
Association (SRA)’s Ethical Guidelines for Social Research [60].

2.1. Questionnaire Design and Data Collection and Analysis

The questionnaire (Supplementary Materials), designed to identify factors influencing
consumer perception and purchasing behaviour of alternative protein sources to meat in
Europe, was created on the Typeform survey platform. The questionnaire began by com-
municating privacy and data protection guidelines to participants, followed by questions
on demographic information, including age, country of residence, sex, and education level.

The questionnaire’s core components were derived from the ‘Alternative Proteins:
Consumer Survey’ report [61] and adapted to meet this study’s requirements, incorporating
insights from experts within the institute specialising in this field. The questionnaire
was structured in four sections. The first section focused on identifying the key factors
influencing grocery purchasing decisions, aiming to gather insights into the drivers behind
consumers’ choices. In the second section, respondents were asked why they believed
alternative protein sources had been introduced to the market, assessing their existing
perceptions of these foods, while section three aimed to measure respondent awareness
of various alternative protein options available in the market. The final section consisted
of eight questions exploring safety perceptions and consumption habits for plant-based
alternatives, edible insects, and CCDM. It is important to note that CCDM is still in the
experimental development phase in European countries; thus, it is not yet available to
supermarket consumers. The questions for this category were adapted accordingly.

Before the virtual distribution of the questionnaire, two test sessions were conducted
with colleagues to ensure the questionnaire’s accessibility for collecting online responses.
After that, the questionnaire was distributed through official social media profiles on
LinkedIn and Twitter.

The questionnaire did not include specific screening criteria. From August to October
2022, two hundred and forty responses (N = 240) were received. Three responses were
omitted due to incomplete information; therefore, two hundred and thirty-seven (N = 237)
were used for the analysis. Using MS Excel and Power BI, descriptive statistics were applied
to analyse the responses obtained from the questionnaire’s categorical variables, following
the guidelines provided by Spriestersbach et al. [62]. Graphical representations were used
to facilitate the interpretation of findings, identify patterns, and gain insights from the
collected data.

The collected data were analysed using the R statistical package (version 4.1.2). The
objective was to see if there were statistical differences between the responses collected
for factors impacting consumer purchases and consumer perceptions of why new alterna-
tive protein sources are introduced to the market across different age groups, educational
attainment levels, and countries of residence (UK, Slovenia, and Others). The required
conditions for the safe use of the parametric test were first checked to select the appropriate
statistical test for each dataset (i.e., normality of each data sample involved in the compari-
son, independence, and the homoscedasticity of the variance) using the guidelines set by
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Eftimov et al. [63]. In this case, the questions were unrelated and were independent. The
normality condition was checked using the Shapiro-Wilk test, while the homoscedastic-
ity of the variance was checked by Levene’s test. A non-parametric test was selected if
either condition was not satisfied. It is also important to note that all the cases dealt with
paired samples.

The results of selected statistical tests for each dataset are shown separately, together
with the obtained p-values. A p-value below 0.05 indicated a statistically significant dif-
ference. In cases when the Friedman test revealed a statistically significant difference, the
groups responsible for that difference were determined using an all vs. all post hoc proce-
dure (Nemenyi test). The results of this test were then used to plot the Critical Difference
(CD) diagrams. In each CD diagram, groups where p < 0.05, i.e., no statistical difference,
are connected by a bold line.

Pearson correlation coefficients were calculated to assess the linear relationship be-
tween variables in multiple-choice questions, ranging from —1 (indicating a strong negative
correlation) to +1 (indicating a strong positive correlation). P-values have been omitted
due to space constraints, as the coefficients offer substantial insight into the strength and
direction of the correlations.

The CHAID (Chi-squared Automatic Interaction Detection) method was employed to
analyse data on the frequency of consumption of meat alternatives across demographic
segments [64,65]. The analysis was structured into multiple decision nodes, each validated
by significant Chi-square values. Demographic variables such as educational attainment,
gender, and age group served as independent variables in relation to the dependent
variable—the frequency of consuming these alternatives. Following the validation of pre-
requisites for Chi-square analysis, it was determined that the method could effectively
evaluate the consumption patterns of plant-based alternatives. Due to insufficient re-
sponses, insect-based alternatives failed to meet the necessary conditions for CHAID
analysis, specifically for the ‘often” and ‘very often’ categories.

2.2. Focus Group Design, Conduct, and Analysis

Focus groups were conducted using Breen’s [66] guidelines, with the moderator
introducing the topic and setting the ground rules to ensure a respectful exchange and
decorum amongst participants.

For each focus group conducted in the UK and Slovenia, purposive sampling was
employed to recruit a diverse group of six individuals (N = 12) to gather the opinions of
different age groups and educational backgrounds [67,68]. An equal distribution of male
and female participants was maintained within each group for a standardised composition.
These virtual discussions were conducted over Zoom from March to April 2023, lasting ap-
proximately 90 min each. Throughout each session, participants were actively encouraged
to express their thoughts and perceptions in response to the prompts and questions shown
in Table 1.

The focus group discussions were transcribed and analysed using MaxQDA, and
template analysis was applied to identify, organise, and interpret key themes, patterns, and
concepts from the data [69-71].

Table 1. Focus group discussion segments and prompts.

Segments Prompts

Self-introduction and dietary habits
Introduction Usual protein sources in the diet
Understanding of alternative proteins

Experience with meat substitutes
Reasons for interest
Motivation Positive experiences
Understanding the benefits of alternative protein sources to meat
Personal preferences
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Table 1. Cont.

Segments Prompts

Negative experiences
Concerns about physiochemical properties such as taste and texture
Concerns about plant alternatives
Barriers Concerns about insects
Concerns about cell-culture-derived meat
Other concerns related to availability and affordability
Personal preferences

Opinion on existing strategies/campaigns
Suggestions for industry and government

Suggestions ;
88 Suggestions that would work for other consumers
Impact of addressing barriers
Wrap-up Final t.houghts fr(?m pammpz?nts )
Questions regarding alternative protein sources to meat
3. Results

3.1. Demographic Characteristics

Table 2 presents the demographic characteristics of the questionnaire respondents. The
data shows a greater proportion of respondents in the two younger age groups (16-25 and
26-35) who had higher education degrees and identified as female. Regarding countries,
responses from the UK and Slovenia are displayed, as these countries had higher response
rates than other European countries. Responses from other European countries have
been aggregated under the ‘Others’ category to facilitate interpretation when comparing
responses with those from the UK and Slovenia. These responses were collected from
Germany (14%), Belgium (6%), Sweden (5%), Italy (3%), the Netherlands (2%), less than
2% each from Spain, Greece, France, and Switzerland, and less than 0.5% from Austria
and Norway.

Table 2. Demographic characteristics of questionnaire respondents (%; N = 237).

Demographics % of Sample
Sex
Female 67%
Male 33%
Age group (in years)
16-25 24%
26-35 41%
3645 13%
46-55 14%
56-65 5%
66-75 3%
Educational attainment
Doctoral degree 15%
Master’s degree 34%
Bachelor’s degree 19%
College/University/Level 3 (UK) diploma 13%
Vocational training / Apprenticeship 7%
Secondary school /High school diploma 12%
Country of residence
UK 33%
Slovenia 32%

Others 35%
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After the questionnaire, two focus groups were conducted, each with six participants
(N =6). In the UK focus group, participants were evenly distributed across age groups: one
from the 16-25, 26-35, 46-55, and 5665 groups and two from the 3645 group. Similarly,
the Slovenian focus group included one participant each from the 16-25, 36-45, 46-55, and
56-65 groups and two from the 26-35 group. Both focus groups maintained an equitable
male-female ratio, with three males and three females in each group.

3.2. Factors Affecting Consumer Food Purchases

Figure 1 shows the factors that influence food purchases. Respondents had the op-
portunity to select multiple answers relevant to their decision. The results show that
‘healthy and nutritious’ (76%) was cited as the most important factor, followed by ‘sen-
sory appeal” (63%), which includes appearance, taste, and smell. The third and fourth
factors, ‘priced better than others’ (59%) and ‘natural or minimally processed’ (57%), were
similarly selected.

Proportion of respondents

Figure 1. Bar graph showing factors affecting consumer purchase decisions for food items (%;
N =237).

‘Environmentally friendly’ (44%) ranked fifth, followed by ‘convenience’ (33%), ‘ani-
mal welfare’ (32%), and ‘liked by the majority of family members’, which was selected by
27% of the respondents. Factors indicating the influence of media and demand for new
or innovative products received lower percentages at 16% and 14%, respectively, and less
than 0.5% of respondents selected ‘I do not know’ or ‘I am not sure’.

Table 3 shows the analysis of these variables in relation to demographic variables. Age
(p < 0.001; p < 0.05) and educational attainment levels (p < 0.001; p < 0.05) have a higher
level of statistical significance, while the country of residence (p = 0.02; p < 0.05) exhibits a
lower level of statistical significance. In comparison, the assessment of factors with respect
to sexes (p = 0.06; p > 0.05) indicates no statistical significance.

Table 3. Summary of statistical analysis results on factors affecting consumer food purchases.

Variables Methods p-Values
Age Friedman <0.001 (9.61 x 10~8)
Country of residence Friedman 0.02
Education Friedman <0.001 (2.73 x 10~%)
Gender Wilcoxon Signed-Rank 0.06

Statistical significance is determined at « = 0.05 level.

Figure 2a presents the Critical Difference (CD) diagram of the Friedman/Nemenyi test
for factors impacting food purchases across different age groups. Significant differences
were found between 26-35 years and 3645, 5665, and 66-75 years, as well as between

35



36

Foods 2024, 13, 1627

Chapter 3. Publications

8of 28

16-25 years and 56-65 and 66-75 years. These differences indicate a generational divide,
with younger groups (16-35 years) prioritising pricing and marketing, while older groups
(56-75 years) emphasise appearance and a preference for natural or minimally processed
options. The analysis revealed no statistical difference in preferences between the following
age groups: 26-35 years and both 16-25 and 46-55 years; 16-25 years and both 3645 and
46-55 years; and 46-55 years and 66-75 years. These similarities suggest shared behaviours
and preferences within these age groups.

26-35years-old

16.25-yvars-old

46-55-years-old

(@)

(] <
—_—
5 4 1 2 s ‘ s . ; 2 B
1 ] L 1 1 1 1 I 1 |
Masters — Diploma-Clg
Others Stovenia
B it Bachekors. HS
66-75-ypars-olc Doctorsl —————————J L viage UK
(b) (0)

Figure 2. (a) CD diagram of the Friedman/Nemenyi test for factors affecting food purchases across
different age groups. (b) CD diagram of the Friedman/Nemenyi test for factors affecting food
purchases across different educational attainment groups. (c) CD diagram of the Friedman/Nemenyi
test for factors affecting food purchases across the UK, Slovenia, and countries under the ‘Others’
category. (a—c) Groups are ranked from left to right based on the level of their influence on factors
affecting consumer food purchases (higher rank means higher influence). Bold lines indicate no
significant difference between connected groups (p < 0.05). The CD line at the top shows the threshold
for statistical significance; differences exceeding this line are significant.

Figure 2b presents a Critical Difference (CD) diagram of the Friedman/Nemenyi
test for factors impacting food purchases across different educational attainment groups.
These groups are denoted as HS (Secondary school/High school diploma), VT-Appr (Voca-
tional training/ Apprenticeship), Diploma-Clg (College/University/Level 3 (UK) diploma),
Bachelors (bachelor’s degree), Masters (master’s degree), and Doctoral (Doctoral degree).
Significant differences were identified between Masters and Diploma-Clg, Masters and HS,
Masters and VT-Appr, and Bachelors and VT-Appr. These findings suggest that higher
educational attainment is associated with a stronger preference for ‘healthy and nutritious’,

‘natural or minimally processed’, and ‘environmentally friendly’ foods. No statistical differ-

ence in preferences was observed between other groups. The lack of significant differences
between other groups could be due to overlapping socio-economic factors that influence
behaviour and preferences similarly across different educational levels.

Figure 2c presents a Critical Difference (CD) diagram of the Friedman/Nemenyi test
for factors impacting food purchases across different countries. A significant difference was
found between Slovenia and Others, with Slovenian respondents placing more emphasis
on pricing, sensory characteristics, and the quality of food they consume. The analysis
showed no statistical difference in preferences between the UK and both Slovenia and
Others. This lack of difference between the UK and the other groups might be attributed to
shared market access and global consumer trends.

3.3. Perception of New Alternative Protein Sources to Meat

Figure 3 depicts the factors consumers consider important when asked why they
think alternative protein sources to meat are being introduced to the market. Amongst the
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Reasons

To make mare profit / use cheaper alternatives for ingredients for the

se to consumer demand for healthier alt

To promot

To me

In response to the

For better sensory characteristics (appearance, smell, taste|

factors given, healthier alternatives in response to consumer demand (57%) had the highest
percentage, followed by sustainability, which 49% saw as a means to promote sustainable
alternatives, while 46% saw it as a response to consumer demand and 41% of consumers
believed it was a means to promote healthier alternatives.

umption of sustainabl

9%

r demand for sustainable products 6%

d intolerances 1%

donot know / 1am not sure NN 3%

Other: climate change, market opportunity, fooling customers Il 1%

Proportion of respondents

Figure 3. Bar chart illustrating reasons behind introducing new alternative protein sources to meat
according to consumers (%; N = 237).

Another 41% of consumers attributed the demand to the increasing occurrence of food
allergies and intolerances, and 30% chose the factor “personalised nutrition’. While the
percentage for personalised nutrition is lower than that for allergies, it still signifies that
consumers like those who responded to this questionnaire have seen products that offer
diverse options to serve a wider range of dietary preferences.

The well-being of animals (38%) also emerged as a salient concern, and 34% of re-
spondents believed this was due to technological advancement. A further 32% believed
it was a response to consumer demand for new or innovative food products, and 26%
believed that producers could make more profit using cheaper ingredients. Only 12%
of consumers opted for sensory characteristics, while a small percentage of respondents
expressed uncertainty (3%) or provided reasons such as climate change and marketing
strategies (1%). Nevertheless, consumer awareness of food choices is gradually evolv-
ing, particularly regarding overarching concerns about general well-being, environmental
impact and ethical considerations.

Table 4 shows the analysis of these factors in relation to demographic variables. Age
(p <0.001; p < 0.05) and educational attainment levels (p < 0.001; p < 0.05) were found
to have a higher level of statistical significance. In comparison, the country of residence
(p =0.02; p < 0.05) and sex (p = 0.04; p < 0.05) had a lower level of statistical significance.

Table 4. Summary of statistical analysis results on the perception of new alternative protein sources

to meat.
Variables Methods p-Values
Age Friedman <0.001 (6.56 x 10~7)
Country of residence Repeated-Measures ANOVA 0.02
Education Friedman <0.001 (3.55 x 10~%)
Gender Wilcoxon Signed-Rank 0.04

Statistical significance is determined at « = 0.05 level.

Figure 4a presents the Critical Difference (CD) diagram of the Friedman/Nemenyi
test comparing consumer perceptions of new alternative protein sources to meat across
different age groups. Significant differences were found between the following pairs:
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26-35 years and 36—45 years, 26-35 years and 56-65 years, 26-35 years and 66-75 years,
16-25 years and 56-65 years, and 16-25 years and 66-75 years. These findings indicate a
generational divide, with younger age groups (16-35 years) focusing more on sustainable
consumption and animal welfare, whilst older age groups (56-75 years) are more concerned
with health and nutrition. The analysis showed no statistical difference in preferences
between the following pairs of age groups: 26-35 years and 16-25 years, 26-35 years and
46-55 years, 16-25 years and 3645 years, and 46-55 years and 66-75 years. The lack of
significant differences between these pairs suggests shared behaviours and preferences
within these age groups and, in cases of adjacent generational groups, it may be due to
similar perceptions influenced by shared experiences or life stages.

_—

—_—

5 3 4 " 5 6 1 2 & 4 5 6

1 | | | | L | | | | |
26-35-years-old — 46-55 id Masters —! Diploma-Clg
16-25-years-old ——————— 5 Bachelors ———————— Hs

45-years-ol L—— 66-75-years-old Doctoral L vT-Appr
(a) (b)

Figure 4. Critical Difference (CD) diagrams of the Friedman/Nemenyi test for perception of new
alternative protein sources to meat across different (a) age groups and (b) educational attainment
groups. (a,b) Groups are ranked from left to right based on the level of their perception of new
alternative protein sources to meat (higher rank means a more positive perception). Bold lines
indicate no significant difference between connected groups (p < 0.05). The CD line at the top shows
the threshold for statistical significance; differences exceeding this line are significant.

Figure 4b presents a Critical Difference (CD) diagram of the Friedman/Nemenyi
test comparing consumer perceptions of new alternative protein sources to meat across
different educational attainment groups. The groups are denoted as HS (Secondary
school/High school diploma), VT-Appr (Vocational training/Apprenticeship), Diploma-
Clg (College/University /Level 3 (UK) diploma), Bachelors (bachelor’s degree), Masters
(master’s degree), and Doctoral (Doctoral degree). Significant differences were identified
between the following pairs: Masters and Diploma-Clg, Masters and HS, Masters and
VT-Appr, Bachelors and VT-Appr, and Bachelors and HS. These findings suggest that
higher education levels are associated with a stronger preference for health and sustainable
alternatives, whilst lower education levels link the introduction of alternative proteins to
the promotion of healthier options and technological advancements. No statistical differ-
ence in preferences was observed between other pairs, implying that socio-economic factors
may influence behaviours and preferences similarly across different educational levels.

The correlation analysis reveals the complex links between what consumers think
about the introduction of alternative protein sources to meat across different age groups.
The desire for healthier options is strongly linked with all other factors (r > 0.83), high-
lighting that health concerns are a major reason for introducing alternative proteins. In
contrast, worries about food allergies and intolerances are less connected to promoting
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healthy eating (r = 0.42), personalised nutrition (r = 0.37), and sustainability (r = 0.48),
suggesting that these worries are seen as separate motivations. The moderate connections
of sensory characteristics (r < 0.65) with other factors highlight the importance of taste
and texture in making alternative proteins appealing to consumers. The results of these
correlations were used to develop prompts related to motivations for alternative protein
sources to meat in the focus group guide (refer to Table 1), considering key consumer
concerns and motivations, particularly the strong link between health benefits and other
factors. Negative correlations led to generating prompts targeting personal preferences for
participants to discuss.

3.4. Consumer Acceptance of Different Alternative Protein Sources to Meat

When asked if respondents were familiar with the three alternative protein sources in
the study, namely plant-based, CCDM, and insects, the results revealed that plant-based
alternatives, such as burger patties, were recognised by 96% of participants, making them
the most familiar option. Edible insects, such as cricket pasta, were chosen by 74% of the
respondents, while 62% chose CCDM.

When asked if they had tried these alternative protein sources to meat, 95% of re-
spondents reported that they had tried plant-based alternatives, showing a high level of
acceptance for this option. Insect-based alternatives were tried by 23% of participants and
CCDM was tried by 5% of respondents.

A breakdown of both variables (heard of and tried yet) by age, sex, educational
attainment, and country of residence is shown in Table 5, serving to identify patterns
indicating high or low interest in different protein alternatives amongst specific groups
of respondents.

Table 5. Variables ‘Heard of” and “Tried yet’ for different alternative protein sources in terms of
respondents across age, sex, educational attainment, and country of residence (%; N = 237).

Plant-Based Meat ¥ Edible Insects and
Alternative CellCulture-Derived Meat Insect-Based Food
Demographics % (Heard of) % (Tried yet) % (Heard of) % (Tried yet) % (Heard of) % (Tried yet)
Sex
Female 99% 97% 63% 4% 73% 19%
Male 95% 95% 61% 5% 77% 31%
Age group (in years)
16-25 100% 100% 70% 7% 63% 19%
26-35 97% 96% 72% 4% 77% 26%
36-45 97% 93% 67% 7% 93% 23%
46-55 97% 97% 31% 0% 72% 22%
56-65 100% 92% 31% 8% 69% 15%
66-75 86% 86% 57% 14% 86% 43%
Educational attainment
Doctoral degree 92% 92% 81% 6% 92% 50%
Master’s degree 99% 95% 76% 4% 76% 31%
Bachelor’s degree 98% 98% 65% 9% 74% 17%
Collegey Untgersity/ Level 3 (U9 100% 100% 47% 3% 73% 7%
diploma
o Jordtonal 100% 100% 6% 0% 69% 6%
training / Apprenticeship
Secondary school /High school 97% 979% 8% 7% 55% 3%

diploma
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Table 5. Cont.
Plant-Based Meat . Edible Insects and
Alternative Cell-Culture-Derived Meat Insect-Based Food
Demographics % (Heard of) % (Tried yet) % (Heard of) % (Tried yet) % (Heard of) % (Tried yet)
Country of residence

Slovenia 94% 91% 73% %o 67% 27%

UK 100% 100% 40% 6% 75% 12%

Others 97% 97% 72% 4% 80% 28%

The awareness of plant-based food was consistently high across all demographics,
ranging from 94% to 100%. Females showed a slightly higher awareness (99%) than males
(95%). Amongst different age groups, the younger age groups (16-25 and 26-35) had
the highest awareness (100%) compared to the older groups. Interestingly, educational
attainment did not seem to impact awareness significantly. The UK residents had the
highest awareness of plant-based food (100%), which was when compared to residents
of Slovenia (94%) and other European countries (97%). This divergence can be linked to
the increasing percentage of consumers in various European countries who are adopting
or showing an interest in plant-based products. A study utilising Google Trends and a
data analytics tool to track vegan-related queries across multiple languages placed the UK
number one on the list, while Slovenia was 15th [72].

In the case of CCDM, awareness was generally lower than that for plant-based food,
ranging from 31% to 81%, with females indicating slightly higher awareness (63%) than
males (61%). However, when trying CCDM, males (5%) showed more interest than females
(4%). Amongst different age groups, the 16-25 and 26-35 groups had the highest aware-
ness (70% and 72%), whereas the oldest age group (66-75) had the highest proportion of
respondents who had tried it (14%). A trend indicating increased awareness with higher
educational attainment was observed, with higher education levels between 65% and 81%
and lower educational levels below 50%. A striking observation was the similarity in the
percentages obtained for awareness of CCDM amongst Slovenian residents (73%) and
those in other European countries (72%), while UK residents had a comparatively lower
percentage (40%). The low percentages for trying CCDM are unsurprising, considering
that CCDM is unavailable in any direct consumer market in the EU.

In contrast, awareness of edible insects fell within the moderate range, with even
lower percentages reported when asked about trying them. Males demonstrated higher
awareness (77%) than females (73%), which also translated to trying edible insects, as
a higher proportion of males (31%) compared to females (19%) had tried them. Across
different age groups, the 16-25 and 26-35 groups had the highest percentage of respon-
dents who were aware of edible insects (77% and 93%, respectively), and the 66-75 group
had the highest proportion of respondents who had tried edible insects (43%). Aware-
ness of edible insects was higher amongst individuals with a doctoral degree (92%) and
a master’s degree (76%). When asked about trying edible insects, individuals with a
doctoral degree (50%) had the highest percentage compared to the other groups. In
terms of geographical comparison, UK residents (75%) and residents of other European
countries (80%) had higher awareness of edible insects than Slovenian residents (67%).
However, when trying edible insects, Slovenian residents (27%) and residents of other
European countries (28%) had higher rates than residents of the UK (12%). In the anal-
ysis of alternative protein preferences, awareness of plant-based alternatives showed
a moderate positive correlation with trying them (r = 0.56), suggesting that increased
awareness significantly drove consumers to try these products. There was a weak posi-
tive correlation between awareness of plant-based alternatives and trying insect-based
alternatives (r = 0.14), indicating some crossover in consumer interest. Awareness of
edible insects also demonstrated a weak positive correlation with trying them (r = 0.40),
reflecting that higher awareness somewhat increased the likelihood of trying insect-based
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foods. There was a weak positive correlation between awareness of edible insects and
trying plant-based alternatives (r = 0.18), suggesting a slight overlap in consumer inter-
est. Awareness of cultured meat showed a moderate positive correlation with trying
insect-based alternatives (r = 0.30), indicating a shared consumer openness to novel
protein sources. In contrast, the negligible correlation with trying plant-based alternatives
(r=0.01) suggested distinct consumer groups.

3.5. Existing Consumption Patterns for Alternative Protein Sources to Meat

Subsequently, the respondents were presented with questions to evaluate consumers’
perceptions regarding the safety of these meat alternatives and how these perceptions might
impact their current consumption patterns. Using a five-point Likert scale, the respondents
were asked to express their perceived level of safety for each alternative protein source.
Based on their responses, the respondents were prompted to indicate the frequency of their
consumption using an ordinal scale.

In response to the question, “On a scale of 1 to 5, how strongly do you believe plant-
based alternatives are safe for human consumption?”, the results showed that the majority
of the participants agreed with the statement (53% strongly agreed, while 32.5% agreed),
indicating a high degree of certainty in the safety of plant-based alternatives. Meanwhile,
27% remained uncertain or neutral, while a small proportion of respondents disagreed
(1.5% strongly disagreed, 4.5% disagreed).

When examining the data about sex, educational attainment, and age groups, the
observed trends were similar to the overall findings. Key differences emerged in the oldest
age group (66-75), where none of the respondents strongly disagreed and the majority
either agreed (57%) or strongly agreed (14%). A similar observation was made within
the educational attainment group with a doctoral degree, where no respondents strongly
disagreed or disagreed and the majority either agreed (25%) or strongly agreed (50%).
These agreement responses were also consistent with those observed for respondents with
a master’s degree.

In terms of a country-wise comparison, it was interesting to note that none of
the respondents from the UK strongly disagreed with this statement, and the UK had
the highest proportion of respondents who strongly agreed (38%). In Slovenia, only
a few respondents strongly disagreed (3%), and among the remaining respondents
who either agreed or strongly agreed, the proportion of those who strongly agreed was
lower (34%).

When asked about the consumption patterns of plant-based meat alternatives, the data
showed different consumption patterns, with the highest percentage (35%) of respondents
occasionally opting for these alternatives, 30% rarely consuming them, 17% consuming
them frequently, and 8% showing a strong preference for consumption. In comparison, 10%
avoided plant-based alternatives altogether.

Figure 5 presents the findings from the CHAID analysis on the frequency of con-
sumption of plant-based meat alternatives across socio-demographic variables. Responses
to consumption frequency were categorised into three groups: Yes (includes ‘Often” and
“Very Often’), Maybe (includes ‘Sometimes’ and ‘Seldom/Rarely’), and No (‘Never’). The
CHAID analysis identified significant variations in plant-based consumption frequency
across the population. The results of the CHAID analysis showed significant differences
between education and sex but not with the age group. Educational attainment emerged as
the principal predictor of consumption frequency (p < 0.0001), leading to the initial split in
the dataset.
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Root Node Node 0
Category % n

" Yes 25 59
Maybe 65 154

Educational Attainment
p-value = 0.00011, Chi-square = 18.235
df=2

Higher Educational Attainment Lower Educational Attainment
First leved split Node 1
Category %

‘Node z
Category % n

" Yes n
Maybe 48
16

75

" Yes
Maybe

* _No
Total

Gender
p-value = 0.0338, Chi-square = 6.776

df=2
Female Male
Second level splits Node 3
Category % Category %
= Yes 35 ® Yes 19
62 72
Age group
p-value = 0.688, Chi-square = 0.749
df=2
16-45 years old 46-75 years old
Third level splits Node 5 Node 6
Category % _n Category % _n
= Yes 15 35 " Yes 15 3
Maybe 61 60 Maybe 72 8
= No 0 0
Total 100 11

Figure 5. CHAID decision tree analysis of the frequency of consumption of plant-based meat
alternatives by socio-demographic variables (educational attainment, gender, age group; based on
Chi-square significance). The colour blocks represent the distribution of responses (“Yes'—green,
‘Maybe’—orange, ‘No’—red) across various splits.

Regarding education, the higher educational group, with 31% of respondents, had
a higher acceptance of plant-based meat consumption than the lower educational group
(15%). A subsequent analysis based on gender within the higher education cohort revealed
a significant disparity (p-value = 0.0338), with females reporting higher frequencies of
consumption (35%) than males (19%). Further investigation within the higher-educated
female group indicated that age was not a significant factor (p-value = 0.688) for the 16-45
and 46-75 groups. It should be noted that the analysis was deemed valid as the main
category of interest (“Yes’) had sufficient responses to satisfy the requirements for Chi-
square. A similar evaluation approach was provided by Kasza et al. [65] to understand the
consumption of insect-based foods among Hungarian consumers.

The questionnaire asked respondents to rate the safety of CCDM for human consump-
tion. The results showed that 49% of the respondents were uncertain or neutral, while
8% disagreed and 15% strongly disagreed with the statement. Conversely, 17% of the
respondents agreed and 11% strongly agreed with the statement, i.e., they considered
CCDM safe for consumption.
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How frequently do you eat food made from insect flour (powdered
and cooked)?

When the data were examined in relation to educational attainment and age groups,
a notable trend emerged, revealing that as the age groups increased and educational
attainment decreased, the perceptions of safety for CCDM tended to decrease. In terms of
sex, there was only a slight deviation, with 5% more males than females perceiving CCDM
as safe for consumption.

For country-wise comparison, a difference in trend was observed for residents of the
UK and Slovenia. In the case of the UK, 32% of the respondents either strongly disagreed
or disagreed, while the majority (59%) remained neutral, with only 8% agreeing with the
safety of CCDM. In comparison, for Slovenia, 32% of the respondents remained neutral,
and 16% disagreed or strongly disagreed, while a larger proportion (35%) perceived CCDM
as safe, agreeing with the statement.

As discussed previously, the relatively lower familiarity, acceptance responses, and per-
ceptions of safety regarding CCDM can be attributed to the varying regulations surrounding
them in the European region. To understand where respondents stand as consumers on
this issue, they were asked whether they would be open to trying CCDM once it becomes
available in supermarkets, using a dichotomous question. The findings revealed that 43%
responded affirmatively, while 56% responded negatively.

Respondents were then asked to rate the safety of insects for human consumption
with the help of a Likert scale. The results revealed that most respondents perceived insects
as safe (26% agreed and 22% strongly agreed), 35% remained uncertain or neutral, 13%
disagreed, and only 5% strongly disagreed with the statement.

When the data were analysed concerning sex, the observed trends were similar to the
overall findings with only a slight variation, indicating that 10% more male respondents
than female respondents agreed it was safe. However, key differences emerged within the
age groups. Interestingly, within the oldest age group (66-75), none of the respondents
expressed strong disagreement, while none strongly concurred in the 56-65 age group.
Similarly, within this age group, although no one strongly disagreed, the majority (63%)
remained neutral or uncertain about the safety of edible insects.

Regarding the educational attainment group, no one with a doctoral degree strongly
disagreed, and the group had the highest number of respondents who agreed with the
statement (36% agreed, 28% strongly agreed). Regarding a country-wise comparison,
respondents from the UK and Slovenia had perceptions similar to the overall findings in
this case.

Figure 6 presents an overview of respondents’ eating habits regarding insect-based
meat alternatives in three forms: raw edible insects, whole and cooked edible insects, and
insect flour in powdered and cooked form, measured on an ordinal scale.

82% 12% 59 I

How frequently do you eat whole and cooked edible insects? 84% 12% :

How frequently do you eat raw edible insects? 85% 12% |

Proportion of consumers

W Never MRarely M Sometimes M Often M Very Often

Figure 6. Bar chart illustrating the consumption of insect-based meat alternatives amongst consumers
(%; N =237).
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When asked how frequently they ate raw edible insects, the results showed that most
respondents (85%) never consumed them in this form. Only a small percentage (12%) chose
the option that they rarely consumed raw edible insects, while even fewer respondents
(3%) chose the option “sometimes”. None of the respondents reported eating raw edible
insects often or very often.

Similarly, when the respondents were asked about eating whole and cooked edible
insects, 84% reported never having tried them in this form. A small proportion (12%)
mentioned eating whole and cooked edible insects rarely, while only 3% stated eating them
sometimes. None of the respondents reported eating whole and cooked edible insects often
or very often.

Regarding food made from insect flour (powdered and cooked), most respondents
(82%) reported never consuming such products. A small percentage (12%) mentioned
consuming food made from insect flour rarely, while 5% stated eating it sometimes. Only
1% of respondents reported eating food made from insect flour often or very often.

3.6. Motivations and Barriers to Consuming Different Alternative Protein Sources to Meat

Table 6 presents a content analysis of motivations driving the adoption of alternative
protein sources based on focus group discussions with participants from the UK and
Slovenia. Each theme and sub-theme represent key factors derived from qualitative data
and encompasses various aspects that motivate participants to embrace alternative protein
sources to meat. The number in the columns indicated as the UK (Freq) and Slovenia (Freq)
represents the frequency of times participants from the UK and Slovenian focus groups
discussed a specific sub-theme.

Table 6. Content analysis of motivations for adopting alternative protein sources to meat (f; N = 12).

Themes Sub-Themes UK (Freq) Slovenia (Freq)

Environmental Sustainability
Climate change awareness
Carbon footprinting

Increasing population impact

Health and Health benefits
nutritional Nutritional benefits
concerns Digestive health
Dietary restrictions
Economic factors Affordability

Convenience

Curiosity

Ethical
Social influence

Media influence

Preference

Availability
Time constraints
Easy meal preparation
Trying new foods
Creativity in food preparation
Exploring diversity in food
Animal welfare
Social welfare
Family
Friends
Advertisement impact
Target campaigns
Celebrity endorsements
Taste
Familiarity with ingredients
Variety
Texture

WNWNDOIDD W Wi Ul WU W NES

NWWWNWEWWE OO N0 == N
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In the Slovenian and UK focus groups, participants articulated various reasons for
embracing alternative protein sources to meat, with prominent themes centring on health
considerations, environmental concerns, economic factors, curiosity, and media influence.
For instance, a participant from the UK group, MR, stated, “I think that one of the biggest
issues and shortages that we are probably heading towards, as the population keeps getting bigger,
is global food shortages. And I think the way we farm right now we can’t manage that population,
given the higher demand. Supply and demand are not going to work long term. So, I believe that
looking at alternative sources of protein is very important”.

The lowest level of motivation pertained to preferences, which participants in both
focus groups perceived more as a barrier than a driving force. They commonly expressed
how preferences are hindrances rather than motivations for adopting protein alternatives.
For instance, a participant from the Slovenian focus group, LC, stated, “So maybe that’s one
of the main reasons I would not really consider eating alternatives. I mean, if I have a steak available
and something plant-like, there’s still a significant difference in meat’s texture, flavour, smell, and
everything. So maybe when that difference is smaller or even the same, I think that the population
will maybe change its mind and think that’s okay, I can have this, or I can have that, it’s the same,
but until then, I think that the change is not possible”.

The ethical concerns, encompassing both animal welfare and social welfare, received
moderate attention and elicited responses from participants. In this study, most participants
spoke highly of the potential positive impact of meat alternatives on animal welfare.
However, in each focus group, 3—4 participants expressed concerns, particularly in the
context of CCDM, about the potential effects it might have on the livelihoods of individuals
engaged in livestock and animal rearing.

The media and social influence also garnered moderate attention. Interestingly, partic-
ipants from both focus groups held comparable perspectives on each theme, emphasising
sub-themes similarly. However, variations emerge about media influences, where the
Slovenian focus group assigned less significance to target campaigns, influencers, and
celebrity endorsements than their UK counterparts. Notably, four out of six participants
in the Slovenian group expressed concerns that such media strategies could have a more
negative impact than positive if executed “foo aggressively” or “forcefully”.

In both focus groups, a prominent barrier identified by most participants was the
perception that alternative options, such as plant-based meat and meat grown in a lab-
oratory, were perceived as “highly processed” or formulated with “unknown ingredients”.
The participants expressed concerns regarding the limited investigation into the poten-
tial consequences of consuming these alternatives, leading to reservations and hesitancy
towards their adoption. One participant, IB from the UK focus group, highlighted the
contrast between natural and artificial perceptions, stating, “It's probably the perception of
natural versus artificial. That's probably why you'd be more willing to eat things like ants or any
sort of natural food, compared to anything that’s grown in a lab. So, as long as they can change that
perception, we're going to have a struggle where people will be hesitant to try anything that’s seen
as artificial, compared to something that’s natural”.

Regarding insects, aside from the common barriers of disgust and appearance, another
significant obstacle influencing their consumption was familiarity. A participant in the
Slovenian group, MM, provided insights on this matter, stating, “It is a matter of habit and I
think of our environment and culture where we grew up and what we're used to. For example, in
Australia, they eat kangaroo meat, and it’s okay for them. So, I think if we were brought up eating
insects, it would not be such a dilemma”.

In this study, participants in both focus groups expressed concern about the accessibil-
ity of alternative food options and their ability to incorporate them into their diets. They
stressed the importance of learning about these alternatives and the proper preparation
methods to replicate dishes they have tried elsewhere with ingredients such as insects and
possible food combinations.
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Affordability also emerged as a prominent barrier, given the global rise in the cost of
living. For example, SG from the UK focus group stressed the importance of protein in their
diet, expressing a preference for authentic chicken fillets as a high-quality, cost-efficient
source of protein over alternative proteins options. NM from the Slovenian focus group
echoed this sentiment, stating that the need for protein strongly influences their food
choices. Should traditional meat offer a more affordable protein source than alternatives,
they would prioritise it.

3.7. Suggestions to Overcome Identified Barriers

After discussing all the possible barriers that participants came up with, they were
prompted to provide suggestions for overcoming the obstacles associated with adopting
alternative protein sources to meat. In this case, the suggestions were based on options
originating from plants, CCDM, and insects.

Table 7 showcases a matrix analysis comprising UK and Slovenian focus group inputs.
Each sub-theme corresponds to distinct facets related to overarching themes, and the
suggestions put forth by the participants offer strategies to address the identified barriers.
The numerical value in parentheses accompanying each suggestion denotes its frequency
of discussion amongst participants from the UK and Slovenian focus groups.

Table 7. Matrix analysis of suggestions to overcome barriers to adopting alternative protein sources
to meat in the UK and Slovenia (n; N = 12).

Themes

Sub-Themes Participant Suggestions (UK/Slovenia)

Sensory profile

Market alternative protein products as distinct options,
not just as comparisons to traditional meats (UK: 6,
Slovenia: 6)

Concerns about texture

Introduce a broader range of options in soups, curries,
and sauces rather than focusing solely on fillets and
steaks (UK: 4, Slovenia: 5)

Concerns about taste

Awareness

Address unfamiliarity with different varieties by
offering samples in supermarkets for consumers to try
(UK: 5, Slovenia: 2)

Familiarity with varieties

Provide targeted recipe books and blogs featuring
different dishes that can be prepared using alternative
protein sources to meat (UK: 3, Slovenia: 3)

Familiarity with cuisine

Cost and convenience

Implement price reduction initiatives and bulk

Costcompared fotraditionel meat purchasing incentives (UK: 4, Slovenia: 5)

Knowledge gap

Difficulty finding products in
supermarkets

Chemical vs. natural ingredients and
processing

Ensure products have a separate section close to the
meat range but distinct to avoid confusion (UK: 2,
Slovenia: 2)

Offer transparent information about ingredients and 7
processing methods (UK: 5, Slovenia: 4)

Misconceptions about alternatives

Provide accessible, comprehensive information for
consumers (UK: 3, Slovenia: 3)

Nutritional value

Emphasise health and nutritional benefits over
traditional meat (UK: 3, Slovenia: 4)

Environmental impact awareness

Share supported sustainable initiatives or provide
transparency on resource conservation due to
alternative protein consumption (UK: 3, Slovenia: 2)
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Table 7. Cont.

Themes

Sub-Themes Participant Suggestions (UK/Slovenia)

Media and social factors

Leverage endorsements by celebrities and influencers

Mainstream media influence (UK: 3, Slovenia: 0)

Design educational campaigns with care to avoid

Negative effect of campaigns seeming forced (UK: 4, Slovenia: 6)

Explore incorporating alternative protein sources to
Social gatherings meat into social gatherings inspired by BBQ cookouts,
pizza nights, and hotpot outings (UK: 4, Slovenia: 4)

Promote a diverse food culture and present alternative
Influence of cultural norms protein sources to meat as an experience tied to
different cultures (UK: 4, Slovenia: 2)

In the sensory profile domain, participants expressed concerns about the differences
in texture and taste of alternative protein sources to meat. They described the alternative
proteins as softer (in certain cases, crunchier), crumblier, and grainier, lacking the traditional
chewiness and firmness associated with meat. In terms of flavour, particularly the processed
options were either mild or had an overwhelmingly dominant flavour that felt ‘fake’ and
‘unnatural’. Participants noted that the taste and texture of these processed alternatives
reminded them more of grains, vegetables, and legumes than traditional meat. Some also
reported experiencing a nutty or earthy smell coming from these foods. They recommended
marketing alternative protein sources as distinct or separate categories, rather than as ‘meat
substitutes’, to highlight their own unique flavours and prevent direct comparisons with
traditional meat and meat products. Participants also emphasised the importance of
diversifying the current options on the market and offering more choices in soups, curries,
and sauces to go beyond fillets and steaks. As GM from the UK focus group articulated,
“Bolognese with veggies. It's about adding a good sauce to the pasta. I think that could create a
positive experience” .

In addition to providing dedicated resources such as recipe books and blogs to guide
consumers in their culinary explorations, participants suggested introducing product
samples in supermarkets to address familiarity as a barrier. As DM from the UK pointed
out, “We're assuming everyone has tried meat-free options probably once. You'd be surprised; many
people have never tried these products. If you can get people to try them at the supermarket, for
example, with someone offering vegetarian sausages and asking, ‘Have you ever tried one of these?’
Many people would be surprised. I was honestly quite surprised by how tasty some of these options
were myself”.

Discussing cost and convenience, participants expressed concerns regarding the price
of alternative protein sources compared to traditional meats. To address this, they put
forth recommendations like implementing price reduction initiatives and bulk purchasing
incentives. MT from Slovenia underlined, “I think it's going to be the same with insects. The
price point will take precedence. The same applies to lab-grown meat. Even if its quality matches or
surpasses that of animal meat, if it ends up being more affordable, I believe people would indeed be
more likely to adopt it”.

Participants drew attention to the challenges of locating these products within su-
permarkets. They proposed the creation of a separate section adjacent to the meat range,
distinct enough to avoid any confusion. GM from the UK stated, “I think that there were
a couple of supermarkets near us that tried to mix things up a little bit and have veggie sausages
with the meat sausages. But I think there were a lot of complaints because people accidentally picked
up the wrong thing. You know, they saw the veggic sausages, and then there were slightly cheaper
sausages mixed in the same section. They picked those up and got them home and realised that they
were meat”.

A notable knowledge gap emerged concerning ingredients and the processing methods
involved, as discussed by MR and IB from the UK concerning the perception of natural
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versus artificial. Misconceptions about meat alternatives surfaced, prompting participants
to advocate for comprehensive and easily accessible information that could disprove these
myths. LC from Slovenia and RG from the UK concurred, affirming, “Transparent information
can aid in countering misinformation”.

This discussion also gave rise to another reservation, particularly concerning CCDM.
While participants initially embraced the concepts, their attitudes shifted during the dis-
course due to a lack of information about the long-term impact on the human body. MM
from Slovenia and IB from the UK expressed reservations about consuming CCDM, classi-
fying it as “not the best idea”. Participants shared this sentiment in both focus groups. As a
result, half of the participants (N = 3) from both countries rated these alternatives at the
lowest preference level for consumption.

Environmental concerns prominently featured in the participants” discussions, inciting
contemplations on the sustainability of alternative protein sources to meat. BP from
Slovenia expressed, “Understanding the environmental and animal welfare impact motivated me
to adopt a vegetarian lifestyle; nothing else”. Participants recommended showcasing initiatives
that promote sustainability or revealing the resource conservation achieved through the
consumption of these foods.

Within the context of media and social factors, participants acknowledged the influ-
ential role of media and societal dynamics in shaping perceptions. The UK participants
suggested leveraging endorsements by celebrities and influencers to increase awareness.
However, participants cautioned against campaigns that might feel forced in both focus
group discussions. Exploring the integration of meat alternatives into social gatherings,
inspired by existing culinary traditions like BBQ cookouts and pizza nights, emerged as
another strategy.

Suggestions from UK and Slovenian participants revealed shared themes such as
addressing sensory concerns, enhancing culinary variety, and recognising the importance
of knowledge. Both groups emphasised the value of widening food options and the impact
of social gatherings. Differences emerged regarding factors like the environment and
nutrition. The UK participants prioritised transparent sustainability information and media
endorsements, while Slovenian participants favoured well-crafted educational campaigns.

4. Discussion

This study’s strength lies in adopting a mixed-methods approach, which is well-
established as a means to gain deeper insights into consumer behaviour [73]. This study
found that consumers consider health-related and environmental factors as reasons for
introducing alternative protein sources to meat. However, environmental concerns were
ranked only fifth when evaluating the factors influencing grocery shopping amongst the
respondents. During the focus group discussions, participants initially mentioned that
environmental factors greatly motivate them. Nevertheless, health and nutritional reasons
primarily influenced their choices to reduce meat consumption or opt for alternative dishes.
This finding suggests that whilst consumers acknowledge the importance of sustainability,
it may not be the sole motivation for their dietary choices.

Pricing and sensory factors were highlighted as important influencers on consumer
food choices, aligning with the findings of previous studies [42,74]. As observed in the case
of traditional meat consumption, taste and texture are considered paramount by consumers
when it comes to alternative proteins [39]. Lang et al. [75] identified that consumers who
found plant-based meat appealing in taste and texture showed positive attitudes towards it.
While pricing was recognised as an important factor, participants in this study considered
it less significant than sensory qualities. It should be noted, however, that this study did
not account for the participants’ spending potential, which might have provided further
insights into these findings.

In examining the socio-demographic variables influencing the perception and con-
sumption of alternative protein sources, notable patterns emerged across age groups,
educational attainment levels, and genders. Younger respondents, particularly those be-
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tween 16 and 35, demonstrated a higher propensity to try alternative protein sources to
meat, suggesting an increased openness to innovative foods. This trend contrasted with
older age groups, who showed less inclination towards such alternatives, potentially due
to more ingrained dietary habits or scepticism towards non-traditional food sources.

Educational attainment plays a crucial role, as individuals with higher educational
credentials perceived these proteins as safer and were more likely to consume them. Specif-
ically, women with higher educational levels expressed a strong preference for plant-based
meat alternatives, highlighting a gender-specific trend where educated females are leading
in adopting plant-based diets [31,76].

Gender differences were evident in the perception of unconventional proteins such as
edible insects, with men displaying a greater inclination towards considering insects safe
and being more willing to consume them than women. This finding aligns with findings
from Kasza et al. [65], indicating that men typically exhibit lower levels of neophobia,
positioning them as early adopters of innovative products. Kulma et al. [77] highlighted
that young men tend to be more experimental and open to trying insects, an observation
consistent with the findings of this study regarding gender dynamics in entomophagy.
Minimally processed or fresh ingredients were also found to be important factors based
on the findings of the questionnaire and the focus group discussions. In considering this
factor, plant-based alternatives emerged as an interesting point of discussion, boasting the
highest acceptance rate in terms of safety and frequency of consumption compared to other
meat alternatives. Despite this widespread acceptance, however, plant-based alternatives
still lag behind traditional meat products in terms of consumption levels, a trend consistent
with findings from other studies [78,79].

In addition to differences in dietary preferences, one key reason participants from the
focus groups in both countries gave that accounted for this discrepancy was the possibility
of chemical contamination in these foods [80] and concerns about undisclosed chemicals in
the ingredient list of plant-based protein alternatives [81]. Most participants agreed that
they would instead opt for simple vegetable-based meals rather than vegetables processed
to look like meat if they want to avoid traditional meat altogether.

In the case of edible insects, despite their known benefits, notable barriers to their
consumption associated with disgust and neophobia are prevalent [82]. Although partic-
ipants in the focus group did not explicitly express disgust towards eating insects, there
was evident hesitation in their responses, corroborating previous research findings [83-85]
and the questionnaire findings. Coinciding with the outcomes of Meyer-Rochow and
Hakko [86], only a small fraction of respondents indicated any degree of insect consump-
tion in the questionnaire.

Drawing insights from the focus group responses in both the UK and Slovenia, par-
ticipants suggested that it is more likely for edible insects to be more widely accepted
if their presentation is altered within food products or they are integrated into familiar
dishes that consumers are more accustomed to in a particular region [87], as demonstrated
in studies with powdered grasshopper [88] and termite [89]. This notion also resonates
with the discussion by Meyer-Rochow and Hakko [86], who proposed that processing
insects into flour or pastes increases the likelihood of consumer acceptance. Further, the
study of Ribeiro et al. [32], performed in Portugal and Sweden, indicates that acceptance of
products incorporating processed insects was higher than acceptance of whole unprocessed
insects. For a category such as insects to create a positive impression, cooperation amongst
government bodies, scientists, and businesses is crucial to ensure that products are avail-
able to consumers and that information about food safety and consumption of insects is
accessible. Piha et al. [57] found greater consumer acceptance of insects in Northern Europe
than in Central Europe, citing the influence of institutional frameworks and cultural and
dietary differences.

Specifically examining how consumers perceive CCDM, a lab-grown meat alternative,
the study found that overall perceptions of CCDM are neutral, with half of the consumers
who believe CCDM is safe expressing willingness to try it. Factors such as animal wel-
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fare and concerns about environmental sustainability were also primary motivators for
consumers who expressed this interest, a finding that again aligns with previous research,
such as that discussed by Hocquette et al. [90], which also highlights consumer interest
in cultured meat, primarily driven by ethical and environmental concerns, particularly
animal welfare. Liu et al. [91] investigated the impact of socio-demographic factors on
consumer awareness of meat consumption issues, finding that women, older respondents,
and individuals with higher levels of education tend to be more receptive to ethical and
environmental concerns associated with meat consumption. These factors also shape per-
ceptions of meat alternatives like CCDM, indicating that attitudes towards conventional
meat strongly influence perceptions of meat alternatives. Consumers with critical views of
conventional meat are more likely to view CCDM favourably.

In the questionnaire, 5% of respondents reported having tried CCDM, an unexpected
finding possibly attributable to their personal experiences outside the European region and
their interpretation of what qualifies as CCDM. Some individuals might have travelled
internationally to regions where cultured meat is not restricted and had the opportunity to
try it there. Additionally, there could be misunderstandings or misperceptions about what
constitutes cultured meat [90], with respondents possibly mistaking other meat products
for cultured meat due to unclear labelling or misunderstanding [92].

During the focus group discussions, while CCDM was initially welcomed as a benefi-
cial innovation, some participants also debated its potential downsides, such as perceptions
of being unnatural and potentially harmful to the human body, lack of knowledge about
the production process and impact on the environment, inconsistencies in legislations, as
well as concerns about its impact on jobs in traditional animal agriculture, a sentiment
consistent with the observations of previous research [93-95]. These concerns also caused
hesitation amongst the participants regarding the introduction of CCDM in the European
market. If CCDM were to be introduced to European consumers, stakeholders would need
to address the ambiguities and gaps surrounding CCDM and engage consumers to address
their questions and concerns, to ensure successful market adoption [96,97].

Amongst the participants, there was a unanimous consensus that information about
the ingredients in processed meat alternatives should be accessible and available for con-
sumers to educate themselves about these products and gain a clear understanding of
them. This finding echoes the sentiments discussed by Fanelli et al. [98], emphasising the
importance of ingredient transparency in building consumer trust in food safety.

This study also revealed consensus amongst participants regarding marketing these
products as a distinct category rather than being grouped with traditional meat prod-
ucts. This finding agrees with other published findings that consumers were more in-
clined to try plant-based meat alternatives when labelled as plant-based rather than meat
alternatives [99]. An interesting observation emerged concerning supermarkets. All partic-
ipants in the focus groups expressed an interest in alternative protein products, particularly
plant-based options, but discussed the challenge of locating these products on market
shelves, especially when time is limited. This observation aligns with the perspective
presented by Gravely and Fraser [36], who emphasised that while supermarkets expand
the availability of plant-based choices, they employ rudimentary marketing strategies for
these products within the store. With current sales reaching USD 11.3 billion at a 6.7%
year-on-year (YOY) growth in 2021, and projected sales set to exceed USD 22.5 billion at
a 7.2% compound annual growth rate (CAGR) by 2032 [100], this presents a substantial
opportunity for supermarkets to address the growing consumer demand.

In addition to the benefits of utilising the influence of product names, descriptions,
and packaging [99,101], focus group participants offered three simple solutions to improve
the accessibility and visibility of these alternative protein sources to meat: strategic prod-
uct placement on shelves, dedicated shelf sections, and the presence of on-site sampling
representatives. A study by Ejlerskov et al. [102] highlights differences in purchasing
behaviour at checkout points of supermarkets among consumers. The study also discusses
how variation in socio-demographic variables, particularly age groups, influences grocery
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purchasing. These observations are consistent with the results presented in this study.
This is an interesting outcome because it indicates that on-site marketing strategies might
not prove as effective if insights from one consumer group are generalised for the whole
population. It is necessary to consider the perspectives of various consumer groups if stake-
holders aim to promote the adoption of alternative protein sources across the population
rather than targeting a specific consumer segment.

This study’s findings also highlighted the role of media and social gatherings in
shaping consumer attitudes, since nearly all participants in the focus groups tried alter-
native proteins through personal connections. The influence of socio-cultural factors has
been widely discussed in the literature [38,103]. Social media has had positive effects in
promoting plant-based foods [104] and meat substitutes [105]. Thus, leveraging endorse-
ments or strategies that resonate with societal perceptions could boost the adoption of
meat alternatives.

An interesting observation was the variation in responses of the focus group partici-
pants in the UK and Slovenia. For instance, the UK participants favoured a more aggressive
marketing approach, using mainstream media and celebrity endorsements to increase
awareness and acceptance, whereas the Slovenian participants advocated for more subtle
and educational marketing strategies. According to the participants, these suggestions
were based on their experiences with how campaigns differ in their respective countries,
which demonstrates that despite similarities in factors corresponding to the barriers and
motivation, strategies to encourage the adoption of alternative protein sources should be
tailored to fit the cultural and societal context of each country. Although the consumption
of specific protein alternatives, like insects, remains unconventional in the Western setting,
insights drawn from the focus group discussions suggest that providing information in
a tactful and non-coercive manner could be advantageous. This concept resonates with
the conclusions of Gahukar [106], who emphasised the establishment of educational pro-
grams, robust entrepreneurial endeavours, academic research, and government support to
promote the recognition of insects as a significant commodity in society.

Limitations and Future Directions

We acknowledge certain limitations of our study. The relatively small sample size
of participants for both the questionnaire and the focus group affects the generalisability
of the findings. In the questionnaire, the representativeness of the results is potentially
compromised by the uneven distribution of respondents across countries, as a predomi-
nant number of responses from certain regions may introduce geographical bias. Another
limitation emerges from the socio-demographic representation, particularly regarding the
questionnaire respondents’ age groups and educational attainment levels. Despite efforts
to ensure that the focus group participants represented diverse age groups, educational
backgrounds, and professional levels, the interview guide used for the focus group discus-
sions may have disproportionately reflected the viewpoints of specific consumer groups,
thus potentially introducing bias into the responses obtained.

A limitation of this study is the predominance of participants from the UK and
Slovenia. Whilst their contributions offer valuable insights, it is important to recognise
the potential constraints in generalising the findings to broader geographical regions or
different European cultural landscapes, which include varied dietary preferences and
traditions. Variations in levels of consumer awareness and acceptance of alternative protein
sources can significantly influence perceptions and are likely distinct across different
European regions. Consequently, applying these results beyond their immediate social
environment would present challenges in predicting outcomes in other locations or for
people with contrasting societal dynamics.

Future researchers are encouraged to pursue a more heterogeneous sample of par-
ticipants, encompassing different countries and ensuring equal representation of various
consumer segments. This approach would expand the scope and boundaries for a better
understanding of consumer perceptions towards alternative protein sources to meat and
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provide a foundation for drawing broader overarching conclusions and implications on a
global scale.

5. Conclusions

In this study, combining a questionnaire with focus group discussions gathered de-
tailed insights into motivations and barriers concerning alternative protein sources to meat
and facilitated participant-driven suggestions that addressed the identified barriers. In
addition, this study drew comparisons from respondents from countries with varying
legislative systems within the European region. This study has been centred on understand-
ing how consumers perceive alternative protein sources such as plant-based, CCDM, and
insect-based foods. Positive attitudes often arise from health considerations, environmental
awareness, and ethical values, while obstacles like texture, safety concerns, and a sense of
unnaturalness have been identified. It is important to note that consumer preferences are
notably influenced by socio-cultural factors, the media, and the individuals within their im-
mediate circles. A crucial element that fosters consumer acceptance is providing clear and
comprehensive information, complemented by imaginative and innovative strategies to en-
hance the visibility of such products within supermarket premises. These facets should be
effectively leveraged when devising consumer-centric strategies within strategic marketing.
It is essential to identify the appropriate target audience and tailor strategies accordingly
for all knowledge-based and educational initiatives. These components may collectively
play an instrumental role in encouraging consumers to adopt alternative protein sources
instead of meat.
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Appendix A — Questionnaire (core components)

1 Which factors are important to you when 4 Which alternative foods from the following list
buying groceries? Choose as many as you like. have you tried? Choose as many as you like.
A Healthy and nutritious A Plant-based alternatives
B Minimally processed / made from mainly B Lab-grown meat alternatives
natural ingredients C Insect-based alternatives
C Environmentally friendly 5 How strongly do you believe plant-based
D  Animal friendly / cruelty free such as free-range alternatives are safe for human consumption?
eggs 1 [ 2] 3 [a] s
Appearance / taste / smell (sensory appeal) Strongly Not Strongly
F Convenience / takes less time to prepare, cook disagree sure/ agree
and serve Neutral
G Priced better than the others in a product 6 How frequently do you eat plant-based
category alternatives?
H Liked by the majority of the members of a | 1 | 2 l 3 | 4 | 5 I
family / household Never Some- Very
1 New / innovative / unfamiliar / exotic times Ofte}\
] Seen on social media, TV, etc. / being 7 How strongly do you believe lab-grown meat
recommended by someone you know alternatives are safe for human consumption?
K I do not know /T am not sure 1 [ D | 3 ] 4 | 5
L Other: Strongly Not Strongly
disagree sure/ agree
2 New alternative foods are defined as alternatives to Neutral
foods prepared or produced by traditional methods. 8  Lab-grown meat alternatives are not yet widely
There are currently many foods on the markets that available to buy. If that changes, would you
are available as alternatives to traditional meat and include lab-grown meat alternatives in your
dairy products. diet?
As a consumer, why do you think alternative | Yes I No I
foods are being introduced to the market? 9  Onascale of 1to5, how strongly do you believe

Choose as many as you like. insects are safe for human consumption?

A Inresponse to consumer demand for healthier | 1 [ 2 | 3 l 4 | 5 |
alternatives Strongly Not Strongly
B To promote healthy eating alternatives disagree sure/ agree

C  To meet the demands for personalised nutrition
D Inresponse to the increase in food allergies and

Neutral
10 Onascale of 1 to 5, how frequently do you eat

intolerances ) ) raw edible insects?
E  To meet consumer demand for new / innovative I 1 l > l 3 I 4 I 5 I
foods -
- Never Some- Very
F For better sensory characteristics (appearance, tiies Often

soc]l. inets) 11 Onascale of 1 to 5, how frequently do you eat

G T t S tion of sustainabl
0 promote cor;:umpt.lon obsustamable whole and cooked edible insects?
alternatives
1 2 3 4 5
H To meet consumer demand for sustainable | | l | | |
Never Some- Very
products i ;
| times Often
1 Animal welfare 12 On: le of 1 to 5, how fi tly d t
] Due to technological advancement, such as I e e Yo

food made from insect flour (powdered and
cooked)?
[+ [ 2 [ 3] 45 |

longer shelf life without preservatives
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n w >

To make more profit / use cheaper alternatives
for ingredients for the same products
I do not know /I am not sure
Other:

Which alternative foods from the following list
have you heard of? Choose as many as you like.
Plant-based alternatives e.g., burger patties
Lab-grown meat / cell culture-derived meat
Edible insects / insects as food e.g., cricket pasta
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3.2 Scientific Paper: “Consumer Perceptions and
Acceptance of Edible Insects in Slovenia”

The paper titled “Consumer Perceptions and Acceptance of Edible Insects in Slovenia” by
Nayyer Rehman and Nives Ogrinc is presented in this chapter. I was responsible for
designing the study, conducting data collection, performing statistical analyses,
interpreting findings on consumer behaviour, and preparing the manuscript for publication.
This article was published in Foods in 2024 and explores Slovenian consumer perceptions
and acceptance of edible insects as a sustainable protein source, a topic of growing interest
in Europe.

Slovenia was selected as the study’s setting due to its unique cultural influences,
blending Slavic, Mediterranean, Balkan, and Austro-Hungarian traditions, along with a
strong environmental focus. These characteristics make Slovenia an ideal case study for
examining acceptance of entomophagy in a culturally diverse and environmentally aware
population, adding to the literature supporting sustainable food options across European
markets.

The study employed a mixed-methods approach, beginning with a comprehensive
survey conducted online in Slovenian and English to reach a wide audience. A total of 537
participants provided data on their familiarity with edible insects, factors affecting
acceptance, and sociodemographic characteristics, such as age, gender, education, and
residence.

The survey design, informed by prior studies on consumer perceptions in Europe,
included questions on previous experiences with insect consumption, economic
considerations, willingness to adopt entomophagy, and preferences for specific insect types.
Statistical analyses included descriptive statistics, Chi-square tests to examine associations
with sociodemographic variables, and an ordinal probit model, chosen for its robust fit in
evaluating factors influencing consumer interest in edible insects.

Key findings indicated that younger, educated participants and those in rural areas
were generally more open to entomophagy. Male respondents showed a higher likelihood
of interest in tasting edible insects compared to females, aligning with trends observed in
other European countries. The most acceptable insect types included crickets,
grasshoppers, and locusts, particularly when presented in non-visible forms such as powders
or flours integrated into foods. These findings reflect a clear consumer preference for hidden
forms, which help mitigate the psychological barriers associated with whole insect
consumption.

The study also found significant price sensitivity among potential consumers. More
than half of the respondents expressed willingness to purchase insect-based products if
priced similarly to conventional foods, with an additional 40% more inclined to adopt these
alternatives if priced lower. This price sensitivity suggests that competitive pricing could
play a pivotal role in increasing consumer acceptance. Majority of respondents supported
the use of insects as livestock feed, indicating broader openness to insect-based products
within food systems beyond direct consumption. The study suggests strategic
recommendations such as targeted educational campaigns, transparent labelling, and
marketing to discuss environmental benefits while considering cultural preferences.

This research was presented as a poster at the 2nd ISO-FOOD Symposium: ISO-FOOD
from Food Sources to Health, held in Portoroz, Slovenia, in 2023. The insights gathered in
this study contribute to the growing body of literature on entomophagy in Europe. It also
provides actionable insights for policymakers, businesses, and researchers seeking to
advance sustainable protein sources across European markets.
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Abstract: Slovenia, influenced by Slavic, Mediterranean, and Balkan cultures, along with Austro-
Hungarian traditions and strong environmental concerns, is an ideal case study for understanding
consumer perceptions of edible insects and increasing their acceptance as an alternative protein source.
A survey conducted in Slovenian and English with 537 participants examined existing perceptions
and acceptance of edible insects as food and livestock feed. Findings show moderate interest in
insects, particularly in non-visible, integrated forms, despite most participants not having tried whole
insects. Young, educated individuals and those residing in rural areas have tried insects more often
than other sociodemographic groups. Men showed more interest in entomophagy compared to
women. Crickets, grasshoppers, and locusts were most acceptable, while cockroaches were least
favored. Economic factors are crucial, with a preference for insect-based products priced similarly to
conventional foods. The majority also support using insects as livestock feed. These results can aid
policymakers at regional and national levels, help businesses market these products, and contribute
to the literature on consumer responses in different European regions regarding edible insects as a
sustainable food source.

Keywords: consumer perception; consumer acceptance; edible insects; sustainable consumption;

chedkifor food systems; Slovenia
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Despite their long history of widespread consumption in several countries [30,31],
insects are met with significant skepticism, safety concerns, and unfamiliarity in Western
societies [32-35]. Research indicates that the acceptability of insect-based foods is influ-
enced by various factors, including sociodemographic characteristics, psychological factors,
environmental awareness, knowledge and awareness, cultural norms, social influences and
product features [36-38].

Sociodemographic characteristics such as gender, age, education level, and place of
residence significantly impact consumer attitudes [37]. Men are generally more inclined to
accept insects than women [39]. Younger individuals, especially those aged 20-40 and those
with higher education levels, are also more open to entomophagy, while urban residents
tend to be more accepting than those in rural areas [40].

Psychological factors also play a crucial role, with neophobia, disgust, and perceived
health risks acting as substantial barriers; however, curiosity towards new food experiences
can promote acceptability [41,42]. Positive attitudes, such as dietary habits and intentions
to reduce meat consumption, also affect people’s willingness to try insect-based foods,
although findings in this area are mixed [39,43].

Environmental awareness can positively influence the willingness to try insect-based
products, though this effect is not always significant. While some studies suggest that sus-
tainability concerns lead to higher acceptability, others find no considerable impact [38,39,43].
However, providing information on environmental benefits, especially before and after
tasting sessions, can positively shift consumer perceptions [44,45].

Cultural compatibility and familiarity with insect consumption also play critical roles
in shaping consumer attitudes. For example, previous exposure to entomophagy through
knowledge or direct consumption increases acceptability, and positive tasting experiences,
especially in social settings, can reduce disgust and food neophobia [46,47].

Finally, the characteristics of insect-based products—such as appearance, taste, vis-
ibility, and packaging—significantly influence consumer acceptance. Processed insect
products are generally more acceptable than whole insects, and packaging that reduces
insect visibility tends to be more favorably received. Additionally, product design, labeling,
and pricing are crucial factors in shaping consumer preferences [48,49]. Understanding
consumer attitudes is essential because their concerns can directly impact the success of a
product [50-52]. Moreover, deeper insights into which sociodemographic groups are more
likely to accept entomophagy allow for tailoring educational and marketing strategies that
can effectively maximize resource efficiency and market impact [53,54].

While some consumers may respond positively to insect consumption due to its
societal, environmental, and health benefits [54], others may require more direct sensory
experiences to shift their perceptions [55,56]. Innovations such as using insect flour in
baked goods promise to overcome food neophobia and enhance consumer openness to
trying and incorporating insects into their diets [57-61].

While several studies have explored consumer acceptance of edible insects across
Europe, there is limited understanding of how insect-based products are perceived in
Slovenia. Adhering to European Union regulations for edible insects [62,63], Slovenia’s
strategic location in Europe has resulted in a cultural heritage influenced by Slavic, Mediter-
ranean, Balkan, and Austro-Hungarian traditions, which are also reflected in its food
choices [64-66]. A recent survey by the European Investment Bank also revealed that Slove-
nia is one of only two countries in Europe that considers the environment the top challenge
facing the nation [67]. These facts make Slovenia an excellent case study for examining how
consumers in regions influenced by long-held traditions and cultures perceive and accept
edible insects, an environmentally friendly alternative to traditional meat, and whether
sociodemographic variables influence these perceptions.

This study provides the first comprehensive analysis of Slovenian consumer attitudes
toward edible insects as food and feed through a questionnaire. Specifically, it examines
how variables such as age, education, gender, and rural versus urban residency affect
the acceptance of insects as a viable food source. The study also discusses variations in
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willingness to pay for these products and consumer attitudes toward products from animals
fed on insects. Understanding these dynamics is crucial for policymakers and businesses
venturing into edible insects to advance broader environmental objectives.

2. Materials and Methods

After reviewing the existing literature, we found no suitable survey tools in the Slove-
nian language for assessing the public perception of insect consumption and willingness to
incorporate insects into their diets. To address this gap, we created a survey in Slovenian,
which was then translated into English to make it accessible and inclusive for all residents.
The survey questions were translated and reviewed by native speakers of both languages
to maintain consistency and accuracy across translations.

2.1. Survey Design

The survey was created using Google Forms in June 2021. The survey design was based
on the study by Kulma et al. [40] in the Czech Republic, comprising six primary questions
focused on consumption habits, followed by demographic questions (Supplementary
Material: Figures S1 and S2). Designed to be user-friendly, it included closed and multiple-
choice questions and allowed respondents to skip sections if they were unfamiliar with
entomophagy or chose not to answer.

The questionnaire was organized into three key sections: consumption habits and
experiences, economic considerations, and demographic information. The consumption
habits and experiences section assessed whether participants had tried eating insects and, if
50, their experiences (positive, neutral, or negative) and their willingness to consume insect-
based foods in the future. The economic considerations section focused on respondents’
price sensitivity, asking whether they would be willing to eat insects based on different
pricing scenarios compared to conventional foods. It also gauged the acceptability of
consuming various insect species in different forms, such as hidden in food, whole and
raw, or whole and cooked, as well as their views on using insects as animal feed. Finally,
the demographic information section gathered basic details such as age, gender, education
level, and residence.

2.2. Data Collection

The questions were drafted and pre-tested with a small subset of respondents within
the research group to ensure clarity and understandability, crucial for gathering meaningful
data. The survey was distributed online through university networks and personal connec-
tions within the JoZef Stefan Institute and the JoZef Stefan Postgraduate School. Responses
were collected between July and August 2021. Five hundred thirty-seven completed web
questionnaires were received, with four hundred seventy-five in Slovenian and sixty-two
in English.

To adhere to ethical guidelines applicable to surveys aimed at collecting public re-
sponses, this study implemented strict measures following the Personal Data Protection Act
(ZVOP-1 [68], current version ZVOP-2 [69]) in Slovenia to ensure data confidentiality and
anonymity. Before attempting the survey, respondents were informed about the study’s
objectives, the voluntary nature of their involvement and the use of their responses in an
academic context. No personal identifiers, such as names, email addresses, or IP addresses,
were collected.

2.3. Statistical Analysis

The data analysis used the R statistical package (version 4.1.2). Descriptive statistics
were employed to examine the sociodemographic variables of the participants and the con-
sumption of various insects, which were visualized using a heatmap. We also performed
several statistical tests to determine if there were statistical differences between the sociode-
mographic categories’ responses to questions related to the consumption of edible insects.
For example, we used Chi-square tests to assess significant associations between categorical
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survey responses and sociodemographic variables (gender, age, residence, and education)
and independence of observations to verify that all expected frequencies in the contingency
tables were at least 5, fulfilling the conditions for valid Chi-square tests. For significant
results (p < 0.05), we employed pairwise Chi-square tests with Bonferroni correction for
each pair of categories within these variables to ensure that observed differences were
robust and not due to chance from multiple testing. For significant associations, adjusted
residuals were calculated, with values greater than +2 indicating significant deviations
from expected frequencies.

To examine the relationship between sociodemographic variables and individuals’
interest in tasting edible insects, we used an ordinal probit model. This model was cho-
sen because it had lower Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC) values, indicating a better fit than the ordinal logit model. The response
variable, which measured interest in tasting edible insects, was divided into four levels:
‘No’, ‘Somewhat no’, ‘Somewhat yes’, and ‘Yes’. The sociodemographic variables included
were gender, age, education, and residence. We fitted the model and tested the significance
of each variable using z-tests on the model coefficients, considering a p-value less than 0.05
as statistically significant.

3. Results

The demographic breakdown of the 537 survey participants (Figure 1) shows that
the majority were women (60.71%), followed by men (38.55%). Most respondents were
aged 2647 years (64.8%), with the next largest group being those aged 15-25 years (20.3%)
and a smaller percentage over 48 years (14.9%). Regarding education, the majority of the
respondents had tertiary education (72.62%), with secondary education as the next group
(24.39%), with only a small fraction having primary education (2.23%). In terms of residence
size, nearly half lived in areas with 100,000 inhabitants or more (45.81%), approximately a
quarter in areas with up to 9999 inhabitants (28.68%), and the rest in areas with 10,000 to
99,999 inhabitants (23.09%).
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Figure 1. Demographic breakdown of respondents (%, n = 537).

Of the 537 respondents, only 96 (17.87%) reported having previous experience with eat-
ing insects, while the vast majority, 441 respondents (82.12%), had never tried them (Table 1).
The results also showed that more men (19.32%) had eaten insects than women (16.56%).
The Chi-square test showed no statistically significant difference across gender (x> = 5.75,
p = 0.12). Younger respondents (15-25 years) were less likely to have eaten insects (9.17%)
compared to those aged 26-47 years (21.84%) and those aged 48 and older (12.50%), with the
Chi-square test indicating a statistically significant difference in insect consumption across
age groups (x2 = 10.90, p < 0.00). Individuals with primary education reported the high-
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est percentage of having tried insects (33.33%), followed by those with tertiary education
(19.23%) and secondary education (12.98%), although the Chi-square test showed no statisti-
cally significant difference across education levels (x? = 5.44, p = 0.14). The responses varied
significantly with population size, with 25% of those living in areas with populations of
0-9.99 thousand and 27.27% of those in areas with populations of 10-99.99 thousand having
tried insects, compared to 23.58% in larger populations (>100 thousand). The Chi-square
test indicated a statistically significant difference in residence size (x> = 11.61, p = 0.01).

Table 1. Associations between sociodemographic variables and trying insects (1 = 537).

Q1: Have You Ever Tried Eating Insects?

Sociodemographic Variables Categories No (%) Yes (%) Chi-Square (x?) p-Value

Gender Man 80.68% 19.32% 5.75 0.12
Woman 83.44% 16.56%
Not specified 33.33% 66.67%

Age 15-25 90.83% 9.17% 10.90 <0.00

26-47 78.16% 21.84%
48+ 87.50% 12.50%

Education Primary education 66.67% 33.33% 5.44 0.14
Secondary 87.02% 12.98%

education

Tertiary education 80.77% 19.23%

Residence 0-9.99 86.36% 13.64% 11.61 0.01
10-99.99 86.29% 13.71%
100 and more 76.42% 23.58%

Post hoc comparisons indicated a significant difference between the age groups 26-47
and 15-25 (p = 0.01), while there were no significant differences between the age groups
26-47 and 48+ (p = 0.25), or between 15-25 and 48+ (p = 1.86). There was a significant
difference between residents of areas with 0-9.99 thousand inhabitants and those with
10-99.99 thousand inhabitants (p < 0.00). No significant differences were found between
residents of areas with 0-9.99 thousand inhabitants and those with more than 100 thousand
inhabitants (p = 0.13) or between residents of areas with 10-99.99 thousand inhabitants and
those with 100 thousand or more inhabitants (p = 0.22).

Among those who had eaten insects, experiences varied significantly. Positive expe-
riences, i.e., with a willingness to eat insects again, were reported by 21.66% of respon-
dents. Neutral experiences were reported by 20.83%, who would consider eating insects
again under certain conditions, while 27.50% were neutral but preferred not to try insects
again. Negative experiences were reported by 15.00%, who expressed no interest in eating
insects again.

The survey also found varying responses based on sociodemographic variables
(Table 2). Chi-square analysis revealed significant associations between responses to experi-
ences of eating insects and the sociodemographic variables of age and residence. Age was
significantly associated with responses to Q2 (x? = 10.76, p < 0.00). Younger respondents
aged 15-25 reported a higher proportion of neutral experiences, with 35.71% not interested
in trying insects again, and 28.57% possibly willing to try again, but no respondents in this
age group reported positive experiences. Respondents aged 26-47 had a notable proportion
(26.88%) interested in trying insects again, while those aged 48 and older showed the
highest proportion of neutral, possibly willing to try again (46.15%). Post hoc comparisons
indicated that the difference was significant between the age groups 2647 and 15-25
(p = 0.01). No significant differences were observed between the other age groups.
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Table 2. Associations between sociodemographic variables and experience with insects (1 = 537).

Q2: Please Describe Your Experience with Insects

Negative, I

Neutral, Positive, oo
Am Not v Neutral, 7. Positive, i
i i P Rather Not riead Interested in % Chi-
Sociodemographic . Interested in Possibl: s Regularl
Variables 2 Categories Consuming Ii:h_errr;sit:d Will Trgl, };g;‘tgs Co%\sumﬁg S?:;)re p-Value
A“;‘I:‘s:rce(-s‘%) Again. (%) Again. (%) Again. (%) Insects. (%)
Gender Man 17.65% 27.45% 13.73% 29.41% 0.00% 3.31 0.35
Woman 13.43% 25.37% 26.87% 16.42% 1.49%
Not specified 0.00% 100.00% 0.00% 0.00% 0.00%
Age 15-25 0.00% 35.71% 28.57% 0.00% 7.14% 10.76 <0.00
2647 17.20% 29.03% 16.13% 26.88% 0.00%
48+ 15.38% 7.69% 46.15% 7.69% 0.00%
Education e';:;:‘t’; > 0.00% 33.33% 33.33% 0.00% 33.33% 2.33 051
Secondary 8.00% 32.00% 24.00% 12.00% 0.00%
education
Tertiary 17.39% 26.09% 19.57% 25.00% 0.00%
education
Residence 0-9.99 4.00% 32.00% 12.00% 36.00% 4.00% 1269 0.01
10-99.99 15.38% 19.23% 30.77% 11.54% 0.00%
100 and more 18.84% 28.99% 20.29% 20.29% 0.00%

A significant association was also observed between the experience of eating insects
and the residence (x* = 12.69, p = 0.01). Individuals living in areas with populations
of 0-9.99 thousand had the highest proportion of positive experiences (36.00%) and the
lowest proportion of negative experiences (4.00%). In contrast, respondents from areas
with populations of 10-99.99 thousand had the highest proportion of respondents choosing
neutral, possibly willing to try again (30.77%). Those from areas with populations of
100 thousand or more had a higher proportion of negative experiences (18.84%) compared
to other population sizes. After applying the Bonferroni correction, post hoc comparisons
indicated no significant differences between the specific population categories.

For those who had not eaten insects, interest levels varied. No interest in trying edible
insects was reported by 31.58%, 29.84% chose ‘Somewhat no’, 13.17% chose ‘Somewhat
yes’, and 20.15% showed interest in trying edible insects in the future. The survey results
indicated varying responses based on sociodemographic variables, as shown in Table 3.
Table 3. Associations between sociodemographic variables and interest in edible insects (1 = 537).

Q3: Do You Have Any Interest to Taste Edible Insects in the Future?
Sociodemographic . o, Somewhat Somewhat o, Chi-Square
Variables Categories No (%) No (%) Yes (%) Yes (%) %) p-Value
Gender Man 28.79% 21.72% 13.64% 32.83% 13.98 <0.00
Woman 33.76% 34.71% 13.06% 17.52%
Not specified 0.00% 50.00% 0.00% 50.00%
Age 15-25 24.77% 38.53% 15.60% 21.10% 0.74 0.69
2647 34.14% 24.77% 13.29% 25.08%
48+ 30.26% 39.47% 9.21% 19.74%
Education Fdmag 8.33% 50.00% 25.00% 16.67% 447 0.22
education
Semdary 29.46% 34.88% 10.08% 24.03%
education
Tertioey 32.61% 27.49% 14.02% 23.72%
education
Residence 0-9.99 31.54% 31.54% 14.77% 20.81% 7.13 0.07
10-99.99 25.42% 33.90% 13.56% 26.27%

100 and more 33.47% 26.27% 12.71% 24.58%
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A significant association was found between responses to Q3 and the sociodemo-
graphic gender (x> = 13.98, p < 0.00). Male respondents were more likely to express definite
interest (32.83%) than female respondents (17.52%). The proportions of male and female
respondents who were somewhat interested were almost the same; however, a higher
proportion of female respondents (34.71%) were somewhat uninterested than male respon-
dents (21.72%). In the case of a definite ‘No’, more women (33.76%) chose this option than
men (28.79%). Post hoc analysis revealed that significantly more men chose “Yes’ (adjusted
residual = 3.98), while significantly fewer women chose ‘Yes’ (adjusted residual = —3.98).

The ordinal probit model analysis results identified gender as a significant predictor
of interest (8 = —0.1754, p = 0.001), indicating that men are more likely to express interest
in tasting edible insects than women. In contrast, age (8 = —0.1117, p = 0.207), educa-
tion (B = —0.0714, p = 0.495), and residence (B = 0.0035, p = 0.954) were not statistically
significant, suggesting these factors do not substantially influence interest. The model
also estimated threshold values to mark points on the latent propensity scale where the
probability of moving from one interest level to the next changes. The thresholds were
—0.9234 (p < 0.001) between ‘No’ and ‘Somewhat no’, —0.2427 (p = 0.001) between ‘Some-
what no’ and ‘Somewhat yes’, and —0.9064 (p < 0.001) between ‘Somewhat yes” and “Yes’.
The significant negative coefficient for gender, combined with these thresholds, indicated
that men are generally more likely to progress to higher levels of interest in tasting edible
insects than women. Figure 2 shows the predicted probabilities: the blue line represents the
predicted probabilities for men, while the purple line represents the predicted probabilities
for women. The higher position of the blue line indicates that men have a higher likelihood
of interest in tasting edible insects across the range of predictors.
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Figure 2. Predicted probabilities of interest levels by gender using the probit model.

In questions investigating the acceptability of consuming various insect types, the
responses highlighted a significant preference for ingesting insects in non-visible, integrated
forms (Figure 3). Crickets, grasshoppers, and locusts were the most favorably received,
with 38.1% of participants open to consuming them in a hidden form, 9.1% accepting
them whole and cooked, and 7.6% agreeable to consuming them in any form. This higher
acceptance suggests these insects may not trigger disgust as others do, likely due to regional
cultural and religious influences [65].
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Figure 3. Heatmap of consumer acceptance for different insect types and forms of consumption.

Ants and termites garnered a mixed reception, with 35.4% acceptance in hidden forms,
5.9% whole and cooked, and 7.4% in any form, reflecting perhaps a less pronounced bias
due to their smaller size and less conspicuous nature. Beetle larvae and beetles also showed
moderate acceptance levels; 36.0% and 36.8% of respondents, respectively, would consider
these insects if disguised in food. Specifically, beetle larvae were acceptable to 4.2% of
respondents in their whole form and 5.3% in any form, while beetles were acceptable to
3.6% whole and 3.4% in any form.

In contrast, cockroaches showed the lowest acceptability, with only 3.2% of respon-
dents willing to consume them whole and cooked and 2.7% in any form, although 31.6%
would consider them if presented in a hidden form. These results indicate strong cultural
and psychological barriers against insect visibility in food.

From the 339 respondents who answered questions about the pricing of insects and
insect-based foods, 173 (51.03%) indicated they would be willing to purchase such products
if priced similarly to their conventional equivalents. Another 134 respondents (39.52%)
stated they would consider incorporating insect-based products into their diet if the price
was lower than that of conventional products. Only 32 respondents (9.43%) were prepared
to buy insect-based products regardless of the higher price. This finding suggests significant
price sensitivity among potential consumers of insect-based foods.

Regarding using insects as an alternative protein source for livestock, 325 respondents
(60.52%) favored eating meat from livestock fed on insects, and 68 respondents (12.66%)
were against it. Meanwhile, 144 respondents (26.81%) did not have an opinion on this topic,
indicating some uncertainty or lack of knowledge about the implications of such practices.

4. Discussion

To the best of our knowledge, this survey provides the first online collected and sta-
tistically evaluated data on consumer perceptions toward insects in Slovenia, revealing
crucial patterns that enhance our understanding of entomophagy in the region. A substan-
tial proportion of Slovenian respondents who had never tried insects indicated a general
reluctance or lack of opportunity to engage with this alternative protein source. Similar
findings from Poland, Germany, Hungary, Switzerland, and the Czech Republic reflect
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consumer reluctance toward entomophagy as a result of cultural influences and limited
exposure to insect-based products [70-72].

Approximately only 20% of respondents had tried insects, which could also indicate a
limited market presence, with no commercial insect-based products currently available for
most consumers to try. Among those who had tried insects, a notable proportion opted
for negative or neutral responses and preferred not to try insects again, pointing to the
necessity of addressing specific concerns related to neophobia, disgust, and sensory aspects
(taste, texture, and presentation), as discussed in the literature [73-77].

Previous research identified sustainability as a key motivator for new consumers to
try insect-based foods, particularly due to the reduced environmental impact and resource
conservation associated with insect farming [11,19,37,75]. However, cultural and social
norms remain significant barriers, especially in Western countries, where insect consump-
tion is often associated with disgust and food neophobia. In contrast, in countries where
entomophagy is already practiced, there is already an acceptance of insects as food, and
the greater focus lies on the positive sensory attributes, availability, and affordability of
insects [51,76].

Experiences of eating insects also varied significantly with age and education. The
findings show that individuals in the 2647 age group [15,34] and those with higher
education levels [34,75] had more positive experiences with insects. This finding suggests
that educational initiatives focusing on the nutritional and environmental benefits of
entomophagy could be particularly effective in these demographics. Although individuals
from rural areas had tried insects in a higher proportion than those residing in urban
areas, there were no significant differences in their willingness to try insects in the future,
possibly due to greater exposure and adoption of global food trends. The results also
indicated that although there were no significant differences in gender for trying insects, a
higher proportion of men were more likely to rate their experience positively and would
try them again. These findings support previous researchers’ findings, who also found
that male and young participants were more curious and adventurous regarding edible
insects [32,39,40,61,78].

The findings also highlight varying degrees of acceptability towards insects and differ-
ent forms of insect-based products, with the highest acceptance for crickets, grasshoppers,
and mealworms, which is consistent with previous observations [79]. While overall will-
ingness to consume insects in recognizable forms was low, a substantial proportion of
respondents were open to consuming insects in hidden forms, such as powders and flour,
which have shown positive consumer acceptance due to their taste and perceived higher
nutritional value [40,45,80].

Price sensitivity emerged as a crucial factor influencing the potential consumption
of insect-based products. More than half of the respondents indicated a willingness to
purchase these products if priced similarly to equivalent conventional foods, while 40%
preferred lower prices, and 10% were willing to pay more. This result emphasizes the need
for competitively priced products as one of the strategies to increase acceptance [77].

Most survey respondents supported using insects as an alternative protein source
for livestock, aligning with similar findings from a study by Verbeke [39], which noted
favorable opinions among farmers, citizens, and agriculture sector stakeholders. Research
also indicates acceptance of insect-based feeds in aquaculture across Mediterranean coun-
tries such as Spain, Greece, and Italy. Baldi et al. [81] noted that young Italian males
and those aware of environmental benefits were more receptive to consuming insect-fed
fish. Rumbos et al. [82] reported that most Greek participants at an aquaculture conference
supported eating insect-fed fish, motivated by the potential to reduce pressure on wild fish
stocks and enhance environmental sustainability.

Given that the findings show a moderate interest in eating insects among Slovenes,
marketing efforts should focus on factors influencing consumers’ willingness to try in-
sects [83]. Emphasizing positive sensory experiences and offering recipes can help con-
sumers incorporate insects into their meals more easily. Barriers like disgust and fear of
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new foods are significant but can be reduced by presenting insects in processed forms, like
flour or pastes, and incorporating them into familiar dishes [84,85].

Providing detailed information on the health and nutritional advantages, sustainabil-
ity, safety, quality, and authenticity of edible insects can make them more appealing as
a food choice [86]. These benefits can be highlighted through clear labeling, ingredient
transparency, and information on sustainability parameters. Leveraging social media and
celebrity endorsements could also position insect-based products as a sustainable alterna-
tive for receptive groups [87]. Most importantly, collaboration among government bodies,
researchers, and businesses is essential to provide accurate information through educational
programs [88], address concerns, and effectively promote the benefits of edible insects.

Limitations and Future Research

Although the study has many strengths and provides insights into a country’s residents
with diverse influences, it also has some limitations. The limited number of participants,
mostly university students and staff, may not accurately represent the opinions of the
wider Slovenian population. The study employs a quantitative approach with close-ended
questions, which do not always capture the reasons behind participants’ choices in the
survey. The questionnaire, adapted from the design of another study, covered important
topics such as the price and use of insects for feed, but it did not address social reasoning,
health and safety concerns, or individual perceptions of the environment. These aspects
could have offered deeper insights and allowed for comparisons with other countries,
extending the generalizability of the findings to other European nations with similar
cultural and regional influences. Additionally, the study did not compare the costs of insect
products with traditional foods.

Future research should consider including a larger sample size with a more diverse
group, taking into account different ages and educational attainment levels to improve
generalizability. The questionnaire should also include environmental concerns, health
perceptions, and cultural dietary traditions for a more comprehensive understanding of
consumer attitudes. Qualitative research methods could provide a deeper understanding of
the rationale behind the responses to the questionnaire. Lastly, comparing insect products
with comparable traditional foods and conducting a cost analysis could provide valuable
information on consumer price sensitivity and preferences.

5. Conclusions

The findings from this study provide valuable insights into the sociodemographic
factors influencing attitudes toward eating insects in Slovenia. Specific demographic groups,
such as younger individuals, those with higher education, and men, could be targeted to
increase the acceptance and integration of edible insects into mainstream diets. The data
suggest that the most widely accepted way to consume insects in Slovenia is in hidden
forms, such as insect flour. While market and cultural acceptance still require significant
development, there is potential for insects as an alternative protein source. Addressing
fears about taste and texture and communicating the benefits and safety of eating insects is
crucial. Moreover, collaboration between businesses, researchers, and government will be
vital to making insect-based foods a popular choice.
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Figure S1: Edible Insects Survey (Slovenian Version)

Raziskava o stali$cih in percepcijah do prehranjevanja z Zuzelkami v zahodnih kulturah

Entomofagija je izraz, ki jo uporabljamo v praksi uZivanja Zuzelk kot hrane, zlasti pri ljudeh. Doslej je bilo zabelezenih ve¢ kot
2000 vrst zuzelk, ki se uZivajo v vseh oblikah in Zivljenjskih obdobjih po vsem svetu v ve¢ kot 100 drzavah (Afrika, Azija,
Oceanija in Juzna Amerika). UZitne ZuZelke so hranljive in veljajo za ¢loveka okolju prijazen vir beljakovin, vitaminov in
aminokislin. Vseeno je uzivanje zuzelk v zahodni kulturi $e vedno tabu, a ¢eprav so uzitne Zuzelke le redko na jedilniku, je
prehod na prehranjevanje Zuzelk Siroko obravnavana tema, saj se ¢lanki v medijih pojavljajo skoraj vsak dan. Evropska
komisija je Ze prejela Stevilne prijave novih Zivil, povezanih z zuzelkami. Od tistih Zuzelk, ki so vstopile v fazo ocene tveganja,
je EFSA odobrila suhe rumene mokarje (licinke Tenebrio molitor) za prehrano ljudi in bi jih lahko v skladu z Uredbo (EU)
2015/2283 steli za novo Zivilo. Nekatere evropske drzave pravzaprav Ze dovoljujejo prodajo ZuZelk kot hrano v skladu s
»prehodnimi ukrepi“ v skladu z novo zakonodajo o hrani. Kljub temu $e vedno ni jasno, ali to odraza pomemben premik
zahodnega odnosa do ZuZelk kot alternativnega vira hrane, kar predstavlja osnovo za nadaljnje raziskave.

Ta vprasalnik je bil oblikovan v znanstvene namene v sodelovanju Univerze za Zivljenjske znanosti v Pragi, Ceska z Institutom
“Jozef Stefan”. Glavni namen je raziskati stali$¢a in percepcije do prehranjevanja zuZelk v zahodnih kulturah. Izpolnjevanje
vprasalnika vam bo vzelo priblizno 5 minut vasega ¢asa. Rezultati ankete so namenjeni samo akademskim raziskavam
(prostovoljno sodelovanje), vsi odgovori pa bodo anonimni.

Za vas Cas in sodelovanje se vam najleps$e zahvaljujemo!

1. Aliste kdaj uzivali Zuzelke?
O  Da. Preskogite na vprasanje 2.
O  Ne. Preskocite na vprasanje 3.
2. Prosim, opisite vaso izkusnjo pri uzivanju zuzelk.
Pozitivno, redno uzivam ZuZelke.
Pozitivno, ponovno bi jedel Zuzelke.
Nevtralno, bi ponovil in ¢e bi mi bilo v§eg, bijih jedel.
Nevtralno, morda bi ponovno jedel Zuzelke.
Negativno, uZivanje Zuzelk me ne zanima ve¢. Preskogite na vprasanje 6.
Ostalo: Preskocite na vprasanje 4.

[cXoNoReoReNe]

3. AlibiZeleliv prihodnosti okusiti uzitne zZuzelke?
(6] Da.
(@] Bolj da kot ne.
O  Ne. Preskocite na vprasanje 6.
O Rajene.
O  Ostalo: Preskocite na vprasanje 4.
4.  Scenovnega vidika, ali ste pripravljeni jesti Zuzelke?
(o] Le ¢e bi bila cena nizja od obic¢ajnih Zivil.
0O  Ce bibila cena primerljiva z obi¢ajnimi Zivili.
O Tudi¢e bi bila cena visja od obicajnih Zivil.
5.  lzberite sprejemljivost uzivanja naslednjih skupin vrst:

Da, v katerikoli obliki Da, v skriti obliki Da, celein surove Da, cele inkuhane Ne
Seurki [¢] (6] (6] (0] (0]
Hros¢i [¢] (6] (6] (6] ]
Mravlje in termiti (0] (e] (0] [¢] 6]
Li¢inke hroscev (8 (6] (6] (6] ]
Crigki, cvréalke in kobilice (e} (0] (0] 0] o]

6. Kaksno je vaSe mnenje o krmljenju Zivine z Zuzelkami? Bi uzivali meso Zivine, ki se hrani z Zuzelkami?
O  Pozitivno -da, bi.
0O Negativno - ne, ne bi.
O  Nimam mnenja o tej temi.

7. Spol

O Zenska

O  Moski

O  Nedoloéeno
8.  Starost

O 1525

O 26-47

O 48+

9. lzobrazba
O  Primarnaizobrazba
O  Sekundarnaizobrazba
O Terciarnaizobrazba
10. Prebivali$ce (vtisocih prebivalcev)
O 09,99
(0] 10-99,99
O 100and more
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Figure 52: Edible Insects Survey (English Version)

Attitudes and Perceptions Towards Eating Insects in Western Cultures

Entomophagy refers to eating insects as food, especially by people. At present, more than 2000 insect species are eaten in
more than 100 countries (Africa, Asia, Oceania and South America) in all varieties and life stages. Edible insects are nutritious
and considered an environmentally sustainable source of protein, vitamins, and amino acids for humans. All the same, insect
consumption is still taboo in Western culture, but although edible insects are rarely on the menu, the move towards eating
insects is a widely discussed topic, with articles appearing in the media almost daily. The European Commission has already
received many insect-related novel food applications. Of those insects that have entered the risk assessment phase, dried
yellow mealworms (Tenebrio Molitor larva) have been approved for human consumption by the EFSA and could be considered
a novel food pursuant to Regulation (EU) 2015/2283. In fact, some European countries have already permitted the sale of
insects as food under the “transition measures” of the Novel Food law. However, it remains to be investigated whether this
reflects a significant shift in Western attitudes towards eating insects.

This questionnaire was created solely for scientific purposes by researchers at the Czech University of Life Sciences, Prague
and Slovenia’s Jozef Stefan Institute, Ljubljana, to explore Western people’s attitudes and perceptions towards eating
insects. The completion of the questionnaire will take approximately 5 minutes. The survey results are for academic research
only (voluntary participation), and all answers will be kept anonymous.

We sincerely thank you for your time and participation!

1. Haveyou ever tried eating insects?
O  Yes (Skip to Question 2)
O  No (Skip to Question 3)
2. Please describe your experience of eating insects.
Positive, | am eating insects regularly
Positive, | am interested in trying insects again
Neutral, rather not interested in trying again
Neutral, possibly will try again
Negative: | am not interested in consuming insects anymore (Skip to Question 6)
Others: Skip to Question 4
3. Do you have any interest in tasting edible insects in the future?
Yes
Somewhat yes
O  No (Skip to Question 6)
O Somewhat no
O  Others: Skip to Question 4
4. From the point of pricing, you are willing to eat insects:
O  Onlyif the price would be lower than conventional foods
O  Ifthe price would be comparable to conventional foods
O  Evenifthe price would be higher than conventional foods

[oNeoNoRoReNe]

[eNe)

5. Choose an acceptability of consumption of the following species groups:

Yes, inanyform Yes, in hidden form Yes, whole, raw Yes, whole, cooked No
Cockroaches (¢] (¢] O 6] (0]
Beetles and bugs (6] (¢] O [¢] [¢]
Ants and termites (0] (e] 0] o (0]
Beetle larvae [e] (6] O [¢] (6]
Crickets, katydids and locusts (0] (¢] o o (6]

6.  Whatis your opinion about feeding livestock with insects? Would you consume meat from livestock fed on insects?
O  Positive, yes, | would
(6] Negative, no, | would not
O |do not have an opinion on this topic

7. Gender

O Woman

O Man

(o] Not specified
8. Age

O 15-25

O  26-47

O 48+

9.  Education
O  Primary education
O  Secondary education
O  Tertiary education
10. Residence (in thousands of inhabitants)
(0] 0-9.99
(0] 10-99.99
O 100and more
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3.3 Scientific Paper: “Quality, safety and authenticity of
insect protein-based food and feed: insights from the
INPROFF Project”

The paper titled “Quality, Safety, and Authenticity of Insect Protein-Based Food and
Feed: Insights from the INPROFF Project” by David Heath, Anja Vehar, Lenka
Koufimska, Martin Kulma, Petra Skvorova, Hana Subrtova Salmonova, Nayyer Rehman,
and Nives Ogrinc is presented in this chapter. My contributions to this work included
analysing consumer attitudes and perceptions towards insect-based foods, as well as
examining regulatory frameworks and policies relevant to insect protein within the EU.

This paper was published in Fxploration of Foods and Foodomics in 2024 and is part
of the INPROFF Project—a collaborative effort between Slovenian and Czech institutions
aimed at advancing insect farming as a sustainable protein source for both human and
animal consumption. Given that edible insect products offer a potential solution to
Europe’s protein deficit, the study explored consumer acceptance, the impact of regulatory
policies, and industry challenges in quality and safety. This work adds to the expanding
literature that supports alternative protein options within European food systems.

The INPROFF project is structured around three thematic pillars: (P1) nutritional
enhancement, (P2) safety and quality, and (P3) authenticity, traceability, and consumer
acceptance, with each pillar addressing unique challenges in insect-based foods. My focus
was primarily within Pillar III, where I assessed consumer preferences and attitudes
through a survey of over 500 participants across Europe. The study identified key
determinants of consumer acceptance, including familiarity, sensory attributes, and
perceived environmental benefits, while also noting the significant role of food neophobia
as a barrier.

The research also analysed regulatory factors, highlighting the strict EU Novel Food
Regulations (EU 2015/2283), which govern the authorisation of edible insect products.
Other critical regulations, such as the animal feed safety standards and labelling
requirements under EU 2017/893, further impact the industry. The conclusions of Pillar
III emphasised the need for policy adjustments to accommodate the growing market
demand for insect protein and suggested strategies to promote greater acceptance among
consumers, including transparent labelling and informational campaigns to address cultural
resistance.

Key findings of the study underscored moderate acceptance of insect-based foods, with
consumer interest varying significantly based on product format (e.g., insect powder vs.
whole insects) and presentation. Processed forms, such as powders or hidden ingredients in
familiar food products, were found to be more acceptable to European consumers.

The study also revealed a pronounced preference for products with clear environmental
benefits, with respondents indicating that sustainability claims could positively influence
their willingness to try insect-based foods. These insights contribute to the broader goal of
Pillar III by offering actionable recommendations for policymakers and industry
stakeholders to improve the marketability and acceptance of insect-based proteins across
Europe.

This research was presented as a poster at the 2nd ISO-FOOD Symposium: ISO-FOOD
from Food Sources to Health, held in Portoroz, Slovenia, in 2023. The INPROFF Project’s
findings contribute essential insights for advancing sustainable protein sources in the
European market, supporting efforts to build consumer trust and address regulatory
challenges as insect-based products gain traction in the food industry.
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Abstract

This paper reviews the nutritional quality and safety of edible farmed insects from the point of view of the
Czech-Slovenian bilateral project: Quality, Safety and Authenticity of Insect Protein-based Food and Feed
(INPROFF). Insects as a sustainable source of dietary protein for animal feed and even humans, when
integrated into the European agrifood system, could offer a solution to Europe’s feed protein deficit and
help alleviate environmental pressure from increasing protein demand, such as declining availability of
land, water, marine and energy resources, the overuse of pesticides and reduced biodiversity. However,
despite a growing interest in the European Union (EU) in farming edible insects, many economic, scientific,
technological, and social barriers remain. In response, Slovenia, represented by the JoZef Stefan Institute,
the Biotechnical Faculty of the University of Ljubljana, and Jata Emona d.o.o. (the leading supplier of
feedstuffs for the Slovenian market), a country with no history of insect rearing but an interest in
alternative protein, joined with the Czech University of Life Sciences Prague, representing the Czech
Republic—a country with a history of insect rearing and research into edible insects—to establish INPROFF
a three-year bilateral project that aims to close the knowledge gap regarding the quality and safety of
insect-based products and boost the farmed insect food and feed value chain. Specifically, it comprises three
thematic pillars: (P1) nutritional enhancement, (P2) safety and quality and (P3) authenticity, traceability,
and consumer acceptance. The paper also discusses the gaps in the metrological challenges of analysing

© The Author(s) 2024. This is an Open Access article licensed under a Creative Commons Attribution 4.0 International
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing, adaptation, distribution
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insects, which will be critical for ensuring safety, quality, and sustainability. The paper finds that although
much work has been done, many exciting avenues remain for new research.

Keywords

Farming insects, alternative protein, quality, fermentation, safety, authenticity, traceability, metrology

Introduction

As demand for sustainable protein intensifies, many food scientists propose using farmed insect protein for
animal feed and even for human consumption. Moreover, in 2013, the Food and Agriculture Organisation
(FAO), a part of the United Nations, published a report recommending consuming insects as a sustainable
solution to the shortage of world food supplies [1] and are now generally accepted as a sustainable way to
help alleviate Europe’s feed protein deficit having a significant role in the EU’s protein strategy [2-5].

Unlike wild-caught insects in many parts of the world, farmed insects in Europe are considered
(legally) no different from other farmed animals and must comply with National and EU legislation, and
although a full review of the EU legislation is beyond the scope of this paper, the growth of the farmed
insect industry will be significantly impacted by the legislation. Historically, given that insects were not
consumed in the countries that make up the EU, they are covered by Regulation (EU) 2015/2283 on Novel
Foods [6], which governs the authorisation and marketing of novel foods, including insects, within the EU
following an assessment by the European Food Safety Authority (EFSA) and, as of the time of writing, it
includes yellow mealworm (Tenebrio molitor), house cricket (Acheta domesticus), migratory locust (Locusta
migratoria) and the buffalo worm (Alphitobius diaperinus). Producers must also comply with, among others,
regulations regarding general principles and standards governing food and feed safety (Regulation
[European Commission (EC)] 178/2002), hygiene rules [Regulation (EC) 852/2004], animal health
[Regulation (EU) 2016/429], proper labelling with regards allergen information, nutrition labelling, and
country of origin labelling [Regulation (EU) 1169/2011]; importation [Regulation (EU) 2019/626], and use
of animal by-products [Regulation (EU) 142/2011] [7-12].

Strict regulations also exist regarding animal feed, including placing feed on the market concerning
safety, labelling, and traceability requirements [Regulation (EC) No 767/2009] and a catalogue of
authorised feed materials, which includes insects and their products, that can be used in animal feed
formulations [Regulation (EU) No 68/2013] [13, 14]. Moreover, in the EU, insect protein is classified as
processed animal protein (PAP), and its use, production, and labelling are strictly controlled under specific
rules [Regulation (EU) 2017/893] [15]. Insects approved for animal feed in aquaculture include black
soldier fly (Hermetia illucens), yellow mealworm, common housefly (Musca domestica), lesser mealworm
(Alphitobius diaperinus), house cricket, field cricket (Gryllus assimilis) and, as of 2024, the silkworm
(Bombyx mori) pupae are authorised for use in aquaculture feed. The recent changes to the regulations
allowing certain insect PAPs in pig and poultry feed represent a boon for the farmed insect industry.
However, ruminants still cannot feed insects due to transmissible spongiform encephalopathies (TSEs).
Overall, many producers and promoters of edible insects feel that legislation regarding what substrate (e.g.,
food waste) insects can be fed is restrictive and is holding back the field [2]. A detailed review of all the
regulations relating to EU law is published by the International Platform of Insects for Food and Feed
(IPIFF) [16].

Even though insects are now on the market and have passed scrutiny by EFSA, there remain many gaps
in the knowledge regarding farmed insects and many challenges in improving their economic viability (feed
modification) and acceptability to the consumer. In response, in 2021, the JozZef Stefan Institute (JSI), the
Biotechnical Faculty of the University of Ljubljana (UL-BF), the Czech University of Life Sciences Prague
(CZU) and Emona Nutrition Research & Development Department of Jata Emona d.o.o. (ENR-JE), Slovenia’s
leading feed producer established a joint three-year bilateral research project INPROFF: Quality, Safety and
Authenticity of Insect Protein-based Food and Feed. The project, jointly funded by the Slovenian Research
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Agency (ARIS) and The Czech Science Foundation (GACR), is designed to generate new knowledge and
stimulate scientific cooperation. It employs various strategies to close the knowledge gap regarding the
quality and safety of insect-based products. The project focuses on the yellow mealworm, house cricket and
migratory locust. These were chosen because they are already on the market and are relevant as both food
and feed.

At the project’s core are three thematic pillars: (P1) nutritional enhancement, (P2) safety and quality
and (P3) authenticity, traceability and consumer acceptance, all of which are underpinned by one
horizontal activity: (H1) insect production and characterisation (Figure 1). Pillar I seeks to optimise the
nutritional quality of insect biomass by investigating the rearing of insects on both conventional and
alternative feeds and through fermentation of their biomass. Pillar 11 is concerned with the safety of farmed
insects by developing advanced analytical protocols to assess their chemical and biological safety. Finally,
Pillar 111 is about developing forensic tools to verify the authenticity of insect-based products, promoting
transparency and trust in the market, as well as seeking to understand consumer attitudes and acceptance
towards eating insects. Moreover, the project is intended to catalyse future collaborations for continual
advancements in insect farming research and innovation.

Horizontal activity: Insect production and characterization

Pillar I: Nutritional Pillar 11: Safety and Pillar lll: Authenticity
enhancement Quality and traceability

6'°C, 8N, 6%S, §'°0, 62H
Feed modification
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Figure 1. Thematic pillars of the project. Created with BioRender.com

In this paper, we review the current state-of-the-art and challenges regarding farmed edible insects
pertaining to the three thematic pillars of the INPROFF project. Among four primary academic peer-
reviewed databases: Google Scholar, Scopus, Web of Science, and Science Direct, Scopus was selected as it is
one of the leading international and prominent databases, familiarity, and delivered a significant number of
hits for the search term “edible insects” (Table 1). The search term “edible insects” although it includes
wild-caught species not covered by this review, was a better catch-all term than “farmed insects” and
“entomophagy”. The search was restricted to the following fields: Title, Abstract, and Author Keywords.
Acceptance criteria included all articles published in English between 2004 and 2024. The analysis
identified over 2,000 papers going back 20 years (Table 1). A comprehensive list of search terms is
provided in the supplementary information (Table S1), while Table S2 presents the search results (hits) for
the term “edible insects” along with the studied species. The findings indicate that the most studied species
is “Tenebrio molitor”.
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Table 1. Search results (hits) for the search term “edible insects” in different databases and results of connected terms

performed in Scopus (Search fields: article title, abstract, keywords)

Search term Hits (2004-2024)
“Edible insects”
Google Scholar 1,710
Scopus 2,011
Web of Science 1,401
Science Direct 673
“Insects” 236,679
“Edible insects” 2,011
“Entomophagy” 866
“Farmed insects” 43
“Edible insects” AND ...
“Nutrition” (Pillar 1) 315
“Safety” (Pillar II) 362
“Authenticity” (Pillar I1) 12
“Metrology” 0

When the number of publications is plotted against years, the results reveal how scientific interest in
edible insects has increased significantly since 2014 and the publication of the FAQ’s paper on Edible Insects
Future Prospects for Food and Feed Security by van Huis et al. [1] (Figure 2). The retrieved articles were
further probed using targeted keywords tailored to each pillar theme to identify significant knowledge
gaps, and then they were systematically scrutinised for inclusion in the review. Regarding the different
thematic pillars, safety, followed closely by nutrition, produced similar hits. The search term “authenticity”
produced a significantly smaller number of hits, while the term “metrology” produced no hits (Table 1). The
full results are presented in the supplementary (Table S1).
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Figure 2. Plot of number of papers vs. publication year (Search fields: article title, abstract, keywords: “edible insects”, data:
Scopus)

Pillar I: enhancing the nutritional quality of insect biomass

As mentioned, as part of a more sustainable European protein strategy, farmed insect protein content is a
viable option for becoming more self-sufficient in protein production for feed and human consumption.
Pillar I aims to achieve two objectives: enhancing the nutritional and functional value of insect biomass and
adapting insect feed composition to include agri-byproducts, thereby enhancing their nutritional quality.
For instance, the INPROFF project explores how fermentation can boost nutritional values, sensorial
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properties, and safety/shelf life. It also looks at ways to modify insect feed by adding agricultural by-
products to make insects more economically viable and competitive with conventional protein sources,
such as soybeans.

The literature review reveals that farmed insects are a rich source of easily digestible quality protein [~
40-75 g/kg of dry matter (DM)] equivalent to meat [17, 18]. They can also provide most of the essential
amino acids, including lysine, leucine, phenylalanine and tryptophan, fat and lipids (approx. 20-55 g/100 g)
[19, 20] along with several essential fatty acids with total polyunsaturated fatty acids (PUFA) accounting for
3-50% [20]. They also contain fibre (8.5-27 g/100 g) and carbohydrates, mostly chitin (2.7 mg and 49.8 mg
per kg of fresh weight), as well as minerals (Ca, K, P, Na, Mg, Cu, Fe, Zn, and Mn) and vitamins A, D, E, K, and
C and B groups vitamins [20]. Insects also represent an excellent sustainable source of chitin (5-15% w/w)
[21]. The latter values were obtained using a reliable electrophoresis assay developed within INPORFF,
which overcomes the inherent problem of being unable to distinguish between chitin and cellulose.

Bioactive compounds like antioxidant enzymes and peptides are also present in insects [22], some of
which have therapeutic potential [23]. For instance, cantharidin from blister beetles can induce apoptosis in
cancer cells by affecting nucleic acid and protein metabolism in hepatocellular carcinoma cells. Cecropin
peptides found in some insects have shown cytotoxic effects against leukaemia and lymphoma cells by
forming pores in their plasma membranes [24]. Traditional Chinese medicine frequently utilises insect
extracts to treat various ailments, including cancer [23]. Not all bioactive compounds are necessarily
beneficial. Insects belong to foods with high levels of total purine (3.23-13.22 g/kg DM) and uricogenic
purines (adenine and hypoxanthine: (1.55-8.86 g/kg edible DM), which contain amounts analogous to meat
(3.61-5.53 g/kg meat DM) and are a problem for those who suffer from gout and kidney stones [25]. From
this perspective, the study’s authors conclude that the study insects make unsuitable alternatives for low-
purine diets.

Although polyphenols are commonly associated with plants, insects also contain polyphenolic
compounds, which act as antioxidants with anti-inflammatory, anti-cancer, antityrosinase, antigenotoxic,
and pancreatic lipase inhibitory activity [26]. Insects also possess polyphenols serving as pigments and
chemical defences, and they can synthesise and store non-dietary phenolic compounds through
sclerotisation [27]. They also have the capability to selectively absorb and accumulate flavonoids in their
bodies from the larval stage via their host plant, so their diet is important in determining the type and
amount of polyphenols present [26]. Research into the content and specific bioactive properties of insect-
derived polyphenols remains ongoing.

Nutritionally, the case for insects is strong; however, more rigorous analyses are needed, including
assessments of insect nutrients not thoroughly investigated (particularly vitamins), the presence of non-
nutrients and anti-nutrients and how they influence the digestibility and bioavailability of nutrients in
various species and processed products. A lack of such studies also means there is currently a limited
understanding of how insect-based foods affect the human and animal gut microbiome [28]. Imbalances in
the human gut microbiome are linked to metabolic and non-communicable diseases, gastrointestinal
conditions, allergies, asthma, and even neuropsychiatric disorders [29]. An even more significant gap exists
(search hits = 8) in our understanding of the insect gut microbiome.

Insects are also promoted as a more sustainable option than conventional non-plant protein sources
[30-32]. For example, the rearing of insects through vertical farming, which, unlike locusts, is particularly
suited to the mealworm, requires far less land (3.6 m?/kg of fresh insects to 94.7 m?/kg of dry insects),
significantly less water (0.42-0.82 m® of water depleted per 1 kg of fresh insects); have highly efficient feed
conversion rates (50-70%); produce less waste and amenable to further processing and rearing in modern
production systems [33-35]. The result is lower greenhouse gas emissions (2.3-3.1 kg CO, eq per kg of
fresh insects) than other non-plant protein sources [36, 37]. Insects, those in larvae form, can also serve as
aqua feed alternatives, replacing traditional non-sustainable options like fish meal [3].
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The nutritional content of insects varies based on numerous factors, which means that it can be
improved using specific measures in farming technology to improve the efficiency of the animal’s diet [38].
For insects to compete economically with other sources of animal feed, it will be necessary to rear them on
by-products and waste from the food industry and agriculture, i.e., transforming low-value organic by-
products into high-value food or feed [32, 39, 40], thereby reducing costs and increasing the economic
viability of insect-based feed [41]. However, this will require the development of nutritionally balanced
insect diets. Similarly, insects can also be a source (bio-factories) of other valuable secondary commodities
for pharmaceuticals, biofuels and lubricants [42, 43], and their waste (frass) can be used as fertiliser [44,
45].

Farming edible insects allows an opportunity to manipulate the nutrient content of insects via their
feed [46, 47]. For example, the transfer of beneficial substances such as carotenoids or omega-3 fatty acids
(n-3) from feed to insects has been observed [38, 48]. These fatty acids, omega 3 (n-3) and omega 6 (n-6),
are required in mammalian diets because mammals cannot synthesise these de novo. Although essential for
health, Western diets contain too little n-3 and too much n-6 PUFA. Increasing the beneficial fatty acids
amounts of n-3 PUFA, which would result in more favourable n-6/n-3 ratios, would benefit animal feed and
humans since it can reduce coronary heart disease, cancer, autoimmune and inflammatory diseases [49].
For example, Skvorova et al. [47] have shown that rapeseed cake can substitute soybean meal in feeding the
field cricket, resulting in higher crude protein levels and lower amounts of palmitic acid.

Fermentation is an effective method for enhancing the nutritional properties of certain foods and is
being investigated to extend their shelf life [50, 51], microbiological safety and sensory characteristics [50,
52, 53]. It is also being used as a way of increasing the efficiency of their original bioactive compounds
(functional value) via their release or transformation by lactic acid bacteria (LAB) as well as enriching the
substrate in their metabolites, e.g., polysaccharides, bioactive peptides, vitamin B12, short-chain fatty acids
[54, 55]. These transformations are associated with improving the bioaccessibility and bioavailability of
food components and their health-related properties [55].

Moreover, fermentation can also increase the digestibility and stability of waste before being utilised as
insect feed by converting food and by-product wastes into ingredients for artificial insect diets [51, 56].
Companilactobacillus appears most promising, resulting in a significant increase in free glutamic and
aspartic acid. These compounds are responsible for the umami flavour of fermented foods and might
stimulate consumer acceptance of insects and their consumption [57]. Hadj Saadoun et al. [58] applied
lactic acid fermentation of waste to the puparia and dead adults of black soldier flies. The authors showed
that the fermented puparium has a high antimicrobial activity against three pathogenic strains: Salmonella
enterica, Listeria monocytogenes, and Escherichia coli. The authors also reported a shift in lipid composition
from that typical of insects to one containing fatty acids, while the LAB strains could modify the biomass’s
protein composition depending on the specific LAB strain and the substrate.

Pillar II: safety and quality

Insect products regulated as novel foods or as feed are considered safe, having undergone an extensive risk
assessment process, and, in the EU, where insects are allowed on the market, have to adhere to strict EU
regulations [59, 60]. For example, [Regulation (EU) 2023/915] establishes maximum permitted levels in
food for the specific contaminants [e.g., toxic elements (cadmium, lead, mercury, inorganic tin, arsenic),
plant toxins (erucic acid)], mycotoxins (e.g., aflatoxins, ochratoxin A, fumonisins, and citrinin), processing
contaminants [e.g., 3-MCPD, dioxins, dioxin-like polychlorinated biphenyls (PCBs) and nondioxin-like PCBs,
polycyclic aromatic hydrocarbons (PAH), and polyfluorinated substances (PFAS)], and others (e.g.,
melamine and nitrate) [61]. However, despite the work on looking at the safety of insects [32, 46, 62-70],
like with any new food or feed, there will be known and unknown so-called emerging risks [70]. A key part
of the INPROFF project involves characterising less well-studied contaminants’ chemical and biological
safety using state-of-the-art instrumentation. This task involves performing target analysis and developing
nontarget screening workflows, which have yet to be fully utilised in the literature. The project also
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investigates the effect of specific bioactive substances and their cytotoxicity using in vitro gastrointestinal
cell cultures.

Farmed insects, fed on cereal-based feeds, could be exposed to toxic elements, pesticide residues,
mycotoxins and other biologically produced toxins and biohazards (bacteria, viruses, fungi, parasites), food
chemicals and additives of natural or non-natural origin, many of which have the potential to
bioaccumulate and physical foreign matter for example from the degradation of production equipment [66,
68, 71, 72]. Modern intensive farming production methods, even for minilivestock (insects), offer many
routes for potential sources of contamination across the entire food supply chain, particularly given the
many unknowns associated with scaling up insect production systems [70, 73, 74]. For insects destined for
feed (e.g., black soldier fly), the risk of exposure will be amplified if, in the future, insects are reared on agri-
byproducts, mixed wastes from processing plants, supermarkets and even restaurants [75].

Chemical contamination, especially the biotransfer, bioaccumulation, and biotransformation of
contaminants from feed to food [76] and how their uptake is affected by species, life stages, and rearing
environment [77] is also underexplored. The same is true concerning the effect that processing methods
have on the presence of chemical hazards, even though there is some evidence that processing methods like
boiling, frying and roasting increase the safety of edible insects [71]. However, conventional cooking
conditions will most likely not be an effective way to eliminate contaminants such as per- and
polyfluorinated substances (PFAS), so-called “forever chemicals” [78, 79] with a high potential to
bioaccumulate [80]. Other potential risks addressed in food/feed but not yet studied concerning insect
rearing include, for example, the uptake of micro and nano plastics from feed [81, 82], which could by
themselves be problematic or act as carriers for other contaminants [83, 84]. Reducing such risks will
require greater control over their feed and environment and the development of high throughput put and
methods capable of detecting a broader range of compounds.

Among the now large number of publications, the majority are target analyses of a few compounds or
multi-residue analyses [68, 85]. Targeted methods focus on detecting and quantifying pre-defined
compounds or analytes in a sample, which can miss other potentially hazardous groups of contaminants
present in the samples. In response, many scientists have turned to suspect and nontarget screening
methods to define the chemical characterisation of particular samples [74, 80, 86].

The sheer number of potential organic chemical contaminants and their mixtures, which are constantly
changing, also raises problems in assessing risk, and focusing on only a few specific target compounds could
mean other hazards go undetected. For this reason, attention is turning towards exploring alternative
analytical workflows, such as suspect and non-targeted ones, as part of an exposome concept [87]. Suspect
screening involves searching for compounds on a pre-defined list of “suspect” compounds or compound
classes, often based on their chemical properties or structural features [88, 89]. Such approaches offer a
more comprehensive assessment by detecting unexpected contaminants or adulterants, enhancing the
detection of emerging risks that may not be accounted for in targeted analyses, i.e., non-targeted analysis
aims to screen and identify compounds present in a sample without prior knowledge. This ability to
perform such analysis is partly due to the introduction of Time-of-Flight (ToF) and Orbitrap-mass
spectrometry (MS) high-resolution benchtop instruments, which have the advantage of using full-scan
acquisition mode with high sensitivity, high resolving power and accurate mass measurement, allowing the
rapid characterisation of potentially thousands of compounds [88, 90, 91].

Ideally, all three approaches—targeted, suspect, and nontarget—are sequentially performed on the
same set of samples. However, few insect-related studies have been published using the described
approaches [74, 80, 86]. For instance, Poma et al. [74] performed targeted screening of organic
contaminants [flame retardants, PCBs, dichlorodiphenyltrichloroethane (DDT), dioxin compounds and
selected pesticides] and additional suspect pesticide screening of edible insects and insect-based food
intended for human consumption. The organic chemical mass fractions of targeted compounds were
typically lower than in common animal products. In contrast, the untargeted screening analysis revealed
the presence of vinyl toluene, tributylphosphate (present in 75% of the samples), and pirimiphos-methyl
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(identified in 50% of the samples)—frequently identified contaminants that would have been missed with a
targeted approach. Li and Bischel [80] also performed target and suspect screening to evaluate the
bioaccumulation of trace organic contaminants in black soldier fly insect larvae fed on almond hulls, a by-
product from the almond industry. Their study showed that the four targeted per- and polyfluoroalkyl
substances (PFAS), perfluorobutanoic acid (PFBA), perfluorooctanoic acid (PFOA), perfluorobutanesulfonic
acid (PFBS) and perfluorooctanesulfonic acid (PFOS), did not bioaccumulate in the larvae. However,
employing a nontarget approach uncovered the presence of other PFAS compounds, specifically hydrogen-
substituted polyfluoroalkyl carboxylic acids (H-PFCA), which were found to bioaccumulate in the larvae and
were correlated with their presence in the feed (almond husks).

Similarly, Macan Schénleben et al. [86] performed target and suspect pesticide screening of 52 edible
insects from Asia, Africa, and Europe. Fifty-six pesticides were determined using target (30) and suspect
(26) screening approaches. Notably, in the case of targeted screening, the neonicotinoid imidacloprid had
the highest detection frequency (DF, 70%), followed by fipronil (48%). The findings indicated that the
levels of dichlorvos and fipronil were in the same order of magnitude as specific maximum residue limit
(MRL) values for meat. Most detected compounds were below the defined MRLs. However, it underscores
the necessity for further extensive investigations to provide a comprehensive chemical characterisation of
potential risks relating to edible insects as well as the need to establish (MRL) values for edible insects.
These limited studies that do not focus entirely on target analysis show the importance of suspect screening
for providing valuable insights into food/feed chemical characterisation and facilitating a more proactive
and holistic approach to ensuring the safety of farmed insects. However, the full potential of applying a
nontarget approach is still to be explored.

Biological risks must also be considered when contemplating the use of insects. The microbiota of
insects, found in the gut and other anatomical parts, is complex. While the microbiota of some commercially
essential insects has been analysed [50, 92-95], more work in this area remains to be done. This task is
essential, as insects tend to be consumed entirely, with a few exceptions. Although most pathogenic
microbes that infect insects are harmless to humans due to phylogenetic differences, insects can be vectors
or carriers of harmful microbes, primarily when insects are reared under poorly controlled hygienic
conditions [96]. Among the most harmful bacteria that inhabit all three insect species analysed within the
INPROFF project (yellow mealworm, house cricket, and migratory locust), Salmonella, Staphylococcus
aureus, Clostridium perfringens, and Bacillus cereus could be mentioned. Several bacterial species have been
associated with edible insects, both farm-reared and wild-caught, and some of these are not only
pathogenic and opportunistic bacteria, but they can also reduce the shelf-life of edible insects [97].

Endospore-forming bacteria in edible insects are also a significant food safety concern as the heat-
resistant spores may withstand the standard processing methods adopted for edible insects, like drying,
boiling, and deep-frying [98]. In this context, the Bacillus cereus group seems to be one of the most suitable
parameters for describing food safety and microbial quality [99]. So far, risks associated with foodborne
viruses, like hepatitis A, hepatitis E and norovirus, from consuming edible insects are low. However, care
must be taken not to introduce the viruses in insect production units through their feed and unsafe
handling practices. Insect species deemed fit for mass production may be vectors for parasites, although
this risk may not be exceptionally high and is poorly documented [100, 101]. Contamination of edible
insects post-processing is also an area of consideration [102].

The study of the pathogenicity of insect-specific viruses in humans is also an area for further study.
Insect viruses are assumed to be specific to insect species and cannot replicate in vertebrate cells. Despite
this limited specificity, there is a negligible risk of new strains of mammalian-specific viruses emerging due
to recombination and rearrangement of genetic material, potentially leading to host switching. Although
pathogenic viruses of vertebrates cannot replicate in insects, edible insects can still passively transmit these
pathogens [63, 103]. Research into extending the shelf-life of processed or farmed insect-derived foods and
feeds and microbial studies on farmed edible insects is still in its early stages [104]. Similarly, there is a gap
in our understanding of other microbial risks, e.g., protists [105]. Most microbes in or on insects are not
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considered harmful to human consumers. However, the microbial safety of insect-based foods intended for
human consumption is still under debate, as insects could be vectors of potentially pathogenic bacteria.

Pillar III: authenticity, traceability, and consumer acceptance

The European Commission estimates that the total cost of food fraud globally is about 40 billion Euros
annually [106]. Without the necessary tools, a nascent insect farming industry is ripe for economic fraud,
such as product adulteration and mislabelling. The mapping of the insect supply chain in the study
performed by Traynor et al. [70] illustrates the complexity that exists. This situation is worsened by the
lack of standard procedures for determining the authenticity of insect products [107]. The literature review
reveals a significant literature gap when searching “edible insects” and “authenticity” (hits = 12), with few
studies investigating the potential fraud in edible insect food supply chains. INPROFF was partly set up to
fill this gap by taking advantage of the IJS food authenticity and traceability expertise and applying it to
farmed insect products. This task is made possible due to significant progress in developing accurate tools
for determining the species-level authenticity of food and detecting adulterants [108-111].

One such tool involves the use of the stable isotope approach. Stable isotopes of light elements
(expressed in §H, 5'3C, §*°N, 5'®0, and 6°*S) have been widely used to investigate food authenticity and
origin [112], although for farmed edible insects for food and feed its use is limited to a few examples and is
more widespread in insect ecology [113]. Nevertheless, the information obtained in ecological studies
contributes to the knowledge needed to determine the authenticity of insects for food and feed. For
example, the §'*C values are strongly influenced by diet, providing insights about whether the insects fed on
C3 or C4 plants [114]. The §*'S values are also related to the food insects consume. The values are
influenced by geology, microbial processes in the soil (including aerobic and anaerobic growing conditions),
the distance from the sea (“sea spray effect”) and fertilisation techniques [115, 116]. The 6'°N values of the
animals are strongly related to their trophic level [117]. Herbivorous species are expected to have a lower
8'°N than carnivorous ones, as *°N accumulates along the trophic chain [112]. The 6%H and 60 of water
are strictly related parameters [118] that depend on latitude, altitude, and even distance from the sea [119].
For plants, the correlation between §%H and §'°0 is still valid but not that strict, as the only source of
hydrogen is the water absorbed through the stomata [120]. As the sources of oxygen and hydrogen of the
insects are both the water they drink and the plants they eat, their 6°H and §'%0 are influenced by such
factors.

Pianezze et al. [121] analysed 40 samples of edible insects and four insect-based food items, providing
813C, 8N, §%4S, 6180, and 6?H data. Due to ingredient and flavour additions, they found 6*H and §'®0 helpful
in differentiating natural from seasoned insects. Other parameters, like §'*C, 6*°N and 6%*S, showed promise
in characterising insect diet, geographical origin, and trophic level. Macan Schénleben et al. [86] studied 52
edible insect species from Asia, Africa, and Europe, focusing on §'3C, §'°N, §*!S, and 6*H for food
authenticity and traceability. Linear discriminative analysis differentiated geographical areas, with African
samples showing distinct profiles, and accurately classified pesticide presence based on §°*S values at a
76% rate.

INPROFF is developing a crucial component in food authenticity and traceability: establishing a
reference dataset based on genuine samples, as highlighted by Donarski et al. [122]. This dataset will serve
as a benchmark against which insect-based products in the market can be compared. Moreover, many
aspects must be considered when developing such a database, including insect species, diet, environment,
developmental stage, and processing techniques.

A study by Fuso et al. [123] further evaluates the analytical tools currently available to authenticate
insects and their rearing substrate. The study emphasises the need for specialised analytical methods to
detect rearing substrate residues in insect products or to reveal metabolomic changes caused by different
feeds. A novel method for authenticating edible insect powders was recently introduced by Tata et al. [124]
based on obtaining direct analysis in real-time high-resolution MS (DART-HRMS) signatures, marking it the
first application of ambient MS to screen novel foods. The study successfully differentiated between four
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test species (house cricket, yellow mealworm, migratory locust and silkworm) with a cross-validation
accuracy of 100% for all training samples. A distinct metabolic fingerprint was observed for house cricket
in particular. Additionally, Poma et al. [125] explored the potential of entometabolomics in food systems,
marking a crucial step towards understanding edible insects’ metabolic profiles that can be used to identify
the authenticity of insect food.

Consumer acceptance

For humans, the eating of insects, termed “entomophagy”, is not new and many species are already
consumed by much of the world’s population. The literature commonly quotes two billion plus people who
regularly consume insects and suggests that insects could become a regular part of the Western diet [64].
However, entomophagy is not a cultural norm in Europe, and convincing those not accustomed to eating
insects remains a significant hurdle to their acceptance. However, research is dedicated to making insects
more palatable [126]. Today, insect-based products such as pasta, snacks, and protein bars are available on
the European market, projected to be two billion euros/year by 2030 [127].

Food scientists have identified various factors influencing consumer acceptance of insect consumption,
among which food neophobia and disgust remain the primary barriers to eating insects [128-130].
However, familiarity, tradition, and sensory attributes also affect the willingness to consume insects across
different geographical locations and cultures [131]. While Western countries emphasise nutritional value
and sustainability, sensory qualities and cultural practices play a more substantial role in regions where
entomophagy has a longstanding tradition [132, 133].

The availability of information and prior experience with edible insects can positively shape consumer
attitudes [134-136]. In Western societies, incorporating insects into familiar food products and
communicating their environmental and nutritional benefits can enhance their acceptance [126, 131].
Additionally, focusing on product development that aligns with the sensory expectations of consumers
[137, 138] and sparks curiosity about edible insects [139, 140] can lower the initial resistance towards
them. Within the INPROFF project, a study performed by Kulma et al. [141] found that in the case of the
Czech Republic, a significant percentage of those taking part described their entomology experience as
positive (43.8%), 11.8% stated they regularly consumed insects, a small fraction (6.7%) reported negative
experiences, and 37.7% remained neutral. Also, the data showed consumer preference leaned towards
insect powder and processed whole insects such as crickets, katydids, and locusts, with cockroaches being
the least favoured.

Metrological approach and challenges

All three pillars of the INPROFF project rely on analytical methods, and ensuring robustness between and
comparability of the data obtained requires using appropriate metrological tools. Metrology is critical in
ensuring that food products meet safety standards and regulatory requirements across the food supply
chain, which can only be achieved through accurate, consistent, and traceable measurements. Typically,
these include quality reference standards, validated standardised methods, standardised sampling
practices, proven calibration methods and, where possible, matrix-specific certified reference materials
(CRMs) in addition to reference materials (RMs), and interlaboratory comparisons are used to achieve
comparability of analytical results [142]. Despite its importance in food research, this literature review
found no specific studies (zero hits) applying metrology to farmed insects or significant discussion
regarding its importance to the field.

For food products, including edible insect products, metrology is the foundation for supporting
accurate labelling of food products, including nutritional information, ingredient lists, allergens, and
expiration dates [143]. As the determinants of general nutritive quality (Pillar I), proximates such as lipids,
carbohydrates, proteins, and minerals must be considered. Here, the standards are general reference
methods collected under the International Organization for Standardization (ISO) system [144]. Moreover,
within lipids and proteins, the content of essential components, such as essential amino acids and essential
fatty acids, are determined by amino acid analysis and multidimensional gas chromatography [145]. In the
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case of trace nutrients such as elements and vitamins, the methodology is much less standardised and
under ongoing development [143].

Analytical methods for many known organic contaminants (Pillar II) in food have undergone extensive
validation and standardisation [146]. Among the “new age” pollutants, pesticides are probably the most
studied and multi-trace residue analysis methods are preferred over single-residue methods [147].
However, as already discussed earlier under Pillar II, the range of these pollutants is not complete and is
expanding as the knowledge of the risks of consuming novel foods such as insects increases. Also,
contaminants can transform in, for example, animal-derived food and predicting the structure and toxicity
of their transformation products is a developing trend [148].

In trace analysis, quantitation is also more susceptible to analytical errors and statistical imprecision
and demand methods with increased sensitivity and specificity, which, especially for the latter, is effectively
achieved through chromatography (most commonly liquid) hyphenated to MS. However, although liquid
chromatography-MS (LC-MS) is a highly specific and sensitive analytical technique, matrix effects are often
caused by the alteration of ionisation efficiency of target analytes in the presence of co-eluting compounds
in the same matrix and often impede signal intensity and even mass accuracy. Accordingly, the evaluation of
matrix effects is explicitly suggested by regulative bodies like the United States Food and Drug
Administration (US FDA) guidelines on bioanalytical analysis [149].

One of the most common approaches to account for uncertainty issues in target analysis is using an
internal standard (IS). These are typically suitable surrogate compounds with properties similar to the
target analyte, such as chemical structure, solubility, and volatility. In MS, they are ideally isotopically
labelled chemicals (**C, °N, or ?H) since they are absent in samples but have the same characteristics. In
MS-based target analysis of organic micropollutants, the addition of IS is used to compensate for losses of
physicochemically similar compounds when internal calibration approaches are used. When targeting more
extensive groups of contaminants, the set of IS should ideally cover the whole range of the chemical space
to be explored (retention time, mass range, ionisation mode, and physicochemical properties). However,
besides being impossible to account for all substances potentially present in the sample, only a limited
number of compounds are commercially available in isotope-labelled form, and high price also limits their
application [150].

The trend towards non-targeted high-resolution MS (HRMS) also raises metrological issues. Regarding
nontarget analysis and suspect screening, methods focus on compound identification rather than
quantitation. One of the most important scopes of NTA is that it can directly support chemical risk
characterisation but must provide quantitative estimates. Even though limited quantitative NTA methods
exist, they do not fully consider estimation uncertainty, and most nontarget approaches still need
harmonisation and validation [151, 152]. Equally, in the case of new threats such as from nanoparticles and
micro-/nanoplastics, as also discussed in Pillar II, their detection and quantification are limited by the
complexity of the food matrix absence of suitable standards, making their identification and quantification
challenging and represent major bottlenecks [153].

From a microbial risk perspective, appropriate ISO norms and standardised procedures exist to
determine biological safety for classical food hygiene parameters [154]. For example, total aerobic and
anaerobic bacterial counts, counts of Staphylococcus aureus, E. coli and Enterobacteriaceae, Clostridium
perfringens, spore-forming bacteria, enterococci, and the presence of Salmonella were determined. Bacillus
cereus (a microbial quality indicator) was detected according to CSN EN ISO 7932 [155], identified by 16S
rDNA sequencing, and its pathogenic potential was studied by detecting virulence-associated genes.

Another challenge is maintaining consistency and reproducibility in constructing microbial
communities, especially in highly diverse microbial communities as in the case of fermentation [156, 157]
or studying the effects of consuming insects on human gut microbiome [28] human and feed modification
on the insect microbiome [41, 158] or for biotechnological applications [159]. Another trend that calls for
the establishment of metrological tools is highlighted by Mattarozzi et al. [160], namely, the rapid
development of point-of-need devices and low-cost portable testing, frequently intended for use by non-
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experts. While this trend benefits the food industry enormously (e.g., faster results, on-site testing,
improved food safety, cost reductions, enhanced traceability, and empowering non-experts), it leaves many
metrological questions open regarding accuracy and reliability, standardisation, calibration, validation, and
regulatory acceptance [160].

Metrology is particularly important for Pillar III since accurate measurements are essential to support
the certification systems that ensure authenticity, prevent misleading claims, and prevent adulteration.
Semiautomated and fast stable isotope-ratio analysis (SIRA) in continuous-flow mode with an elemental
analyser (EA) interfaced with isotope-ratio MS (IRMS) has become a routine and invaluable tool for food
authenticity and traceability (Pillar IIT) [161-163]. Several standardised analytical techniques have been
officially recognised as well-established, validated and acknowledged by the Association of Official
Agricultural Chemists (AOAC), the European Committee for Standardization (CEN), or EU methods [162].
Importantly, accurate measurements of relative stable isotope ratios of hydrogen (expressed as §?H),
carbon (6*3C), nitrogen (6*°N), oxygen (6'®0), and sulfur (6%4S) require normalisation using at least two
isotopic RMs with contrasting isotopic compositions to (i) anchor §-values to conventional isotope—delta
scales and (ii) compensate for differences in responses of analytical instrumentation, which commonly
compress isotope—delta scales [164-166]. The new guidelines for reporting HCNOS isotopic delta values
with JSI participation were recently published [167]. While authenticity identification usually works
successfully with one or two stable isotope parameters, geographical origin determination often requires
multiple stable isotope parameters and even the inclusion of elemental composition or heavier isotopes
such as strontium. Other metrological tools include participation in interlaboratory [168] and the
Consultative Committee for Metrology in Chemistry and Biology (CCQM) organised assessment [169] and
development of new RMs of plant and animal origin [170].

From a metrological perspective and across all three thematic pillars, there is a notable deficiency in
suitable RMs and interlaboratory trials, including collaborative trials, which aim to verify the performance
of an analytical method, and proficiency testing, which focuses on assessing participants’ performance
[146]. RMs (and CRMs) represent one of the main metrological tools supporting reliable measurements
regarding calibration, method validation and quality control, guaranteeing metrological traceability,
method validation and quality control [146]. Ideally, RMs must be chemically as similar as possible to the
sample to account for matrix effects, i.e., based on the studied insects.

While there has been an increase in the production of new RMs in recent years, there remains a
shortage of RMs tailored explicitly for the agrifood sector despite the persistent demand to create new RMs
with varied matrix/analyte combinations to meet evolving analytical needs. This necessity arises from
several factors, including advancements in analytical techniques, the emergence of new parameters of in-
terest (e.g., nanoparticles and micro/nanoplastics), the evolution of methods for food profiling for quality,
authenticity, and traceability purposes, and the imperative to study emerging contaminants as discussed in
this review highlights the emerging needs for new RMs. Addressing these methodological gaps presents a
significant opportunity for future research [143, 146].

Conclusions

In this review, we addressed the current progress and challenges relating to farmed insects as food and
feed, identified through the lens of the INPROFF project’s core themes: nutrition enhancement, quality and
safety, and authenticity. Three things quickly become apparent. The first is that interest in farming insects
in a European context continues to grow; second, that much research has been and is being done, resulting
in a significant body of research; and third, but just as important, there remains much to be learnt, and
farming insects creates unique issues. The argument for accepting insects as alternative proteins for feed is
economical, while as food, the issues remain regarding their negative perception. Both could be resolved,
for example, in the former case by substitution and fortification (valorisation) of feed and the latter by
incorporating insects as ingredients and developing new foods with increased functionality as added value
or by improving their sensorial qualities thereby sidestepping any potential neophobia and possibly by also
taking a more heuristic approach to increase acceptance.
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The safety of farmed insects still poses nutritional, chemical, and biological challenges and gaps in our
understanding to be filled, something that will become more significant if insects are reared on by-products
of agriculture and waste streams from food processing. More work is needed to understand the transfer of
contaminants from raw materials during production and processing, including exogenous and endogenous
nonbiological and biological risks. The large number of potential contaminants also drives the development
of nontarget analytical workflows based on high-resolution mass spectrometry methods. Also important is
addressing the gaps in metrological challenges of analysing insects (and novel foods in general), which will
be critical for ensuring safety, quality, and sustainability as they continue to gain prominence in the food
industry. Finally, authenticity and adulteration are only now being addressed. Fortunately, many
authenticating tools developed for other food groups based on chemical, isotopic and genetic methods can
be adapted to farmed insects.
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Table S1. Search results (hits) for the search term “edible insects” AND targeted keywords

tailored to each pillar theme

Pillar I: Enhancing Pillar II: Safety and Quality Pillar III: Authenticity,

Nutritional quality of traceability and

insect biomass consumer acceptance

Search terms: Hits | Search terms: "edible Hits | Search terms: Hits

"edible insects" insects" AND "edible insects"

AND AND

"nutritional value" | 338 | "safety" 362 | "authenticity" 12

"sensorial 5 "chemical safety" 13 | "traceability" 4

properties"

"shelf life" 43 "microbiological safety" 12 | "adulteration" 8

"feed" 515 | "toxic elements" S "labelling" 24

"feed modification" | 0 "plant toxins" 3 "stable isotopes" | 6

"proteins" 1,178 | "mycotoxins" 28 | "origin" 60

"amino acids" 282 | "contaminants" 35 | "entomophagy" 556

"fatty acids" 286 | "chemical contaminants" 5 "consumer 124
acceptance”

"fibre" 130 | "pesticide residues" 12

"chitin" 103 | "biohazard" 1 Metrological approach
and challenges

"minerals" 218 | "agricultural by-products" | 5 Search terms: Hits
"edible insects"
AND

"elements" 85 "food waste" 28 | "metrology" 0

"vitamins" 161 | "microplastic” 2 "reference 2
material"

"bioactive 64 "suspect screening" 1

compounds”

"anti-nutrients" 11 "HRMS" 4

"gut microbiome" 8 "microbiota" 59

"fermentation" 49 "pathogenic 9

microorganisms"
"viruses" 16
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Table S2. Search results (hits) for the search term “edible insects” AND studied species

Search term: “edible insects” AND | Hits
“Tenebrio molitor” 333
“Locusta migratoria”’ 60

“Acheta domesticus” 158
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3.4 Scientific Paper: “Drivers and Barriers Influencing
Adherence to the Mediterranean Diet: A Comparative
Study across Five Countries”

The paper titled “Drivers and Barriers Influencing Adherence to the Mediterranean Diet:
A Comparative Study across Five Countries” by Chiara Biggi, Beatrice Biasini, Nives
Ogrinc, Lidija Strojnik, Isabella Endrizzi, Leonardo Menghi, Ikram Khémiri, Amani
Mankai, Fethi Ben Slama, Henda Jamoussi, Katerina Riviou, Kaoutar Elfazazi, Nayyer
Rehman, Francesca Scazzina, and Davide Menozzi is presented in this chapter. I
contributed to the literature review on consumer behaviour and the importance of the
Mediterranean diet (MD) for dietary health, as well as critical insights in the discussion
section on consumer attitudes and MD adherence trends across different regions. This
article was published in Nutrients in 2024 and examines MD adherence in Greece, Italy,
Morocco, Slovenia, and Tunisia.

The study aims to understand the complex drivers and barriers influencing consumer
adoption of the MD, a dietary pattern prioritising plant-based, minimally processed foods,
and linked to substantial health benefits, such as improved cardiovascular health and
reduced chronic disease risk. Although the MD is widely regarded as beneficial, adherence
has declined even in its traditional regions, making it essential to explore the motivations
and barriers faced by consumers to support more effective and targeted interventions.

The study employed a robust mixed-methods approach, beginning with qualitative
focus groups in each country to capture local perspectives on MD adherence, including
attitudes towards health, sustainability, and cultural significance. These focus groups
provided nuanced insights into regional differences and were instrumental in shaping an
extensive online survey distributed to 4,025 participants across the five countries.

The survey integrated the MEDAS questionnaire to assess MD adherence and adapted
parts from the Food Choice Questionnaire (FCQ) to explore drivers such as health, cost,
sensory appeal, and convenience. Questions examined deeper social and cultural influences,
such as family traditions, fast food availability, and social dining practices. Statistical
analysis via structural equation modelling (SEM) enabled the evaluation of predictors of
MD adherence, incorporating variables such as consumer motivations, sustainability
attitudes, and food neophobia to provide a comprehensive picture of consumer behaviour.

Key findings revealed moderate-to-low adherence to the MD, with Italy and Morocco
exhibiting the highest adherence and Slovenia the lowest. Health motivations, sustainable
food choices, and awareness of environment emerged as strong positive predictors,
particularly in Italy and Morocco, where cultural ties remain relatively strong. Sensory
appeal, convenience, and price presented significant barriers, especially in Tunisia and
Greece, where economic constraints and Westernised diets create challenges for consumers.

Cross-country comparisons highlighted that while the MD’s cultural heritage resonates
in certain regions, economic and lifestyle factors such as high costs, limited availability
ingredients, and accessibility to fast food can impede adherence, particularly among
younger populations. The study recommends tailored interventions such as policy
adjustments to improve food affordability, education campaigns emphasising health
benefits, and strategies to integrate MD principles into modern lifestyles.

This work was a result of collaboration between multiple projects, primarily centred
around the EU-funded PROMEDLIFE project through the PRIMA programme. These
extensive collaborative efforts reflect a larger commitment to advancing sustainable dietary
patterns across Europe and underscore the study’s relevance within the European Union’s
broader health and sustainability goals.
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Abstract: Given the global decline in adherence to the Mediterranean Diet (MD), even within its native
region, it is key to identify the factors influencing this trend to mitigate the negative health outcomes
associated with westernized diets. To this end, 4025 individuals (49.6% women, 42.6 + 14.2 y/0)
from Greece, Italy, Morocco, Slovenia, and Tunisia remotely completed a series of measures assessing
motives, attitudes, and psychosocial factors related to MD adherence, which was evaluated using
the MEDAS questionnaire. The results suggested medium-to-low adherence across all countries,
with the highest adherence in Italy and Morocco and the lowest in Slovenia. Structural equation
modeling revealed that positive attitudes toward the healthiness of food were the strongest predictors
of adherence, whereas picky eating was a significant negative predictor in all countries except Greece.
Adherence to the MD was positively influenced by health motivations in Morocco and weight control
in Slovenia and Greece, while sensory appeal negatively influenced adherence in Italy. Additionally,
price and convenience were significant barriers in Tunisia and Greece, whereas a preference for local
and seasonal foods promoted adherence in Morocco and Greece. Overall, our findings underscore the
need for country-specific interventions and policies that address distinct local factors and motivations
to ease favorable shifts in dietary patterns toward MD principles.

Keywords: Mediterranean diet; attitude; behavior; picky eating; food choice motives; sustainability
food choice motives
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1. Introduction

The Mediterranean Diet (MD) is deeply rooted in the cultural and agricultural tra-
ditions of countries around the Mediterranean Sea [1]. The MD was first described by
Ancel Keys in the 1960s, based on eating habits in Greece and Southern Italy. This diet
is known for being low in saturated fats and high in vegetable oils. It includes plenty of
vegetables, fruits, nuts, seeds, legumes, whole grains, and olive oil, with moderate amounts
of fish, poultry and alcohol (mainly wine), and limited dairy, red meat, processed meats,
and sweets [2,3].

It has long been followed by these populations for its emphasis on the quality and
origin of food, using fresh, locally sourced, and seasonal ingredients. Not only does the MD
improve physical health but it also promotes social interactions through communal meals,
enhancing social and mental well-being [4,5]. The positive social impact and the improve-
ment in healthiness due to adherence to the Mediterranean Diet (MD) are supported by
several epidemiological studies [6]. The MD has been linked to many health benefits, par-
ticularly its ability to reduce the risk of heart disease [7]. It improves cardiovascular health
by lowering LDL cholesterol and reducing inflammation, as well as decreasing the risk of
stroke [8-10]. The MD has also been found to positively impact reproductive health and
metabolic health [11], diabetes management [12], and certain cancers [13]. Beyond physi-
cal health, it potentially lowers the risk of cognitive dysfunction and neurodegenerative
disorders, particularly Alzheimer’s disease [5].

Moreover, the MD has a relatively low environmental footprint concerning water,
nitrogen, and carbon due to its focus on mainly plant-based options and legumes. When
the Mediterranean diet is embraced not only for its health benefits but also as an environ-
mentally sustainable dietary choice, it can positively contribute to biodiversity preservation
and foster local economic sustainability [14,15].

Despite its well-known benefits, the adoption of the MD has been gradually decreas-
ing [16], as well as in several countries around the Mediterranean Basin [17-19]. In fact,
Kaminski et al. [20] found that the MD ranked 16th in their global diet popularity study.
These findings may tentatively be attributed to the indirect consequences of social and cul-
tural changes, increasing urbanization [21], as well as to the globalization of food systems
within Mediterranean countries [22-24]. People have shifted toward a more western type
of diet, with an associated reduced consumption of fruits and vegetables [25], in favor of
more convenient, quick to prepare, and processed alternatives.

One of the main causes for this could be attributed to limited awareness and un-
derstanding of the health benefits of the MD [26]. Understanding consumer behavior is
essential because attitudes, preferences, and awareness directly influence dietary choices.
Often, cultural habits and personal food preferences make it challenging for people to
adopt a new dietary pattern, even when they are aware of its benefits. The discrepancy
between consumers’ attitude and awareness of healthy eating may act as a barrier to its
adoption, potentially shifting consumers” habits away from MD regime [27]. By addressing
consumer needs and preferences, strategies can be developed to enhance the appeal and
accessibility of the MD.

Given this context, there is a growing need for new studies to elucidate the main
predictors of the decline in the MD adherence within its native regions. This need is further
underscored by a recent systematic review on drivers and barriers to adherence to the
MD [28], in which only ~22% of the studies (4 out of 18) included in the assessment were
conducted in Mediterranean countries, namely in Europe (i.e., Greece, Italy, and Spain).
Another literature review [14] has shown the need for large-scale studies of MD adherence
in African Mediterranean countries, as they were underrepresented in the current literature.
In particular, the study indicates the need for understanding the main determinants of
adherence to the MD in these countries to help in designing appropriate local and national
policies and interventions to promote it [14]. Indeed, given the substantial cultural and
socioeconomic diversity of countries in the Mediterranean basin, it is evident that well-
known mediators or barriers affecting MD adherence (e.g., sustainability beliefs, food
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choice motives, and attitudes toward healthy eating) may operate differently according to
the context.

The present study applied quantitative research methods to investigate the main
drivers and barriers affecting the adoption of healthy eating habits in five Mediterranean
countries (Greece, Italy, Morocco, Slovenia, and Tunisia). A survey was performed to
identify consumers’ motivations, attitudes, drivers, and barriers toward dietary patterns
inspired by the MD, including the role of picky eating (PE), attitude toward healthiness of
food, and local determinants of food choices. An online questionnaire was administered to
a sample of 4025 individuals (approximately 800 subjects for each country) in their native
languages (i.e., Greek, Italian, Arab/French, and Slovenian).

The identification of barriers and motivators influencing the adoption of healthy
eating habits and their role in enhancing the discrepancy between consumers’ attitude and
awareness in addition to the suggestion of effective strategies to foster healthy eating habits
are among the main purposes of the present study.

2. Theoretical Framework and Research Hypothesis

A preliminary qualitative phase, developed with three focus groups in each of the
five countries, allowed us to identify the main drivers and barriers able to influence the
adoption of healthy eating and MD pattern [29].

Potential motives for choosing food were derived from the studies applying the Food
Choice Questionnaire (FCQ), as described by Steptoe et al. [30], as well as the adapted
version developed by Pieniak et al. [31] for the case of traditional food products. The
selection of items was based on findings from the exploratory focus group discussions [29]
and from the literature review. In our case, seven dimensions were included, namely
weight control, price, convenience, natural content, health, sensory appeal, and familiarity.
Health, weight, and natural content have been found to be positively related with vegetable
consumption [32]. As extensively discussed in Section 1, the MD is also associated with
several health benefits; the natural content was found to be a significant driver to the MD
in a Portuguese immigrant community in the US [33]. Therefore, our hypotheses for these
dimensions were as follows:

Hypothesis 1. Those giving higher importance to the health factor have a higher adherence to the
Mediterranean Diet.

Hypothesis 2. Those giving higher importance to the natural content factor have a higher adherence
to the Mediterranean Diet.

Hypothesis 3. Those giving higher importance to the weight control factor have a higher adherence
to the Mediterranean Diet.

In different studies carried out in the US, convenience and sensory appeal were
observed to be significant barriers to the MD [33,34]. Convenience, familiarity, and price
have been identified as relevant barriers for the adoption of sustainable dietary behaviors in
different Mediterranean countries, like France [35] and Italy [36]. Therefore, we considered
the following hypotheses:

Hypothesis 4. Those giving higher importance to the sensory appeal factor have a lower adherence
to the Mediterranean Diet.

Hypothesis 5. Those giving higher importance to the convenience factor have a lower adherence to
the Mediterranean Diet.

Hypothesis 6. Those giving higher importance to the price factor have a lower adherence to the
Mediterranean Diet.



3.4. Scientific Paper: “Drivers and Barriers Influencing Adherence to the Mediterranean Diet: A

Comparative Study across Five Countries”

Nutrients 2024, 16, 2405

40f 25

Hypothesis 7. Those giving higher importance to the familiarity factor have a lower adherence to
the Mediterranean Diet.

Several studies have highlighted the relationship between adherence to the MD and
sustainable dietary behaviors [37]. The ethical dimension, given the importance of the
environmental and social sustainability connected with the MD, was assessed following
the short version of the Sustainable Food Choice Questionnaire (SUS-FCQ) developed
by Verain et al. [38]. The SUS-FCQ distinguishes general sustainability, covering environ-
mental, ethical, and animal welfare aspects as well as local and seasonal motives. Hence,
Hypotheses 8-9 are as follows:

Hypothesis 8. Those giving higher importance to the general sustainability factor have a higher
adherence to the Mediterranean Diet.

Hypothesis 9. Those giving higher importance to the local and seasonality factors have a higher
adherence to the Mediterranean Diet.

Thus, attitude toward the behavior is a precursor of the intention to perform the
behavior and of the behavior itself [39]. In our case, we investigated the effect of a general
interest in eating healthily [40] and the effect of attitude toward the adoption of the MD [41]
on the MD adherence and we suggested the following:

Hypothesis 10. Those with a more favorable attitude toward the Mediterranean Diet have a higher
adherence to the Mediterranean Diet.

Hypothesis 11. Those with a more favorable attitude toward healthy eating have a higher adherence
to the Mediterranean Diet.

Finally, the analysis examined the predictive value of picky eating as a selective
eating behavior that may hinder adherence to the MD. Picky eating refers to unwillingness
to include a wide range of both familiar and unfamiliar foods in the diet [42] and was
confirmed to be an important barrier to dietary variety and quality. Several studies, indeed,
evidenced a close negative link between picky eating and habitually consumed fruit and
vegetables or overall dietary variety [43,44]. Moreover, Menghi et al. [42] reported evidence
negatively linking adult picky eating to adherence to the MD within Italian adults. Hence,
our hypothesis was as follows:

Hypothesis 12. Adult picky eating is negatively associated with adherence to the Mediterranean Diet.

The model was tested in the five countries, followed a similar pattern to the one
developed by Pieniak et al. [31] for traditional food products, also allowing us to test the
association of the motives for food choice with both adherence to the Mediterranean Diet
and attitude toward the Mediterranean Diet (Figure 1).
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Figure 1. Hypothetical model linking food choice motives with attitude and behavior toward
adherence to the Mediterranean Diet.

3. Materials and Methods
3.1. Data Collection and Sample

The present study was approved by the local institutional Ethical Committee (REB—
Research Ethics Board, 28-2023-N, 29 March 2023) and conducted according to the ethical
principles stated in the Declaration of Helsinki. Data collection was conducted in all of the
five countries (Italy, Greece, Morocco, Slovenia, and Tunisia) during the period October—
November 2023, by an external agency. Representative samples were drawn from the
national adult populations (aged 18-79) across age, sex, and geographical regions. To be
part of the study, respondents were asked to electronically provide the informed consent,
which was shown at the invitation page of the online survey. All participants were informed
that no data could be identified or linked to individual persons and that data would be
analyzed anonymously. The following screening out questions were established at the
beginning of the survey: the survey was initially limited to those residing from at least one
year in the country of residence for food habits adaptation. Then, we collected data from
adults and aged people considering the age range provided by PubMed, thus excluding
those younger than 18 years old and those 80 years old or older. Finally, we excluded those
who were not at all responsible for food purchases for their family.

A quality check was performed on the final sample data to avoid the low-quality
responses, following recommendations to assess and improve data quality in online ques-
tionnaires [45,46]. As a priori screening, an instructed response item was inserted in a
long matrix (i.e., to demonstrate that you are not a robot, for this statement, please select
“Strongly agree”). As a posteriori screening, subjects presenting straight-line patterns
followed by fast responders were excluded from the final sample as they were deemed
to be careless. Straight liners were identified based on a standard deviation equal to 0
calculated on the answers given to two question matrices (i.e., one referred to the attitude
toward healthfulness of foods and one referred to drivers and barriers to the adoption of
the Mediterranean diet) in each country. Indeed, both these two matrices included items
with opposite meanings (i.e., “The healthiness of food has little impact on my food choices”
and “l am very particular about the healthiness of food I eat”; “Mediterranean Diet contains
lower-priced foods” and “Mediterranean Diet contains high-priced foods”), implying differ-
ent answers by careful respondents and thus resulting in a standard deviation different to 0.
Subsequently, fast responders were determined for each country as those who completed
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the survey in less than 40% of the median time calculated from participants who responded
within a maximum of 60 min, similarly to what has been reported previously [47].

3.2. Measures

An online questionnaire was designed on a theory-driven approach. The questionnaire
is provided in the Supplementary Materials. All the items were selected either from
previously validated measures within the countries involved (e.g., [42]), or have been
adapted from previous studies on attitudes, intentions, and behaviors toward healthy
eating (e.g., [40]) and the Mediterranean diet (e.g., [41]). For this latter scenario, the
items were first translated from English into the native language by the partners and
then back-translated from the native languages in English by a professional agency. Any
discrepancies between the two English versions allowed for the identification of critical
translations into the native languages, which were resolved by the partners to fully ensure
the linguistic validity and consistency of the questionnaire. A first pilot administration test
was performed in Italy, which confirmed the clarity and internal validity of the measures.
Data collection was conducted using the platform Qualtrics (©2020 Qualtrics LLC, Seattle,
WA, USA; Provo, UT, USA). The measures employed were as follows.

3.2.1. The Food Choice Questionnaire

The food choice motives were investigated using the Food Choice Questionnaire
(FCQ). The FCQ, developed by Steptoe et al. [30], was designed as an instrument to assess
the relative importance of a range of factors related to dietary choice to individuals. We
adapted the version by Pieniak et al. [31]. Twenty-one items were included, representing
seven domains: health, convenience, sensory appeal, natural content, price, weight control,
and familiarity. Items (e.g., “It is important to me that the food I eat on a typical day
contains a lot of vitamins and minerals”) were measured on a 7-point scale (1—Not at
all important; 7—Extremely important) and scores for each domain were computed by
averaging the relative items, with higher values being indicative of higher importance
associated with the domain.

3.2.2. The Sustainable Food Choice Questionnaire

The Sustainable Food Choice Questionnaire (SUS-FCQ) was developed as an addition
to the FCQ considering the full concept of sustainability [38]. Therefore, we assessed the
sustainable food choice motives with ten items (e.g., “It is important to me that the food I
eat on a typical day is produced without animals being in pain”) on a 7-point scale (1—Not
at all important; 7—Extremely important) representative of four factors (i.e., animal welfare,
ethical concerns, environmental welfare, and local and seasonal). The first three factors (i.e.,
animal welfare, ethical concerns, and environmental welfare) were averaged into a single
score of “General sustainability”, following the approach of Verain et al. [38], with higher
values indicative of higher importance associated with the general sustainability domain.
The factor “animal welfare”, as well as the “general sustainability” score, was computed
either with and without the item “Is produced in Halal way”, in order to consider this
factor in the Muslim-majority countries.

3.2.3. Health and Taste Attitude Scale

General interest in eating healthily was assessed using the “General Health Interest”
subscale of the Health and Taste Attitude Scales (HTAS) by Roininen et al. [40]. This
domain comprises eight items (e.g., “I always follow a healthy and balanced diet”, and “It
is important for me that my diet is low in fat”), which were measured on a 7-point scale
(1—Strongly disagree; 7—Strongly agree). Prior to computing a global score by averaging
individual ratings, negatively keyed items (n = 4) were reversed.
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3.2.4. Adult Picky Eating Questionnaire

Picky eating was measured using the 20-item version of the Adult Picky Eating Ques-
tionnaire (APEQ) [42,48,49]. Adult picky eating measures unwillingness to eat unfamiliar
foods or try novel foods and the APEQ is organized into four domains: meal presen-
tation, food variety, meal disengagement, and taste aversion, which comprehensively
assess various facets of picky eating behaviors (e.g., ‘I have a strong preference for specific
food presentation’, ‘I eat a limited number of items from each food group’). Respondents
rated each item on a 5-point scale (1—Never; 2—Rarely; 3—Sometimes; 4—Often; and
5—Always). A global score was computed by averaging the 20 items, with higher values
indicating a higher level of picky eating.

3.2.5. Assessment of Attitudes, Adherence, Drivers, and Barriers to the Mediterranean Diet

We assessed the direct measure of attitude toward the adoption of the Mediterranean
diet with six semantic differentials, using a 7-point bipolar scale, e.g., “Following the
Mediterranean Diet for me would be: Disgusting—Tasting” [41].

Adherence to the MD was assessed through the 14-item MEDAS questionnaire [50].
The objective of this section, which consists of 14 items (e.g., “How many teaspoons of
olive oil do you consume in a given day (including that used for frying, salads, out-
of-house meals, etc.)?”), was to understand how closely the population adheres to the
recommendations of the MD pattern regarding daily or weekly consumption of typical
MD foods. The frequencies of consumption were assessed for the following items: olive
oil, fruit, vegetables, pasta and grains, legumes, fish, white meat, eggs, milk and dairy
products, sugary beverages, red meat, and sweets. Each question was scored 0 or 1 (e.g.,
one point was given for using 4 or more tablespoons of olive oil/day). According to the
MEDAS screener responses, a score was calculated, ranging from 0 to 14. Higher scores
indicate higher adherence to the MD [50].

We then asked, on a 7-point scale, to what extent the respondents agreed or not
(1 = Strongly disagree-7 = Strongly agree) to a set of items listing the possible drivers
and barriers to the adoption of the Mediterranean diet. Each domain was assessed us-
ing between one and four items. When multiple-items were used, a single score for the
driver/barrier was computed by averaging the relative items, with higher values indicative
of higher importance associated. Among the drivers, factors such as health (e.g., “Mediter-
ranean Diet has a positive effect on cholesterol”), diet quality (e.g., “Mediterranean Diet
includes healthier and more nutritious foods”), applicability (e.g., “Mediterranean Diet
is tastier and more sustainable than other types of diets”), lifestyle (e.g., “Mediterranean
Diet increases consumption of homemade foods”), affordability (e.g., “Food access is easier
in Mediterranean Diet”), and the environment lifestyle (e.g., “Mediterranean Diet has a
positive effect on the environment”), were investigated. The barriers investigated were
health (e.g., “Mediterranean Diet contains more allergenic foods”), lifestyle (e.g., “Follow-
ing Mediterranean Diet is difficult due to conflict with cultural habits/beliefs/norms”),
and affordability (e.g., “Mediterranean Diet contains high-priced foods”) [51].

3.2.6. Anthropometric and Sociodemographic Variables

Finally, anthropometric and sociodemographic information was self-reported by the
respondents. Age, height, and weight were assessed as continuous variables, while others
were assessed as categorical variables, including nationality, sex (i.e., “male”, “female”,
and “other”), educational attainment (i.e., “lower secondary education or below”, “upper
secondary education”, “Bachelor’s or equivalent level”, “postgraduate MSc or PhD”), in-
come level (i.e., “A lot of difficulties getting to the end of the month”, “Some difficulty
getting to the end of the month”, “No difficulty in reaching the end of the month”, “Manage
to save money every month”, “I refuse to answer”), and geographical area of residence
(6 categories: from “large urbanization area” to “remote rural area”). Using weight and
height data, the subjects” BMIs were computed and weight status was defined by applying
the WHO's standard cutoffs [52]. The subjects were asked to express the degree of respon-
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sibility for food purchasing and meal preparation (4 categories each: “always”, “often”,
“sometimes”, and “never”), the habitual frequency of eating out and eating fast foods
(7 categories each: from “Never” to “5 or more times per week”), the influence of religious
beliefs and/or ethical concerns (4 categories: i.e., “Are your food habits affected”: “by
religious beliefs”, “by ethical concerns”, “by religious beliefs and ethical concerns”, “not
affected by any religious beliefs and /or ethical concerns”), and dietary regimes (i.e., omni-
vore, lacto-vegetarian, ovo-vegetarian, lacto-ovo vegetarian, pescatarian, vegan, flexitarian,
and others).

3.3. Statistical Analysis

Descriptive and inferential statistics were performed on the surveyed variables. After
having evaluated the internal consistency of the constructs with Cronbach’s alpha, we have
computed the average values of the following variables, as already described in Section 3.2:
picky eating, attitude toward the adoption of the Mediterranean Diet (MD), attitude to-
ward the healthiness of foods, the food choice motives, and the drivers and barriers to
the adoption of the MD. Adherence to the MD was assessed using the 14-item MEDAS
questionnaire [50]. The respondents were then classified according to three categories of
adherence to the MD calculated as follows: low MD adherence (scores from 0-5), medium
MD adherence (scores from 6-9), high adherence (scores > 10) [53]. The normality of the
data distribution was evaluated and rejected through the Kolmogorov-Smirnov test. Thus,
results were expressed as median and interquartile ranges (IQRs), whereas mean =+ SD are
reported in Appendix A. The non-parametric Kruskal-Wallis H test with the Bonferroni
post hoc test was used to explore and compare differences between variables among sub-
jects in different countries. ANOVA F-test was used to assess the equality of means across
countries of the selected variables, whereas post-hoc Tukey’s Honest Significant Difference
(HSD) test was used to assess the significance of differences between pairs of countries’
mean values (see Appendix A).

For predicting the antecedents of adherence to the MD and testing the hypotheses
described in Figure 1, we have applied the Structural Equation Model (SEM) analysis on
five models, one for each country. SEM allows to discern and assess the effects of a set
of variables acting on a specified outcome via multiple causal pathways [54]. The effects
of the variables were labelled as “beta” for the unstandardized coefficients, and 3 for the
standardized coefficients. The goodness-of-fit of the models was tested by x? and degrees
of freedom (df), Tucker-Lewis Index (TLI), comparative fix index (CFI), root mean square
error of approximation (RMSEA), and standardized root mean square residual (SRMR),
while the coefficient of determination (R?) was used to assess the explained variance of the
endogenous variables. In particular, model adequacy and goodness is generally confirmed
when CFI and TLI > 0.95, and SRMR and RMSEA < 0.08 [54]. Data analysis was conducted
using the IBM® SPSS® Amos™ 24.0 software with the maximum likelihood estimator [55],
and a p < 0.05 was considered as statistically significant.

4. Results

The description of results is organized, initially introducing the descriptive statistics,
including the general food habits. Then, food choice motives followed by picky eating
(presenting the correlation between its four domains) and adherence to the Mediterranean
Diet (according to the MEDAS score) are presented. Finally, factors predicting adherence to
the Mediterranean Diet and barriers and motives to adherence to the Mediterranean Diet
are described.

4.1. Descriptive Statistics

The socio-demographics of the five samples are reported in the Table A1 in Appendix A.
After excluding respondents who accessed the survey but did not complete it due to exclu-
sion criteria or because they incorrectly selected the instructed response item (n = 4993),
straight liners (n = 174), and fast respondents (n = 51), the total final sample consisted
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of 4025 subjects, which were almost equally distributed across the five countries (Greece
n = 800, Italy n = 802, Morocco n = 803, Slovenia n = 806, and Tunisia n = 814). The total
sample showed sex equity, made up of 49.6% females and 50.1% males. The mean age of
the total sample was 42.6 + 14.2 years old, while the lowest mean age was recorded in
the Tunisian (37.1 £ 11.4 years old) and Moroccan (35.6 + 10.9 years old) samples, which
instead involved 44 (5.4% of the Tunisian sample) and 27 (3.4% of the Moroccan sample)
individuals being 60 to 79 years old, respectively. The largest involvement of the 60-79 age
category was recorded in Italy, where this category constituted 30% of the Italian sample.
Concerning education, 40.8% of the total sample reported having an “upper secondary
education” and only 6.1% indicated having a “Lower secondary education or below”.
The “Small urban area” option was selected as the geographical area or origin by 23% of
respondents, while, with respect to the level of income, “Some difficulty getting to the end
of the month” option was indicated by 38.8% of the total sample.

The general food habits of respondents were assessed through general food-related
questions. The level of involvement in food purchasing was registered as “high” for 52% of
respondents in the total sample, while 39% of subjects indicated being “always involved”
in meal preparation. Greece and Italy presented the highest level of involvement in both
food purchasing and meal preparation. Conversely, Morocco and Tunisia registered the
highest levels of occasional involvement (Figure 2a,b).
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Figure 2. Level of involvement (%) in (a) food purchasing and (b) meal preparation within each
country (Greece, Italy, Morocco, Slovenia, and Tunisia) and the total sample (total).

The influence of religious beliefs and/or ethical concerns over food habits registered
the highest frequency at a country-level in Tunisia and Morocco, in which 55% of respon-
dents reported to be affected by “religious beliefs”, 22% by “both religious and ethical”,
and a lower % (2% for Morocco and 4% for Tunisia) by ethical concerns. Overall, 58% of
the total sample was not affected by the aforementioned beliefs and concerns.

The “omnivore” option was the most frequently reported food diet, being selected by
89.3% of the total sample. Both in the total (72%) and single country samples, most of the
respondents declared not to be under a low-calorie regime for weight loss or maintenance.
For those that indicated being under a restricted calories diet regime, few of them reported
being under the supervision of a healthcare professional, compared to those who ran the
diet without this supervision.

Collectively, eating out of home was practiced “2-3 times per month” by 25.5% of
respondents, followed by the option “less than once a month” selected by 25.4% of the
total respondents. At a country level, Greek and Tunisian respondents reported the highest
percentages of frequency of consumption of fast foods.
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4.1.1. Food Choice Motives and Picky Eating

The relative importance of food choice motives was evaluated considering the median
values of a range of factors related to dietary choice for individuals (Table 1), whereas the
mean values are reported in Table A2 (Appendix A). All scales showed as acceptable/good
(x =0.702; 0.844) up to good/excellent («x = 0.851; 0.909) internal consistency (Cronbach’s
alpha). Further details are provided in Appendix A Table A3.

Table 1. Food Choice Questionnaire (FCQ) and Sustainable Food Choice Questionnaire (SUS-FCQ)
motives, Adult Picky Eating Questionnaire (APEQ), Attitude toward Mediterranean Diet (AMD),
and Health and Taste Attitude Scales (HTAS), median values (IQR) across the five countries.

Greece Italy Morocco Slovenia Tunisia Total

(1 = 800) (n = 802) (1 = 803) (11 = 806) (n=814) (n = 4025)
FCQ
Health 6.0(50-692 57(50-67)° 63(537.0)" 57(@7-67)* 6050702  6.0(50-7.0)
Convenience 53(43-60)2  53(47-6.0)° 53(43-63)% 53(43-6.0)® 50(5.0-70)® 53 (4.3-6.0)
Sensory appeal 6.0(5.3-67)*  60(53-67)2  63(53-70)>  57(5.0-63)¢ 6.0 (5.0-7.0)* 6.0 (5.0-6.7)
Natural content 6.0 (5.0-7.0)%  6.0(5.0-7.00°  60(5.0-7.00 60 (47-67)>  6.0(47-7.0)%* 6.0 (5.0-7.0)
Price 6.0(50-67)%  57(47-63)>  57(47-63)® 57(47-63)® 53(47-63)®  57(47-63)
Weight control 53(43-63)2  50(40-6.0)®  50(40-60)> 47(37-57)¢  47(33-57)¢  5.0(4.0-6.0)
Familiarity 5.0(43-6.0)®  47(3.7-53)®  50(4.0-6.0)¢  50(43-6.0)®  47(33-53)"  50(4.0-57)
SUS-FCQ

Ge“e“(‘if\‘;fat;‘)‘?ab‘“y 54(46-61)°  57(49-63)°  61(5.1-69)° 5241617  60(5167)¢ 57 (47-64)

General sustainability2 5.7 (48-67)% 6.0 (52-6.8)® 6.0 (5.0-68)>¢ 57(45-65" 6.0(48-67)% 58(48-67)
antmal weltare 50(4.0-57)2  5040-60)2  60(5.07.0° 4733602  60(5070"  53(40-63)

(+halal) !
Animal welfare 2 55(4.0-7002  60(5.0-7.0)® 55(0-7002  55(40-7.0)®  55(4.0-70)® 55 (4.0-7.0)
Ethical concern 6.0 (5.0-7.0)0* 6050700  65(.0-7.00P 6045702  60(5.0-70°  60(5.0-7.0)

Environmental welfare 6.0 (5.0-7.0)2 6.0 (5.0-7.0)®  6.0(5.0-7.0)® 6045702 60070  60(50-7.0)
Local and seasonal 5.3 (4.3-6.0) 2 5.7 (4.7-6.3) P 5.0 (4.0-6.0) 2 5.3 (4.3-6.3) P 47(3.3-57)¢ 5.3 (4.0-6.0)

APEQ
Picky eating 23(19-27)%  22(17-2.6)%  28(24-31)°¢  21(1.825° 27(2430)¢  24(20-28)
Meal presentation 23(19-27)2  21(1.626" 27@2331)° 20016249 272331  24(1.9-29)
Food variety 23(1.8-28)*  23(15-28)% 28(2330)P 23(1.8-28)7  28(23-30)"  25(1.8-3.0)
Meal disengagement ~ 2.0(1.3-27)2 1.7 (1.0-23)®  23(20-3.0)¢  20(1.7-27)%  23(20-3.0)¢  2.0(1.7-27)
Taste aversion 23(1.8-28)2  24(18-30)*  30(2533)° 22(1827)¢ 30(2533)°  25(20-30)

AMD
Attitude toward MD 7.0 (6.0-7.0)®  68(6.0-7.0)°  55(43-68)"  60(.0-70)C 604368  63(5.0-7.0)

HTAS

Attitude healthy eating 4.6 (4.0-53)® 48 (4.1-55)" 48(43-55P  44(39-51)° 5043569 48(41-54)

The food choice motives scale and the sustainable food choice motives scale were recorded on a 7-point scale
(1—Not at all important; 7—Extremely important). The picky eating items were recorded on a 5-point scale
(1—Never; 2—Rarely; 3—Sometimes; 4—Often; 5—Always). Attitude toward the adoption of the MD and attitude
toward healthy eating were recorded on 7-point scales. Note: ! includes the item “Is produced in Halal way”;
2 does not include the item “Is produced in Halal way”. Medians followed by a common letter are not significantly
different, while different letters indicate statistically significant differences between countries (Kruskal-Wallis H
test with the Bonferroni post hoc test, p < 0.05).

Overall, the highest median values were registered for the “natural content” and
the “sensory appeal”, reflecting the same tendency of country levels where these factors
accounted for almost all the highest values registered, compared to the other food choice
motives. In Slovenia, the highest median value was registered for the “natural content”
dimension, while the “price” factor was the second most reported dimension in Greece,
according to the mean value 5.76 £ 1.07 (Table A2). In Morocco, Tunisia, and Greece, the
“health” motive was also among the most important dimensions according to the median
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values. The lowest median values were registered for familiarity and weight control,
compared to the other food choice motives, in both total sample and single country levels.

Regarding the sustainability-related dimensions, the general sustainability factors
“ethical concerns” and “environmental welfare” registered the highest median values in
all countries. Excluding the halal item, the “animal welfare” factor reported significantly
higher median values in Italy. The same also applied for the general sustainability factor
with significantly higher median scores reported in Italy and Morocco. The “local and
seasonal” factor registered the lowest median values in all the countries compared to the
other motives; in Italy and Slovenia, these items reported higher values compared to the
other countries (Table 1).

Four domains of picky eating (PE) were investigated, i.e., meal presentation, food
variety, meal disengagement, and taste aversion. In general, PE behaviors are relatively
more endorsed in Morocco and Tunisia and less so in Slovenia and Italy. When considering
the four dimensions, overall, taste aversion (e.g., rejection of bitter foods, sour foods, texture
preference, etc.) is the facet of PE with the highest values across the five countries, followed
by food variety (e.g., eating a limited number of food items, lack of food variety, etc.), and
meal presentation (e.g., preference for specific food presentation, colors, specific sequence,
etc.). Meal disengagement (e.g., mealtimes avoidance, etc.) is the least important factor in
almost all countries (Table 1).

Overall, the outcomes of this section (FCQ, SUS-FCQ, and APEQ), investigating the
main food choice motives and picky eating across countries, have shown the following
(Tables 1 and A2):

e  Sensory appeal, health, and natural content were the most important food choice
motives across the studied countries;

e  Weight control and familiarity were the least important factors;

e Ethical concerns and environmental welfare were the most important sustainability
food choice motives in all countries;

e Animal welfare was the least important sustainability food choice motive in Greece,
Italy, and Slovenia and became relatively more important, especially in Italy, when the
halal item was excluded;

e The local and seasonal dimension was the least relevant sustainability food choice
motive in all countries;

e  Picky eating was more endorsed in Morocco and Tunisia and relatively less so in Italy
and Slovenia;

e  Considering its four dimensions, taste aversion was the facet of PE with the highest
values across the five countries, followed by food variety;

e Meal disengagement is the least important PE factor in almost all countries.

4.1.2. Adherence to the Mediterranean Diet

Adherence to the MD was calculated according to the MEDAS screener responses on
a 0-14 score range. In Morocco and Tunisia, the maximum score was 13 since the question
of wine consumption was not included for cultural reasons (Figure 3).

Overall, results showed a medium-to-low adherence to the MD, ranging from the
lowest median value registered in Slovenia, which was significantly lower compared to
the other countries, as opposed to Italy and Morocco that showed the highest levels of
adherence. Slovenia and Tunisia showed the highest percentages of individuals with poor
adherence to the MD (39% and 19.4%, respectively), whereas consumers showing high MD
adherence were more frequently found in Italy (16.5%) and Morocco (14.6%). Respondents
in Greece and Morocco are more frequently in the category with medium adherence to the
MD (74.6% and 73.6%, respectively) (Table 2).
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Figure 3. Adherence the Mediterranean Diet (MD) scores; box-plots (MD adherence scores ranging
from 0 to 14, except for Morocco and Tunisia from 0 to 13).

Table 2. Adherence to the Mediterranean Diet (MD) scores across the five countries: mean, standard
deviation (SD), median, and interquartile range (IQR). Levels of adherence to the MD [53].

Greece Ttaly Morocco Slovenia Tunisia Total

(n = 800) (n =802) (n = 803) (n = 806) (n =814) (n = 4025)

Mean (SD) 7.17 (1.79) ® 7.67 (1.89) 2 7.62(1.84)2 6.06 (2.05) © 7.21(1.91)® 7.14 (1.98)
Median (IQR) 7.00 8.00 8.00 6.00 7.00 7.00

(6.00-8.00) (6.00-9.00) @ (6.00-9.00) @ (5.00-8.00) © (6.00-9.00) ® (6.00-8.00)
Low adherence 132 95 95 314 158 794
(scores 0-5) % 16.5 11.8 11.8 39.0 19.4 19.7
Medium adherence N 597 575 591 458 564 2785
(scores 6-9) %o 74.6 71.7 73.6 56.8 69.3 69.2
High adherence N 71 132 117 34 92 446
(scores > 10) % 8.9 16.5 14.6 42 113 11.1

Note: Means followed by a common letter are not significantly different; different letters indicate statistically
significant differences between countries (post-hoc Tukey HSD test, p < 0.001). Medians followed by a common
letter are not significantly different, while different letters indicate statistically significant differences between
countries (Kruskal-Wallis non parametric test, p < 0.001).

4.2. Factors Predicting Adherence to the Mediterranean Diet

Separate structural equation models were performed to determine the effects of pre-
dictors to the adherence score to the MD across the five countries. The analysis was set
based on the theoretical context, including as exogenous variables picky eating [42—44,48],
attitude toward the adoption of the MD [41], interest in eating healthily [40], the food choice
motives based on the Food Choice Questionnaire (FCQ) [30,31], and the sustainable food
choice motives [38], as postulated in Figure 1. Table 3 provides the standardized coefficients
(B), p-value, R-squared, and the model fit indices, whereas the unstandardized coefficients
and standard errors are provided in Table A4 (see Appendix A).

Mediterranean Diet: A
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Table 3. Structural equation models predicting the attitude toward the Mediterranean Diet (MD) via
an adherence score to the MD: standardized coefficients (B), p-value, R-squared, and model fit indices
across the five countries.

Predictors Greece Italy Morocco Slovenia Tunisia
(n = 800) (n = 802) (n =803) (n = 806) (n = 814)
Attitude toward MD B P B P B P B P B 14
Health 0.001 0978  —0.006  0.899 0.047 0.309 0.024 0.591 0.109 0.008
Natural content 0.139 0.004 0.033  0.503 0.009 0.847 0.114 0.019 0.083 0.049
Weight control 0.041 0.370  —0.005  0.904 0.000 0997  —0.078  0.088 —0.050 0.242
Sensory appeal 0.076 0.055 0.056 0.158  —0.019  0.665 0.076 0.061 —0.045 0.254
Convenience —0.065 0108  —0.021  0.604 0.077 0.067 0.104 0.013 0.017 0.674
Price 0.027 0486  —0.046  0.236 0.019 0.646  —0.071  0.073 0.066 0.088
Familiarity 0.006 0.885 0143  <0.001 —0.001 0980 —0.033 0405 0.013 0.748
General sustainability ~ —0.006  0.883 0.164  <0.001  0.000 0.992 0.003 0.948 —0.055 0.182
Local and seasonal 0.086 0.047 0.073 0.097 0.026 0.553 0.091 0.047 0.023 0.584
Attitude healthy eating  0.038 0.400 0.058 0.219 0.021 0.611 0.092 0.054 0.046 0.294
Picky eating —0.090 0010 —-0.115  0.002 0.022 0542  —0.09  0.012 —0.046 0.207
R? 0.095 0.096 0.016 0.083 0.035
Adherence to the MD B P B P B P B P B P
Health 0.049 0.278 0.052 0.213 0.111 0.010 0.112 0.005 0.072 0.071
Natural content 0.079 0.081 0220  <0.001  0.087 0.043 0.061 0.160 0.130 0.001
Weight control 0.109 0.012 0.051 0.223 0.063 0.115 0.092 0.024 0.045 0.275
Sensory appeal -0.033 0371 -0.117 0002 -0.077 0057 —0.066  0.068 —0.028 0.463
Convenience —0.099  0.009 —0.066 0080  —0.032 0426 —0.047  0.209 —0.029 0.453
Price 0.030  0.402 0.050  0.165 0.067  0.090 0.001 0979 0.110 0.003
Familiarity —-0.057 0144  -0.047 0222 -0.032 0425 -0.033 0.360 0.022 0.589
General sustainability ~ —0.016 ~ 0.677  —0.067  0.113 0.005 0.906 0.030 0.469 —0.019 0.634
Local and seasonal 0.082 0.046 0.073 0.077 0.102 0.013 0.046 0.262 0.057 0.159
Attitude toward MD 0.073 0.029 0114  <0.001  0.032 0.333 0151  <0.001 0.050 0.139
Attitude healthy eating 0238 <0.001 0218  <0.001  0.178  <0.001  0.260  <0.001 0.148 <0.001
Picky eating —0.030 0371 0070 0.044 —0072 0.039 —0.094 0.003 —0.079 0.024
R? 0.190 0.221 0.120 0.266 0.110
Model fit indices:
X2 (df) 9.061 (9) 19.801 (7) 35.224 (8) 15.428 (10) 12.362 (5)
CFI 1.000 0.996 0.988 0.998 0.996
TLI 1.000 0.953 0.886 0.986 0.942
RMSEA 0.003 0.048 0.065 0.026 0.043
(90% CI) (0.000-0.040) (0.024-0.073) (0.044-0.088) (0.000-0.050) (0.012-0.073)
SMRM 0.018 0.031 0.039 0.020 0.015

As reported in Table 3, model fit indices showed an overall satisfactory goodness of fit
for the models tested [54]. The models accounted for a share of the variance in adherence
to the MD, ranging from 11% in Tunisia up to 26.6% in Slovenia, followed by Italy (22.1%),
Greece (19.0%), and Morocco (12%). The results clearly indicated that attitude toward
healthy eating was the most relevant and significant predictor of adherence to the MD
in all countries. This means that consumers’ interest in eating healthily (e.g., “I always
follow a healthy and balanced diet”, “It is important for me that my diet is low in fat”,
etc.) is a relevant predictor of adherence to the MD. Furthermore, attitude toward the
adoption of the MD was also a significant positive predictor of the MD adherence score in
Slovenia, Italy, and Greece. In those countries, those more in favor of the adoption of the
MD also have higher MD adherence scores. Conversely, this was not the case for Tunisia
and Morocco. The coefficients associated with picky eating (Table 3) showed a negative
effect of this exogenous variable over adherence to the MD in Slovenia, Italy, Morocco, and
Tunisia. In Greece, this factor is negatively related with the respondents’ attitude toward
the MD but not with the behavior itself. PE was also found to negatively influence the
participants’ attitude toward the MD in Italy and Slovenia.
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Among the food choice motives, health motives affected Moroccan, Slovenian, and
(to a lesser extent) Tunisian respondents” MD adherence. Natural content was associated
with significant coefficients in Italy, where it was the strongest predictor; Tunisia and
Morocco showed the positive effect of this motive on the MD adherence in these countries.
Considering Greek and Slovenian respondents, both showed a positive effect of weight
control over adherence to the MD. In Italy, the sensory appeal exhibited a negative effect
on adherence to the MD. Price and convenience were negatively associated with adherence
to the MD in Tunisia and Greece, respectively.

Looking at the sustainable food choice motives, the local and seasonality factors
showed a positive effect on adherence to the MD in Greece and Morocco, whereas it was
only slightly affecting the Italian respondents’ scores (p = 0.077). As indicated by the p-
values reported in correspondence with general sustainability (Table 3) motives, no effects
were shown on respondents” MD adherence, whereas a positive effect was found on the
attitude toward the MD in Italy.

4.3. Barriers and Motives to Adherence to the Mediterranean Diet

Among the barriers to the MD, health, restrictiveness, convenience, taste, food culture,
affordability and access were investigated, while health, diet quality, applicability, lifestyle,
affordability, and environment were evaluated as drivers considering the median values
(Table 4), whilst the mean values are reported in Table A5 (Appendix A).

Table 4. Main drivers and barriers to the Mediterranean Diet (MD): Median values (IQR).

Drivers and Barriers to the Greece Ttaly Morocco Slovenia Tunisia Total
MD (n = 800) (n = 802) (n = 803) (n = 806) (n=814) (n = 4025)
Drivers

Health (positive effect on
cholesterol, lowers LDL,and 6.0 (5.0-6.7)®  6.0(5.3-6.3) 5.0 (4.3-6.0)® 57 (47-6.0)¢ 5.0 (4.0-6.0)9 5.7 (47-6.3)
reduces health risks)
Diet quality (healthier, more
nutritious food, higher F&Vs, 6.0 (5.7-7.0)2 6.0 (57-6.7)  57(5.0-6.3)® 6.0 (5.0-63)P 57 (47-6.0)¢ 6.0 (5.0-6.7)
and lower meat consumption)
Applicability (tastier and more
sustainable than other diets)
Lifestyle (homemade,

6.0(5.0-7.002  60(60-7.0)2 605060 50(40-60)¢ 60(5.0-7.0° 6.0 (5.0-7.0)

unprocessed, additive-free, (55 (330 0 (50-63)7¢ 5750630 534360 7 G90Y 5760463
socialization, and /
family relations)

Affordability (easier food 5045 chva 5545601 5045-60b 403550 00 (ff"ﬁo) 5.0 (4.0-6.0)

access, and lower-priced food)
Environment (positive for
environment, better carbon 53(45-6.0)2 55(4.8-63)® 53(4.8-6.0)2 48(4.0-55° 53(45-6.0)* 5.3 (4.5-6.0)
footprint, and local food)

Barriers
Health (contain
allergenic foods)
Restrictiveness (insufficient
food variety, restrictive, and 2.3 (1.7-3.3)® 2.0 (1.3-3.0)® 33(23-4.3)°
difficult diversify food recipes)
Convenience (difficult to
prepare and time-consuming)
Taste (contains
unpleasant-tasting foods)
Food culture (conflict with
cultural habits)

40(3.0-500* 40(3.0-50) 4.0(3.0-45)° 4.0(2545P 40(3.0-50)° 4.0 (3.0-45)

302040 3500404 272037)

30(2040)°  30(2040)° 403050° 40040 02050

2.0 (2.0-4.0)
d

3.0 (2.0-5.0)
20(L0-30)2  20(1.0-2.00>  3.0(20-4.0)¢ 20(10-3.0)¢  2.0(1.0-3.0)

20(20-4.00  20(1.0-3.00> 30(20-50)¢ 2.0(1.04.0)2 2.0(20-4.0) 2.0 (1.0-4.0)
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Table 4. Cont.

Drivers and Barriers to the Greece Italy Morocco Slovenia Tunisia Total
MD (1 = 800) (n = 802) (n = 803) (n = 806) (n =814) (1 = 4025)

Affordability (contains
high-priced foods)
Access (limited options in
shops and restaurants)

4.0(3.0-5.0)*  3.0(2040° 403050 4030507 4.0(3.0-50)7 4.0 (2.0-5.0)

3.0(20-4.0)°  20(1.0-35" 40(3.0-50)¢ 40(3.0-50)¢ 3520459 3.5(20-45)

Notes: The items were all recorded on a 7-point scale (1—Not at all important; 7—Extremely important). Medians
followed by a common letter are not significantly different, while different letters indicate statistically significant
differences between countries (Kruskal-Wallis H test with the Bonferroni post hoc test, p < 0.05).

Opverall, participants in all the Mediterranean countries involved perceived more
benefits compared to barriers to the adoption of MD. Drivers’ average scores range from
4.13 (“ Affordability” in Slovenia) to 6.08 (“Diet quality” in Greece), while barriers’ average
scores ranged from 2.04 (“Taste” in Italy) to 4.03 (“Health” in Italy) (Table A5).

In general, diet quality (having healthier and more nutritious food, higher F&Vs, and
lower meat consumption), applicability (tastier and more sustainable diet), and lifestyle
(homemade, unprocessed, additive-free food, socialization, and family relationships) were
identified as the most frequently reported advantages of the MD. Health benefits (positive
effect on cholesterol, lowers LDL, and reduces health risks) were the second highest
perceived driver in Slovenia. Considering the differences between countries, diet quality,
applicability, lifestyle, and health benefits recorded the highest scores in Italy and Greece
compared to the other countries (Table 4). The environmental (positive for environment,
better carbon footprint, and local food) and affordability benefits (easier food access and
lower-priced food) that were, respectively, the second least and the least perceived, received
the highest scores in Italy. Overall, the perceived benefits of the MD had similar patterns
within the Greek and Italian samples and within the Tunisian and Moroccan ones.

Among the factors limiting the adoption of the MD, health (contains allergenic foods)
and affordability (contains high-priced foods) were the most relevant barriers to the MD
for the consumers in all countries. In general, taste (contains unpleasant-tasting foods),
food culture (conflict with cultural habits), and restrictiveness (insufficient food variety,
restrictive, and difficult to diversity food recipes) were the least relevant barriers for the
respondents in all countries. The differences between countries (Table 4) indicated that
health was a highly perceived barrier in all countries except Slovenia and that affordability
was strongly perceived as a barrier in all countries, with significantly lower values in Italy.
Convenience (difficulty in terms of preparation and time-consumption) was relatively more
strongly perceived as a barrier in Tunisia and Morocco, whereas access (limited options
in shops and restaurants) was a relevant barrier in Slovenia and Morocco. In general,
respondents in Italy and Greece reported the lowest perceived barriers to adopting the MD,
while those in Morocco reported the highest.

5. Discussion

The results of our study showed that attitude toward healthy eating is a significant
predictor of adherence to the MD in all the countries involved. This result supports H11
(Figure 1), confirming that those with a more favorable attitude toward healthy eating have
a higher adherence to the MD, as also documented by Roininen et al. [40].

Similarly, a positive effect was observed for the exogenous variable “attitude towards
the adoption of the MD”, being a forecaster of adherence to the MD itself. The results
registered in Slovenia, Italy, and Greece confirm H10. These findings are coherent with
the existing literature regarding the attitude-behavior relationship [39]. Considering the
other two countries (Morocco and Tunisia) where lower non-significant paths have been
found, adherence to the MD was not affected by consumers’ evaluation of adherence to
the MD itself. In these countries, the food culture barrier, intended as the conflict between
following the MD and cultural habits, registered its highest values, despite being one of
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the less relevant barriers among the other countries. Therefore, it is likely that for Tunisian
and Moroccan respondents with a positive attitude toward the MD, it is not a sufficient
driver for adhering more closely to this dietary behavior. Consequently, these results
pose evidence for the attitude-behavior gap in the evaluation of healthy eating and the
adoption of relative behavior, in particular when the behavior is not perfectly aligned
with individuals’ cultural values. This finding seems to support the recent theoretical
discussions about the importance of individuals’ goals in forming the motivation to consider
performing a particular behavior [56]. For these countries, the recovery or rediscovery of
traditional recipes in line with the MD and the gastronomic culture of these populations
could represent a strategy to bridge this attitude-behavior gap.

Adult picky eating showed a negative effect on adherence to the MD with significant
values in Slovenia, Tunisia, Morocco, and Italy; these findings support H12, confirming
that those less prone to eating unfamiliar and novel foods show negative association with
adherence to the MD. Menghi et al. [42] have also documented a negative link between
adult PE and adherence to the MD in Italy. In our study, this negative influence was also
found in the other countries, except for Greece. In this latter country, PE was a significant
antecedent of consumers’ attitude toward the adoption of the MD. Therefore, in Greece, we
found that the effect of adult PE on adherence to the MD is likely to be mediated by the
consumers’ attitude. In other words, those who are unwilling to eat familiar foods or try
novel foods have a more negative attitude toward the MD and, given this attitude, are also
showing lower adherence to the MD.

Regarding the other exogenous variables included in the model, among food choice
motives [30,31], the health dimension was found to be positively correlated with adherence
to the MD in Morocco and Slovenia, confirming H1 for those countries. Researchers in the
literature have indeed indicated a positive relation between the health dimension and both
the consumption of vegetables and the association of the MD with health benefits [6,32].
Therefore, those giving more importance to those healthy aspects in food choices have a
higher adherence to the MD.

Subjects paying more attention to the natural content showed higher adherence to the
MD in Italy, Morocco and Tunisia, thus confirming H2 for those countries and the results
of studies conducted in other countries [33]. H3 was confirmed in Greece and Slovenia,
indicating that, for those two countries, a positive effect of the weight control dimension on
the respondents” adherence to the MD is observable, similarly to what was found in the
US [33].

The familiarity factor is not a significant predictor of MD adoption; therefore, H7 was
not supported by the results. Instead, the food choice motives related to the sensory appeal,
price, and convenience have evidenced negative effects on adherence to the MD in different
countries. The sensory appeal dimension negatively affected adherence to the MD in Italy,
confirming H4. This means that those indicating a preference for food that smells nice,
with a pleasant texture and that tastes well, exhibited a lower MD adherence. A weaker
negative influence of this dimension was found in Morocco and Slovenia too. This result
indicates that, in those countries, increasing the sensory appeal of the foods related with
the MD could be associated with an increase in the MD score [34].

In Tunisia, consumers expressing a higher importance for the price factor, such as
preference for cheaper food and good value for money, showed a lower adherence to the
MD, thus supporting Hé. Affordability was also found to be a significant barrier to the MD
in all countries. As already found in France [35] and Italy [36], convenience, familiarity,
and price have been identified as relevant barriers for the adoption of sustainable dietary
behaviors in different Mediterranean countries. In Italy, another study has shown that the
monthly expenditure of the MD is slightly higher in the overall budget compared to the
current expenditure allocated to food by the Italian population, with a substantial difference
in the distribution of budget according to the different food groups [17]. A higher need
for food expenditure to achieve higher adherence to the MD was also found in Spain [57];
these results may suggest that, in the poorest regions or sub-population groups, where
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access to MD is less affordable in relative terms, fiscal measures should be proposed in the
form of income supplements for the lowest income levels.

Similarly, Greek consumers that showed a higher preference for convenience di-
mension (e.g., easy-to-cook) were linked to a lower MD adoption, as postulated in H5.
Convenience was also found to be a significant barrier to the MD in all countries. In Greece,
the production of more convenient and easy-to-handle food (e.g., snacks) with ingredients
linked to the MD could possibly increase the adherence to this dietary pattern. In Slovenia,
the convenience factor positively affected the attitude toward the MD, indicating that
ready-to-eat or easy-to-cook products with ingredients typical from the Mediterranean
basin could increase the consumers’ attitude toward the MD and, in turn, lead to higher
MD scores.

Looking at the sustainable food choice motives, the local and seasonal dimension was
found to positively affect the MD adoption in Morocco and Greece. A weaker positive
correlation was found in Italy too, thus confirming H9. Moroccan, Greek, and Italian
consumers who expressed a higher attention to local, regional, and seasonal products
showed a higher adherence score to the MD. This result confirms recent findings showing
the relationship between adherence to the MD and sustainable dietary behaviors [37], as
well as the revision and restructuring of the Mediterranean Diet Pyramid incorporating
the sustainability and environmental impact of this dietary pattern [58]. However, H8 was
not supported, since the positive effect of the general sustainability was only found in
Italy on the consumers’ attitude toward the MD, not on the behavior itself. In other words,
Italian consumers that are more interested in animal/environmental welfare and ethical
concerns also have a more positive attitude toward the adoption of the MD; as a result,
more favorable evaluation also exhibited higher MD scores.

Overall, our results demonstrate regional differences in the factors affecting, as well
as in the barriers preventing, the adoption of the MD. In general, since attitudes toward
healthy eating were found to be the most relevant predictor of adherence to the MD in
the five countries, designing intervention strategies aimed at providing information to
increase consumers’ awareness about the health impact of balanced and healthier dietary
behavior is highly recommended. Although Sogari et al. [59] found that health messages
did not influence US young adults to eat more whole grain food products, such informative
strategies could be more effective in other population groups. A meta-analysis found that,
when it comes to food products in particular, the use of gain frames (i.e., messages framed
to promote the advantages of consuming a particular food) elicits stronger responses from
consumers than the use of loss frames (i.e., messages framed to stress the negative outcomes
of not consuming that particular food) [60]. Thus, promoting consumers’ information
regarding the benefits of the MD adoption and stimulating their beliefs regarding the topic
could contribute to increasing their attitude toward adherence to the MD and, in this way,
the behavior itself. This might not be the case in countries such as Morocco and Tunisia,
where this dimension was not found to affect the adoption to the MD. Given the variety
of outcomes gained in the different countries involved regarding food choice motives, a
tailored approach may be recommended to specifically promote some categories of less
frequently consumed foodstuffs. Finally, given that the “variety of food consumption” is a
pillar in the MD and having found a negative influence of PE on its adoption, strategies
based on exposure could be a valuable option to promote adherence to the MD.

Other more practical approaches might be targeted to the implementation of a nutri-
tional intervention program that introduces MD-inspired meals in workplace and school
canteens. Studies have shown that such programs can successfully and sustainably intro-
duce new dietary habits among working populations and adolescents with a minimal level
of intervention [61,62]. Peer support interventions can also be applied as practical measures
to promote the MD, in particular, for populations whose behavior is strongly influenced by
subjective norm [59]. A 12-month randomized controlled trial targeting non-Mediterranean
populations at high cardiovascular disease risk and with low MD adherence compared
three intervention strategies: peer support, dietician-led, and minimal support groups. The
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study observed significant improvements in BMI, HbAlc levels, and blood pressure. These
findings indicate that peer support strategies can facilitate dietary behavior changes toward
adopting an MD [63].

To accommodate diverse dietary preferences, such as those of picky eaters, various
meal delivery kits now include MD-based options specifically designed to adhere to the
MD while also prioritizing convenience. Additionally, modern recipe books offering
time-saving MD recipes can greatly benefit consumers looking for easy and quick meal
options. Resources such as dietary guides from the Harvard School of Public Health
provide examples of diet plans that follow MD principles, offering practical advice for
incorporating the diet into daily routines [64].

Policy interventions have also proven crucial for promoting the MD, particularly
among the lowest socioeconomic groups [57,65]. It has been suggested that the combination
of policies, including taxes on specific foods aimed at discouraging unhealthy eating
(e.g., sweetened beverages) and eliminating/reducing taxes (e.g., value-added tax) or
introducing subsidies for healthy options (e.g., fruits and vegetables), can effectively
promote healthier diets while providing support to the most vulnerable groups [66].

Strengths, Limitations, and Future Directions

To the authors’ knowledge, no previous studies have assessed adherence to the MD
in large representative samples across different European and African Mediterranean
countries. Food choice motives and attitudinal variables associated with eating habits
were also evaluated to provide a better overview of the factors facilitating or discouraging
Mediterranean dietary behaviors in the studied countries. The results could possibly help
in designing appropriate local and national policies and interventions to promote MD.

Despite the novelty of our research, some inherent limitations need to be outlined. A
major limitation of this study is the lack of use of validated psychometric measures across
countries, in particular for the APEQ and the SUS-FCQ. However, a partial validity of
the used measures is supported by the values of Cronbach’s alphas. Nevertheless, future
studies should address this issue. A second limitation has to do with the sampling method.
While the sample size is adequate across countries, it is not fully representative of the
studied population. For instance, the average education level is relatively high, with 39.2%
of Tunisians holding a postgraduate MSc or PhD. Similarly, participants from Morocco
and Tunisia are younger than those from other countries. It is also known that age affects
adherence to the MD, albeit controversially. Moreover, we cannot fully exclude selection
bias, in the sense that those who participated in the survey could be more interested
in the topic discussed than the general population, thus giving a partial picture of the
problem. Therefore, the results might have been influenced by this factor too and possible
future investigations should engage older age groups in those countries to improve sample
representativeness. Another limitation is related to the cross-sectional design, which does
not allow for determining the temporal direction of the associations. Although this is a
quite common practice [65], future studies should apply longitudinal studies to predict the
prospective behavior. Finally, given the relatively low variance explained by the models
across all countries, novel studies are needed to identify a more comprehensive regional list
of predictors including, e.g., variables widely applied such as subjective norms, perceived
behavioral control, and other psycho-social variables.

Future research direction should consider factors such as the demographics, attitudes,
nutrition literacy, and psychosocial traits of consumers that significantly influence the like-
lihood of adopting the MD principles [28]. However, the evidence remains inconclusive for
certain factors. For instance, the relationship between age, gender, and MD adherence is still
debated. While some studies suggest that being female and older is associated with higher
adherence to the MD, others report contradictory findings or no gender differences [14].
Nevertheless, further insights on how lifestyle behaviors and age-related factors influence
MD adherence could enhance the discussion [67]. Likewise, although the positive impact
of awareness and literacy regarding the MD’s health benefits on dietary variety and quality

121



122 Chapter 3. Publications

Nutrients 2024, 16, 2405 19 of 25

is well documented [28], less is known about the psychological traits that may impede
adherence. A significant body of the literature suggests that traits associated with selective
eating negatively affect habitual intake of prototypical MD food groups [68]. However,
previous studies reporting such negative effects are either limited to childhood [69] or to
a specific geographical area [42]. Thus, it remains unclear as to whether selective eating
traits contribute equally to the observed decline in MD adherence among adults across the
Mediterranean region.

6. Conclusions

Given the increasing importance of achieving health and sustainable goals, the promo-
tion of more sustainable dietary behavior, including the MD, assumes a central role. By
preventing the abandonment of such a diet and implementing its adoption, especially in the
Mediterranean countries, it is therefore crucial and is strictly linked to the understanding
of factors predicting such behavior.

The present study confirmed, from a cross-country perspective, the relative importance
of specific food choice motives (positively or negatively affecting the adoption of the MD)
and of other attitudinal factors (i.e., attitudes toward the healthfulness of food, attitudes
toward the MD, and adult picky eating) in attaining this goal.

Overall, the research reported a medium-to-low adherence score to the MD, with a
largely prevalent share of low to medium MD adherence values for consumers registered in
the five countries (Greece, Italy, Morocco, Slovenia, and Tunisia). Attitudes toward healthy
eating were found to be the most relevant predictor of adherence to the MD in the five
countries. This result suggests that policies or intervention strategies aiming at increasing
consumers’ awareness about the health impact of balanced dietary behavior would likely
increase adherence to the MD. Attitude toward the adoption of the MD is also a significant
predictor in the European countries involved in the study but not in the Northern African
ones, whereas pick eating negatively affects adherence to the MD in all countries except
Greece. Finally, our results demonstrate regional differences in the factors affecting, as well
as in the barriers preventing, the adoption of the MD. Given the variety of outcomes across
the five countries regarding the influence of food choice motives on adherence to the MD, a
tailored approach may be recommended for policy design.
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Appendix A

Table Al. Sample characteristics, number (n), percentage (%), mean and standard deviations (sd).

Predictors Greece Italy Morocco Slovenia Tunisia
(n = 800) (n =802) (n =803) (n = 806) (n=814)
Sex n % n % n % n % n %
Females 414 51.8 406 50.6 404 50.3 410 50.9 362 445
Males 382 478 394 49.1 396 49.3 395 49.0 448 55.0
Other, or prefer not to reply 4 0.5 2 0.2 3 0.4 1 0.1 4 0.5
Age (categories) n % n % n % n % n %
18-29 150 18.8 123 153 305 38.0 107 13.3 232 28.5
30-44 246 30.8 186 232 320 39.9 241 299 387 475
45-59 279 34.9 252 314 151 18.8 261 324 151 18.6
60-79 125 15.6 241 30.0 27 34 197 244 44 5.4
Age (mean, sd) 43.9 13.5 487 15.4 35.6 10.9 474 14.4 37.1 114
Education level n % n % n % n % n %
Lower secondary or below 23 29 59 7.4 76 9.5 60 74 27 33
Upper secondary 344 43.0 417 52.0 293 36.5 381 473 206 253
Bachelor’s or equivalent 265 33.1 88 11.0 286 35.6 135 16.7 249 30.6
Postgraduate MSc or PhD 155 19.4 237 29.6 137 17.1 202 25.1 319 39.2
Other 13 1.6 1 0.1 11 14 28 3.5 13 1.6
Geographical area n % n % n % n % n %
Large urbanization area 232 29.0 96 12.0 244 30.4 14 17 187 23.0
Metropolitan area 101 12.6 63 7.9 197 245 17 21 157 19.3
Medium-sized urban area 119 14.9 84 10.5 184 229 144 179 196 241
Small urban area 219 27.4 239 29.8 120 14.9 182 226 164 20.1
Nearby rural area 90 11.3 255 31.8 36 4.5 344 427 85 10.4
Remote rural area 39 49 65 8.1 22 2.7 105 13.0 25 3.1
Income level n % n %o n %o n % n %
RCIGICEOl R me o 59 74 188 234 83 103 198 243

to the end of the month
Some difficulty getting to
the end of the month
No difficulty in reaching

400 50.0 260 324 287 35.7 240 29.8 374 45.9

o e 169 21.1 300 374 161 20.0 264 328 112 138

Menage to/saveinoney 49 6.1 157 19.6 9% 12.0 182 26 72 8.8
every month

1 refuse to answer 28 35 26 3.2 71 8.8 37 46 58 71

BMI (mean, sd) 26.0 4.8 24.4 5.1 247 4.8 26.3 5.1 25.8 6.2
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Table A2. Food Choice Questionnaire (FCQ) and Sustainable Food Choice Questionnaire (SUS-FCQ)
motives, Adult Picky Eating Questionnaire (APEQ), Attitude toward Mediterranean Diet (AMD),
Health and Taste Attitude Scales (HTAS), mean values (SD) across the five countries.

Greece Italy Morocco Slovenia Tunisia Total
(1 = 800) (n = 802) (n = 803) (n = 806) (n=814) (n = 4025)
FCQ
Health 5.75(1.10) > 571 (1.02)? 5.88 (1.28) b 5.61(1.19)? 5.66 (1.35) 2 5.72 (1.20)
Convenience 521(1.19)*  530(1.16)° 508 (1.42)2 518 (1.30)*>  4.87(1.51)¢ 5.13 (1.33)
Sensory appeal 5.87 (1.03) 2 5.81(0.98) * 5.93(1.15)* 5.56 (1.12) ® 5.80(1.17) 2 5.79 (1.10)
Natural content 571 (1.21)* 579 (1.21)®  574(1.33)2>  557(1.34)2  5.59 (1.36) * 5.68 (1.30)
Price 576 (1.07)2 547 (1.10)®  546(1.26)®  550(1.15°  536(1.23)" 551 (1.17)
Weight control 515(1.38)2  4.86(1.46)®  4.69(1.63)P  448(1.52)¢  4.46(1.57)°¢ 4.73 (1.54)
Familiarity 5.04(1.21)° 454 (1.28) ® 4.78 (1.43) ¢ 5.03(1.13)2 4.44 (145)° 4.76 (1.33)
SUS-FCQ
General sustainability (+halal) 1 5.24 (1.22) 2 542 (1.19)® 5.80 (1.23) © 5.06 (1.46) 4 5.76 (1.13) © 5.46 (1.28)
General sustainability 2 5.53 (1.26) @ 579 (1.24)®  5.65(1.36) >  5.34 (1.49) ¢ 5.60 (1.29) 2 5.58 (1.34)
Animal welfare (+halal) ! 470 (1.41)*¢  4.83(1.33)? 5.70 (1.39) 4.58 (1.63) © 5.69 (1.30) b 5.10 (1.50)
Animal welfare 2 5.32(1.55)? 5.63 (1.46) ® 5.20(1.88) @ 5.15(1.72) @ 518 (1.84)° 5.30 (1.71)
Ethical concern 5.68(1.29)*  5.83(1.31)*® 589 (1.41)P 5.48 (1.56) © 5.76 (1.45) 2 5.73 (1.41)
Environmental welfare 5.61(1.38) 5.89 (1.3) 5.84(1.48)%  539(1.54)*  5.86(1.42)P 5.72 (1.44)
Local and seasonal 5.12(1.34)? 543 (1.21) P 489(1.54)¢  529(1.38) 2  4.48(1.63)4 5.04 (1.47)
APEQ
Picky eating 229 (0.58) @ 2.20 (0.64) ® 2.75(0.52) © 2.14 (0.54) ® 2.70 (0.48) © 2.42 (0.61)
Meal presentation 2.30 (0.66) 2 217 (0.72) b 2.77 (0.66) © 2.05 (0.62) 4 2.67 (0.64) © 2.39 (0.71)
Food variety 229 (0.74)2 22108007  2.65(0.71)P  220(0.74)®  2.64(0.66) P 2.40 (0.76)
Meal disengagement 2.09 (0.77) 2 1.83 (0.80) 2.48(0.79) © 2.09 (0.73) 2 2.46 (0.74) © 2.19 (0.80)
Taste aversion 2.37(0.69) 2 2.42(0.78) 291 (0.67) ® 2.24 (0.61) € 2,90 (0.64) ® 2.57 (0.74)
AMD
Attitude toward MD 6.22 (1.36) 2 629(1.17)2 5.14 (1.75) 5.71(1.39) ¢ 5.26 (1.78) 5.72 (1.58)
HTAS
Attitude healthy eating 464(091)2  480(097)®  482(090)>  447(0.94)¢  4.95(098)¢ 4.74 (0.95)
The food choice motives scale and the sustainable food choice motives scale were recorded on a 7-point scale
(1—Not at all important; 7—Extremely important). The picky eating items were recorded on a 5-point scale
(1—Never; 2—Rarely; 3—Sometimes; 4—Often; 5—Always). Attitude toward the adoption of the MD and attitude
toward healthy eating were recorded on 7-point scales. Note: ! includes the item “Is produced in halal way”;
2 does not include the item “Is produced in halal way”. Means followed by a common letter are not significantly
different; different letters indicate statistically significant differences between countries (post-hoc Tukey HSD test,
p <0.05).
Table A3. Cronbach’s alpha of the selected variables across the five countries.
Greece Italy Morocco Slovenia Tunisia Total
(n = 800) (n =802) (n =803) (1 = 806) (n =814) (1 = 4025)
Health 0.889 0.842 0.830 0.867 0.851 0.855
Natural content 0.873 0.909 0.796 0.900 0.768 0.844
Weight control 0.886 0.909 0.840 0.899 0.765 0.856
Sensory appeal 0.823 0.828 0.783 0.802 0.750 0.787
Convenience 0.770 0.836 0.794 0.856 0.788 0.807
Price 0.790 0.856 0.712 0.811 0.702 0.767
Familiarity 0.758 0.822 0.747 0.761 0.706 0.761
General sustainability 0.920 0.939 0.875 0.947 0.830 0.912
Local and seasonal 0.842 0.859 0.751 0.881 0.772 0.815
Attitude toward MD 0.953 0.919 0.888 0.922 0.916 0.922
Attitude healthy eating 0.774 0.798 0.718 0.770 0.721 0.746

Picky eating 0.877 0.898 0.798 0.874 0.756 0.873
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Table A4. Structural equation models predicting the attitude toward the Mediterranean Diet (MD)
and the adherence score to the MD: unstandardized coefficients (beta), standard errors (se).

Predictors Greece Italy Morocco Slovenia Tunisia
(1 = 800) (n =802) (n = 803) (n = 806) (n = 814)

Attitude toward MD beta se beta se beta se beta se beta se
Health 0.002 0.059 —-0.007  0.053 0.064 0.063 0.028 0.053 0.143 0.054
Natural content 0.156 0.054 —0.032 0.048 0.012 0.061 0.118 0.051 0.109 0.056
Weight control 0.041 0.045 —0.004 0.037 0.000 0.046 —0.071 0.042 —0.057 0.049
Sensory appeal 0.101 0.052 0.067 0.048 —0.028 0.066 0.094 0.050 —0.069 0.061
Convenience —0.074 0.046 —0.021 0.041 0.095 0.052 0.111 0.044 0.020 0.047
Price 0.034 0.049 —0.049 0.041 0.027 0.058 —0.086 0.048 0.095 0.056
Familiarity 0.007 0.047 0.132 0.038  —0.001 0.052 —0.041  0.049 0.017 0.051
General sustainability —0.007 0.045 0.156 0.043 —0.001 0.055 0.003 0.043 —0.075 0.057
Local and seasonal 0.088 0.044 0.072 0.043 0.030 0.050 0.092 0.046 0.025 0.046
Attitude healthy eating ~ 0.057 0.068 0.070 0.057 0.041 0.080 0.135 0.070 0.084 0.080
Picky eating —0.213 0.083 —0.209 0.068 0.075 0.124 —0.230 0.092 —0.170 0.134

Adherence to the MD beta se beta se beta se beta se beta se
Health 0.078 0.072 0.099 0.080 0.161 0.063 0.196 0.069 0.101 0.056
Natural content 0.117 0.067 0.349 0.072 0.122 0.060 0.094 0.067 0.183 0.057
Weight control 0.140 0.056 0.068 0.056 0.072 0.046 0.126 0.055 0.055 0.050
Sensory appeal —0.058  0.065 —0227 0072 —-0.124 0.065 —0.122  0.067 —0.046 0.063
Convenience —0.150 0.057 —0.109 0.062 —0.041 0.052 —0.074 0.059 —0.036 0.049
Price —0.051 0.061 —0.086 0.062 —0.098 0.058 —0.002 0.063 —0.170 0.057
Familiarity —-0.084  0.058 -0.071  0.058  —0.041  0.051 —0.059  0.065 0.029 0.053
General sustainability -0.023 0.055 —0.104 0.065 0.006 0.054 0.041 0.057 —0.028 0.058
Local and seasonal 0.109 0.055 0.115 0.065 0.124 0.050 0.069 0.061 0.067 0.047
Attitude toward MD 0.095 0.044 0.185 0.053 0.034 0.035 0.223 0.047 0.053 0.036
Attitude healthy eating ~ 0.465 0.084 0.426 0.085 0.365 0.079 0.566 0.093 0.289 0.082
Picky eating —0.092 0.103 —0.207 0.102 —0.253 0.122 —0.356 0.122 —0.313 0.138

Table A5. Main drivers and barriers to the Mediterranean Diet (MD): mean values (SD).

Greece Italy Morocco Slovenia Tunisia Total

Drivers and Barriers to the MD (1 = 800) (1 = 802) (1 = 803) (1 = 806) (=814  (n=4025

Drivers
Health (positive effect on cholesterol, lowers
LDL, and reduces health risks)

Diet quality (healthier, more nutritious food,
higher F&Vs, and lower meat consumption)
Applicability (tastier and more sustainable than
other diets)

Lifestyle (homemade, unprocessed, additive-free,
socialization, and family relations)
Affordability (casier food access and
lower-priced food)

Environment (positive for environment, better a b a " "
carbon footprint, and local food) 5.29 (1.00) 5.46 (0.98) 5.30 (0.92) 4.77 (1.12) 5.18 (0.97) 5.20 (1.03)

585(1.00)®  580(1.00)° 507(117)°  542(120)0°  482(132)¢ 539 (1.21)
6.08(0.86)*  6.07(0.80)*  562(098)>  565(1.02)°  539(1.09)¢ 576 (0.99)
597(1.04)*  6.02(1.04)* 557(121)°>  522(132)¢  559(121)°  5.67(1.21)
578(092)® 572(095)* 554(1.07)>  518(1.14)¢ 562 (1.00)b< 557 (1.04)

5.00(1.15)2  525(1.15)>  515(1.17)*®  413(1.27)¢  5.14(1.17)®  4.93(1.25)

Barriers
Health (contain allergenic foods) 3.92(1.26) 4.03(1.38) @ 3.95(1.27) 2 3.63(1.31)° 3.94 (1.30) ¢ 3.89 (1.31)
Restrictiveness (insufficient food variety, - b ( d 4
restrictive, difficult diversify food recipes) 2.60 (1.17) 2.39 (1.29) 3.47 (1.36) 3.00 (1.15) 3.11(1.31) 291 (1.31)
Convenience (difficult to prepare and

a a b c b
time-consuming) 3.19 (1.50) 2.98 (1.56) 3.88 (1.59) 3.44(144)¢ 3.70 (1.71) 3.44 (1.60)

Taste (contains unpleasant-tasting foods) 2.18(1.32)° 2.04 (1.45)° 3.11 (1.79) b 2.63(1.44)° 2.53(1.63) ¢ 2.50 (1.58)
Food culture (conflict with cultural habits) 2.66 (1.49)° 227 (145)° 3.39(1.76) © 2.71 (1.46) 24 291 (1.72) ¢ 2.79 (1.62)
Affordability (contains high-priced foods) 3.83(1.49)° 3.18 (1.62) ® 3.96 (1.63) * 4.00 (1.54)* 3.86 (1.66) * 3.77 (1.62)

Access (limited options in shops and restaurants) ~ 3.20 (1.38) # 2.52 (1.46) ® 3.85(1.52) ¢ 3.81(1.40) ¢ 3.53 (1.56) ¢ 3.38 (1.55)

Notes: The items were all recorded on a 7-point scale (1—Not at all important; 7—Extremely important). Means
followed by a common letter are not significantly different; different letters indicate statistically significant
differences between countries (post-hoc Tukey HSD test, p < 0.05).
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PROMEDLIFE Questionnaire
[Language preference]
Please select your preferred language:

Arab
Greek
French
Italian
Slovenian

o 0O 0O 0O O

[Brief introduction to the questionnaire]

Dear Participant,

we would like to invite you to take part in a research study involving the administration of a
questionnaire with questions concerning certain socio-demographic and lifestyle aspects (dietary
habits and preferences, physical activity) conducted as part of the PRIMA European project
"PROMEDLIFE".

Before you decide to participate in this study, it is important that you have all the information you
need to participate in an informed and responsible manner. We ask you to read the following and
to contact Prof. Davide Menozzi (davide.menozzi@unipr.it) with any questions you may have,
indicating "PROMEDLIFE STUDY" in the subject line of the email.

Participation is completely voluntary and all information collected will be kept private and
confidential. Data from the study are collected anonymously and will only be used for research
purposes.

Brief Description and Objectives. The research project aims to investigate lifestyle (dietary habits
and preferences, physical activity) in relation to socio-demographic characteristics.

What does participation in the study entail? Participation in this research project entails the
honest and sincere fulfilment of an online questionnaire about your socio-demographic and
lifestyle characteristics.

Benefits, inconveniences and/or potential risks of participation. Participation in the study does
not entail any kind of risk or inconvenience.

Withdrawal from the study. You have the right to withdraw your consent to participate in this
study at any time, even without prior notice or specific reason.

Return. You have the right to request information on the results and outcome of the search.

Measures envisaged to protect anonymity. The data will be collected anonymously and used
exclusively for scientific and statistical purposes and in compliance with current data protection



130 Chapter 3. Publications

legislation. The research results will be published in summary form and under no circumstances
will any brief quotations be attributable to individual persons.

Contact. Please contact Prof. Davide Menozzi (davide.menozzi@unipr.it) for any further
information or clarification you may require.

1. If you agree to these terms and conditions, please select ‘l agree’ to continue the survey.

o lagree = question n.3
o ldon't agree

2. You stated to not consent with the participation terms and do not want to participate in
the survey. Are you sure?!

o Yes (screen out)
o No, | want to try again

[Screening questions]
3. Please indicate where you live

Italy (for Italian survey only)

Greece (for Greek survey only)
Slovenia (for Slovenian survey only)
Tunisia (for Tunisian survey only)
Morocco (for Moroccan survey only)
o Other (screen out)

O O 0 0 O

4. Please indicate how long have you been living in Italy/Greece/Slovenia/Tunisia/Morocco.

o <1year? (screen out)
o 1-5years
o >5years

5. What is your age3? (A drop-down menu will be shown):

o <18 years (screen out)
o
o >79years (screen out)

6. Are you responsible for food purchases for your family or yourself*?

o Always
o Often
o Sometimes

1 Henn et al, 2022 (doi: 10.1016/j.foodqual.2021.104455)

2 The idea is to limit the survey to those residing from at least one year in the country of residence for food habits
adaptation

3 Definition of adults based on “adult”[Mesh] in Pubmed excluding “aged, 80 and over”[Mesh].

“ This screening condition is defined in the Grant Agreement.
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(o]

Never (screen out)

[General food-related questions]

7. Are you responsible for meal preparation for your family or yourself?

O 0 O O

Always
Often
Sometimes
Never

8. Do you consider yourself...

@]

o

O O 0 O

Omnivore (general food regimen, both plants and animals are included)
Lacto-vegetarian (meat, poultry, fish, eggs are excluded; dairy products such as milk,
cheese, yoghurt, and butter are included).

Ovo-vegetarian (meat, poultry, fish, and dairy products are excluded; eggs are included).

Lacto-ovo vegetarian (meat, poultry, and fish are excluded; dairy products and eggs are
included).

Pescatarian (meat, poultry, dairy products, and eggs are excluded; fish is included).
Vegan (meat, poultry, fish, eggs and dairy products are excluded)

Flexitarian (a plant-based diet with the occasional inclusion of animal products)

Others (please specify)

9. Please indicate if your food habits are affected by any religious beliefs and/or ethical
concerns

10.

11.

O 0 0O O

O 0O 0O

Yes, they are affected by religious beliefs

Yes, they are affected by ethical concerns

Yes, they are affected by religious beliefs and ethical concerns

No, they are not affected by any religious beliefs and/or ethical concerns

Are you currently on a low-calorie diet for weight loss or weight loss maintenance?

Yes, under the supervision of a healthcare professional
Yes, without the supervision of a healthcare professional
No

Other (please specify)

How often do you eat meals (breakfast, lunch or dinner) out of home*?

*This includes, for example, meals eaten in restaurants, canteens or self-service restaurants and not
meals cooked at home and eaten at work.

O O O 0O O

Never

Less than once a month
Once a month

2-3 times per month
1-2 times per week

131



132

o

12.

o]
o
o
[e]
[e]
o]
o]

3-4 times per week
5 or more times per week

How often do you eat fast foods?

Never

Less than once a month
Once a month

2-3 times per month

1-2 times per week

3-4 times per week

5 or more times per week

[Food choice motives]

Chapter 3. Publications

Please answer to the following items on a 7-point scale (1 — Not at all important; 7 — Extremely
important)®

It is important to me that the food | eat on a typical day...

[Health]

Contains a lot of vitamins and minerals

Keeps me healthy

Is nutritious

[Convenience]

Is easy to plan, buy and prepare

Can be cooked very easily

Takes very little or no time to prepare

[Sensory appeal]

Smells nice

Has a pleasant texture

Tastes well

[Natural content]

10. | Contains no additives

11. | Contains natural ingredients

12. | Contains no artificial ingredients
[Price]

13. | Is not expensive

14. | Ischeap

> Adapted version by Pieniak et al, 2009 (http://dx.doi.org/10.1016/j.appet.2009.05.019).
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15. | Is good value for money
[Weight control]
16. | Islow in calories
17. | Helps me control my weight
18. | Islow in fat
[Familiarity]
19. | Is what | usually eat
20. | Is familiar
21. | Islike the food | ate when | was a child
[Ethical concern]
2. Is produced using ethical production methods (e.g. sustainable,
animal friendly, without child labour, etc.)
23. | Supports the local economy
24, | Is produced/packaged in an environmentally friendly way

[Sustainable food choice motives]®

Please answer to the following items on a 7-point scale (1 not at all important, 7 Extremely

important).
It is important to me that the food | eat on a typical day...

[General sustainability]

[Animal welfare]

Is produced without animals being in pain

Is produced in an animal friendly way

Is produced in Halal way

[Ethical concern]

Is produced without exploitation

Is produced without child labour

[Environmental welfare]

Is prepared in an environmentally friendly way

Is produced in an environmentally friendly way

[Local and seasonal]

Is a local/regional product

Is a seasonal product

Comes from close by (little transport distance)

©Verain et al, 2021, doi: 10.1016/j.foodqual.2021.104267 (short version used)
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[Attitudes toward healthfulness of foods]’
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Please indicate to what extent you agree or disagree with each of the following statements on a
7-point scale: 1 “Strongly disagree” to 7 - Strongly agree”.

[General health interest - interest in eating healthily] 1

The healthiness of food has little impact on my food choices. [R]

| am very particular about the healthiness of food | eat.

| eat what | like and | do not worry much about the healthiness of
food. [R]

It is important for me that my diet is low in fat.

| always follow a healthy and balanced diet.

olo|s

It is important for me that my daily diet contains a lot of vitamins and
minerals.

The healthiness of snacks makes no difference to me. [R]

I do not avoid foods, even if they may raise my cholesterol. [R]

[Picky eating]

Please indicate to what extent the following statements apply to you (1 - Never; 2 — Rarely; 3 —
Sometimes; 4 — Often; 5 — Always).

[Meal presentation_1]

| have a strong preference toward specific food presentation

[Food variety_1]

| eat a limited number of items from each food group

[Meal disengagement_1]

| am often disengaged/uninvolved when sitting at the table for mealtime

[Taste aversion_1]

| reject bitter foods, even if they are only slightly bitter

[Meal presentation_2]

| prefer foods of a particular color

[Food variety_2]

My usual diet lacks a variety of food groups

[Meal disengagement_2]

| usually feel that | have something better to do than eating

[Taste aversion_2]

| reject sour foods

[Meal presentation_3]

| cringe, cry, or gag after seeing or eating certain foods

[Food variety_3]

7 Roininen et al, 1999 (doi: 10.1006/appe.1999.0232)
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10.

| do not like trying new foods

[Meal disengagement_3]

11.

| avoid mealtimes

[Meal presentation_4]

12.

| am sad or disappointed when food is not prepared/cooked in the “right

”

way”.

[Food variety_4]

13.

| eat from a very narrow range of foods (<10 different foods).

[Meal presentation_5]

14.

| am immediately suspicious of food and feel the need to carefully inspect
the majority of food.

[Meal presentation_6]

15.

| eat foods in a specific sequence.

[Meal presentation_7]

16.

| will not eat a food if | saw someone else touch it.

[Taste aversion_3]

17.

| prefer textures that are hard, dry or crunchy

[Taste aversion_4]

18.

| avoid foods that are mushy or slippery

[Taste aversion_5]

19.

| prefer only pureed or smooth foods

[Taste aversion_6]

20.

| prefer only sweet or salty foods that do not have a significant amount of
other flavors
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[Questionnaire to evaluate the adherence to the Mediterranean Diet — MEDAS questionnaire
as used by Turki et al, 20228]

Please answer to the following statements.

Questions Alternative answers (the score is
not shown to the participant)
Do you use olive oil as your main culinary fat? o Yes [1 point]
o No
How many teaspoons of olive oil do you consume in a o 4 or more [1 point]
given day (including that used for frying, salads, out-of- o 2or3
house meals, etc.)? o lessthanl
How many portions of vegetables (cooked and raw o 3ormore [1 point]
potatoes and beans are not included) do you eat per day? | © 1or2[1point]
(One serving = 200 g = half a large plate) o Lessthanl
How many servings of fresh fruit (including natural fruit o 3 ormore [1 point]
juices) do you consume per day? (Serving size = one unit o lor2
of medium-sized fruit, one large cup of sliced fruit, one o Llessthanl
slice of medium-sized melon/watermelon, or one cup of
fresh juice)
How many servings of red meat (veal, beef, mutton, o Lessthan 1[1 point]
pork®)/ hamburgers/other meat products (salami, o 2to4
merguez, sausage...) do you consume per day? (One o 5to6
serving = 100 to 150 g = one quarter to half of a meal o 7ormore
dish)
How many portions of butter, margarine or cream doyou | o Lessthan1[1 point]
consume per day? (One portion = 12 g = one dessert o1
spoon for butter and margarine, 2 tablespoons for cream) | © More than 1
How much sugary drinks (industrial juices)/carbonated o Lessthan 1[1 point]
drinks/sodas do you consume per day? (One serving o1
equals 330 mL) o More than 1
How many glasses/cups of wine do you consume per o More than 14 glasses (more
week?10 than 2 glasses per day) [1
point]
o 7to14glasses (1 or 2 glasses
per day) [1 point]
o 2to 6 glasses (sometimes but
not every day)
o One glass or less
(occasionally)

& Turki, S., Bouzekri, K., Trabelsi, T., & El Ati, J. (2022). Assessment of Mediterranean Diet Adherence and Lifestyle
Change during COVID-19 National Lockdown in Tunisian Adult Population. Nutrients, 14(19), 4151.

° Only in Italy, Greece and Slovenia.

19 Not included in Tunisia and Morocco.
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o None

9. | How many portions of legumes (lentils, beans, chickpeas, | o 3 ormore [1 point]
peas...) do you consume per week? (One portion=150g= | © 1to2
one dish or glass) o lessthan1

10. | How many portions of fish and seafood do you eat per o 3 ormore [1 point]
week? (One portion = 100 to 150 g = a quarter to halfofa | © 1to2
meal dish) o Lessthan1

11. | How many times a week do you consume industrial (not o Lessthan 1[1 point]
homemade) desserts/confectionery/pastries? (Including o 1to2[1point]
cakes, biscuits, ice cream, etc.) o 3ormore

12. | How many servings of nuts (unsalted) do you consume o 3ormore [1 point]
per week? (Including unsalted peanuts, almonds, o 1to2
hazelnuts, walnuts, etc. One serving = 30 g = one handful) | © Lessthanl

13. | Do you prefer to consume chicken, turkey, or rabbit meat, | o Yes[1 point]
or a vegetarian protein source, rather than red meat or o No
derived products?

14. | How many times a week do you eat dishes cooked with o Twice or more [1 point]
tomatoes or tomato sauce, onion and/or garlic and olive o Onceor less
0il?
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[Questionnaire to evaluate drivers and barriers to the Mediterranean Diet]*!

This figure'? represents the Mediterranean Diet, a dietary pattern linked to the traditional food
styles of countries bordering the Mediterranean Sea. Preference for local, seasonal, fresh and
minimally processed food is emphasised, supporting biodiversity and eco-friendly and traditional
foods. This dietary pattern is based on the consumption of:

- numerous plant foods (fruit, vegetables, bread, other cereals, potatoes, legumes);
- olive oil as the main source of fat;

- milk products and dairy products (mainly cheese and yogurt);

- fish and poultry in moderate quantities;

- up to four eggs per week;

- an extremely reduced quantity of red meat;

. an occasional consumption of sweets

- a moderate quantity of wine mainly during meals.

weess s 3p

Wed meat < 20
Proceved mest s '

b | Whee mest 2

et (ooked Ram)

W e ouscous e creatPoraton | 1p
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Wt
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1 Scannell et al, 2020 (doi:10.3390/ijerph17249321)
12 Serra-Majem et al, 2020, doi: 10.3390/ijerph17238758.
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Please indicate to what extend according to you the following statements are true or fault, on a

7 point

scale (1 = Strongly disagree — 7 = Strongly agree)

DRIVERS

[HEALTH]

1

Mediterranean Diet has a positive effect on cholesterol.

2

Mediterranean Diet lowers LDL (bad) cholesterol levels.

3:

Mediterranean Diet reduces the risk of cardiovascular
disease, diabetes, mental illness, depression, cancer, and
obesity.

[DIET QUALITY]

4.

Mediterranean Diet includes healthier and more nutritious
foods.

Mediterranean Diet is defined by a higher fruit and
vegetable consumption and lower red meat consumption.

Mediterranean Diet includes more beneficial oils for
health.

[APPLI

CABILITY]

7.

Mediterranean Diet is tastier and more sustainable than
other types of diets.

[LIFESTYLE]

8.

Mediterranean Diet increases consumption of homemade
foods.

Mediterranean Diet includes more unprocessed and
additive-free foods.

10.

Mediterranean Diet is associated with higher socialization
and family relationships.

[AFFORDABILITY]

1.,

Food access is easier in Mediterranean Diet.

12

Mediterranean Diet contains lower-priced foods.

[ENVIRONMENT]

13:

Mediterranean Diet has a positive effect on the
environment.

14.

Mediterranean Diet reduces human impact on the
environment.

15:

Mediterranean Diet is associated with better carbon
footprint.

16. F

To demonstrate that you are not a robot, for this
statement, please select “Strongly agree”

17;

Mediterranean Diet contains more local foods.

BARRIERS

[HEALTH]
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18. Mediterranean Diet contains more allergenic foods.

19. Mediterranean Diet is not applicable for vegans.

20. Food variety in Mediterranean Diet is insufficient.

21. Preparing meals suitable for Mediterranean Diet is difficult
and time-consuming.

22. Mediterranean Diet is restrictive.

23. Mediterranean Diet contains unpleasant-tasting foods.

24. It is difficult to diversify food recipes in Mediterranean
Diet.

[LIFESTYLE]

24. Following Mediterranean Diet is difficult due to conflict
with cultural habits/beliefs/norms.

[AFFORDABILITY]

25. Mediterranean Diet contains high-priced foods.

26. There are limited options in shops for foods in
Mediterranean Diet.

27. There are limited options in restaurants for foods in
Mediterranean Diet.

[Attitude towards the MD]*3

Following the Mediterranean Diet for me would be:

Please indicate your opinion using the following 7-point scale.

ool

Disgusting - '] (10171 - Tasty

Unpleasant - [1 11 [I[[!-Pleasant
******* - Advantageous
Useless — [ [ [0 11 - Useful

[Clinical questions]

1. Please indicate if you have any medically diagnosed chronic disease.

o Yes
o No

2. Please indicate if you have any food intolerances or allergies

o Yes
o No

3 See Carfora et al, 2022, doi:10.1017/51368980022000878.
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3. To your knowledge, do you have vitamins and/or minerals deficiencies (e.g., iron, vitamin

B12, vitamin D etc.)

o Yes
o No

4. Do you take any food supplements? (e.g., iron, vitamin B12, vitamin D, omega 3, etc.)

o Yes
o No

5. Please indicate your smoking habits'*

o Never

o |quit

o Sometimes
o Usually

10. Please indicate your weight (in kg) (a drop-down menu will be shown)

11. Please indicate your height (in cm) (a drop-down menu will be shown)

[Food insecurity Experience Scale - FIES]

During the last 12 months, was there a time when:

Yes

No

1 Don’t
know

| refuse to
answer

[WORRIED]

You were worried you would not have enough food to eat
because of a lack of money or other resources.

[HEALTHY]

Still thinking about the last 12 months, was there a time when
you were unable to eat healthy and nutritious food because of
a lack of money or other resources

[FEW FOODS]

You ate only a few kinds of foods because of a lack of money
or other resources

[SKIPPED]

You had to skip a meal because there was not enough money
or other resources to get food

[ATE LESS]

Still thinking about the last 12 MONTHS, was there a time
when you ate less than you thought you should because of a
lack of money or other resources

[RUN OUT]

14 Menghi et al, 2022 (doi: 10.1016/j.foodqual.2022.104647).
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6 | Your household ran out of food because of a lack of money or
other resources

[HUNGRY]

7 | You were hungry but did not eat because there was not
enough money or other resources for food

[WHOLE DAY]

8 | During the last 12 MONTHS, was there a time when you went
without eating for a whole day because of a lack of money or
other resources?

[Socio-demographic questions]

1. Please indicate your sex:

Female

Male go to question n. 3a/b/c/d/e

Other go to question n. 3a/b/c/d/e
Prefer not to answer go to question n. 3a/b/c/d/e

O 0O 0 O

2. Please indicate if you are:

o Pregnant
Breastfeeding
In perimenopause (<12 consecutive months from the last menstruation)
In menopause (2 12 consecutive months from the last menstruation)
None of the above

O 0 0O O

3a. Please indicate your geographical area of residence (Italy)

North-West (Piemonte, Valle d’Aosta, Liguria e Lombardia)

North-East (Emilia-Romagna, Veneto, Trentino-Alto Adige, Friuli Venezia Giulia)
Centre (Toscana, Marche, Umbria, and Lazio)

South (Abruzzo, Molise, Campania, Puglia, Calabria, and Basilicata)

Islands (Sicilia and Sardegna)

O 0O 0O O ©

3b.Please indicate your geographical area of residence (Greece}

Attica / Attiki

Central Greece / Steped EANGSa

Central Macedonia / Kevtpikr) MakeSovia
Crete / Kpntn

Eastern Macedonia and Thrace / AvatoAwr MakeSovia kat ©pdkn
Epirus /'Hrelpog

lonian Islands / 16via vhowd

North Aegean / Bopetlo Awyaio
Peloponnese / NeAondvvnoog

South Aegean / Nétwo Awyaio

Thessaly / @sooalia

O OO0 O OO0 OO0 O0 0
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o Western Greece / Autikiy EAAGSa

o
o

Western Macedonia / Autiky MakeSovia
Monastic community of Mount Athos / Aytov Opog

3c.Please indicate your geographical area of residence (Slovenia)

o]

o

Eastern Slovenia (Vzhodna Slovenija — including the Mura, Drava, Carinthia, Savinja,
Central Sava, Lower Sava, Southeast Slovenia, and Littoral-Inner Carniola regions).
Western Slovenia (Zahodna Slovenija — including the Central Slovenia, Upper Carniola,
Gorizia, and Coastal-Karst regions)

3d.Please indicate your geographical area of residence (Morocco)

O 0O O 0 0O

o

Northwest (Rabat-Salé-Zemmour-Zaer, Gharb-Chrarda-Béni Hssen, Tangier-Tetouan)
Eastern (Oriental)

Centre-North (Fés-Boulemane, Taza-Al Hoceima-Taounate)

Centre (Grand Casablanca, Chaouia-Ouardigha, Tadla-Azilal)

Centre-South (Meknés-Tafilalet)

South (Souss-Massa-Draa, Guelmim-Es Semara, Ladyoune-Boujdour-Sakia El Hamra,
Oued Ed-Dahab-Lagouira)

Tensfit (Marrakesh-Tensift-El Haouz, Doukkala-Abda)

3el.Please indicate in which geographical area you live (Tunisian Governorates)

O 0O O 0 0O

North East (Bizerte, Tunis, Aryanah, Menouba, Ben Arous, Zaghouan and Nabeul)
North West (Béja, Kef, Siliana and Jendouba)

Center East (Monastir, Mahdia, Sfax and Sousse)

Center West (Sidi Bouzid, Kairouan and Kasserine)

South East (Gabes, Medenine and Tataouine)

South West (Gafsa, Kebili and Tozeur)

4. Please choose from the following the type of area you live in:'®

o]

O O O O

Large urbanization area (more than 1.5 million inhabitants)

Metropolitan area (between 500,000 and 1.5 million inhabitants)

Medium-sized urban area (between 200,000 and 500,000 inhabitants)

Small urban area (between 50,000 and 200,000 inhabitants)

Nearby rural area (<50,000 inhabitants but less than 60 minutes by car from a center of
at least 50,000 inhabitants)

Remote rural area (<50,000 inhabitants but more than 60 minutes by car from a center
of at least 50,000 inhabitants)

15 Definition retrieved from FAO, 2018 (https://www.fao.org/3/ca6392en/ca6392en.pdf) and from Childs et al, 2022
(doi: 10.34172/hpp.2022.02).
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5. Please indicate your educational attainment'®
o Not attending school
Primary school license
Lower secondary school diploma (middle school diploma)
Secondary school diploma (secondary school diploma)
Diploma of technical or professional institution
Bachelor's degree, 1st level academic diploma/school for linguistic mediators
One-cycle degree, Master's Degree
Post-graduate degree (e.g., PhD, Medical Specialisation Schools etc.)
Other:

O 0O 0O 0O O 0o 0o O

6. Please indicate your occupation®’

Unemployed

Student

Full-time worker (mostly sedentary work)

Full-time worker (mostly dynamic, non-sedentary job)
Part-time worker (mostly sedentary job)

Part-time worker (mostly dynamic, non-sedentary job)
Retired

O 0O O 0 0 0O O

7. Please indicate your level of income?*® (average monthly income of your family)

A lot of difficulties getting to the end of the month
Some difficulty getting to the end of the month
No difficulty in reaching the end of the month
Manage to save money every month

| refuse to answer

O O 0O 0O O

8. How many people (including you) are part of your household?

o 1(only me)
o 2

o 3

o 4

o 5

o >5

16 Greece: https://gpseducation.oecd.org/Content/MapOfEducationSystem/GRC/GRC 2011 EN.pdf

Italy: https://it.wikipedia.org/wiki/Classificazione_internazionale standard dell%27istruzione

Morocco: https://education-profiles.org/northern-africa-and-western-asia/morocco/~morocco

Slovenia: https://www.eurydice.si/publikacije/The-Education-System-in-the-Republic-of-Slovenia-2018-19.pdf
Tunisia: https://education-profiles.org/northern-africa-and-western-asia/tunisia/~tunisia

17 We identify two categories of workers to differentiate the office workers from those with a manual/factory type
of job.

18 From Sgroi et al, 2022, doi: 10.1016/j.jafr.2022.100371
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9. How many people under the age of 18 are in your household?

None

u b wN =

o
o
o
o
o
o
o >5

[Physical activities in your free time]*®

The following questions concern how physically active you are in your free time and during
transport (including your commute to and from work)

[MVPA question]

1. On a typical week, how much time do you spend in total on moderate and vigorous physical
activities where your heartbeat increases and you breathe faster (e.g. brisk walking, cycling as
a means of transport or as exercise, heavy gardening, running, or recreational sports).

Only include activities that lasted at least 10 minutes at a time.

Less than % an hour (less than 30 minutes) per week (go to 3)

% an hour - 1 % hour (30-90 minutes) per week (go to 2.1)

1% -2 % hours (90-150 minutes) per week (go to 2.2)

2 % -5 hours (150-300 minutes) per week (go to 2.3)

More than 5 hours (more than 300 minutes) per week (go to 2.3)

O 0O 0 0 o0

[VPA question]

2.1. How much of the time that you spend on physical activities in a typical week, which you
indicated above, do you spend in total on vigorous physical activities? This includes activities
that get your heart racing, make you sweat, and leave you so short of breath that speaking
becomes difficult (e.g., swimming, running, cycling at high speeds, cardio training,
weightlifting, or team sports such as football).

Only include activities that lasted at least 10 minutes at a time.

o Less than % an hour (less than 30 minutes) per week
o Y an hour -1 hour (30-60 minutes) per week
o 1-1% hour (60-90 minutes) per week

2.2. How much of the time that you spend on physical activities in a typical week, which you
indicated above, do you spend in total on vigorous physical activities? This includes activities

Bhttps://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-5538-y#Sec22




146 Chapter 3. Publications

that get your heart racing, make you sweat, and leave you so short of breath that speaking
becomes difficult (e.g.,, swimming, running, cycling at high speeds, cardio training,
weightlifting, or team sports such as football).

Only include activities that lasted at least 10 minutes at a time.

Less than % an hour (less than 30 minutes) per week
% an hour - 1 hour (30-60 minutes) per week

1-1% hour (60-90 minutes) per week

1% -2 % hours (90-150 minutes) per week

O 0O 0O O

2.3. How much of the time that you spend on physical activities in a typical week, which you
indicated above, do you spend in total on vigorous physical activities? This includes activities
that get your heart racing, make you sweat, and leave you so short of breath that speaking
becomes difficult (e.g., swimming, running, cycling at high speeds, cardio training,
weightlifting, or team sports such as football).

Only include activities that lasted at least 10 minutes at a time.

Less than % an hour (less than 30 minutes) per week

% an hour - 1 hour (30-60 minutes) per week

1-1 % hour (60-90 minutes) per week

1% -2 % hours (90-150 minutes) per week

More than 2 % hours (more than 150 minutes) per week

O 0 0O O O

[Survey end]
The survey has ended, thank you for participating in the research, your input is valuable.
[Only for the pre-test]

If you have any suggestions or comments to improve the survey, please write them in the box below.
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3.5 Scientific Paper: “Using podcasts to bridge the gap
between science communication and specialized scientific
fields: a case study of mass spectrometry”

The paper titled “Using Podcasts to Bridge the Gap Between Science Communication and
Specialised Scientific Fields: A Case Study of Mass Spectrometry” by Nayyer Rehman,
Victoria Edkins, and Nives Ogrinc is presented in this chapter. I was responsible for
conceptualising the podcast series, designing the questionnaire, conducting interviews,
collecting data, performing analyses, and preparing the manuscript for publication.

This article was published in Frontiers in Communication and investigates the
effectiveness of podcasts as a medium to communicate complex scientific topics, focusing
on the field of mass spectrometry. Podcasts were chosen for their popularity and ability to
make scientific knowledge accessible. This study assessed public engagement with science-
based podcasts, explored factors that influence listener perceptions, and identified
strategies to make scientific content relatable for non-specialists. Appendix A.1 provides
example of an infographic on how science can be communicated effectively using podcasts.

A mixed-methods approach was used to create four podcast episodes to discuss mass
spectrometry in food safety, environmental analysis, diagnostics, and pharmaceuticals. The
episodes featured interviews with experts selected for their diverse backgrounds in career
stage, gender, and nationality. My role included guiding each expert interview with semi-
structured questions to encourage the sharing of personal insights and motivations
alongside scientific information, helping to humanise the science for listeners.

The podcast episodes were between 10 to 30 minutes to appeal to different listening
habits. After the podcast production, I developed and distributed a detailed online
questionnaire to gather feedback on listener engagement, comprehension, and preferences.
The survey reached 80 European participants via social media channels, capturing data on
listening frequency, familiarity with scientific topics, and content preferences.

Key findings indicated that listeners responded positively to episodes with personal
narratives and real-world applications, which helped make mass spectrometry more
relatable. Participants also highlighted the importance of a conversational tone and shorter
episode lengths for easy integration into daily routines. Statistical analysis, including Chi-
square tests and paired t-tests, revealed significant associations between listener
demographics and engagement levels.

The results also indicated improvements in self-reported understanding, as listeners’
comprehension of mass spectrometry increased after engaging with the podcast. This effect
was particularly noted among participants with prior scientific exposure, suggesting that
familiarity with science enhances receptivity to specialised content.

This research was shared as an oral and poster presentation at the 14th Jozef Stefan
International Postgraduate School Students’ Conference in 2022, held in Kamnik, Slovenia,
and as a poster at the 24th International Mass Spectrometry Conference in Maastricht,
Netherlands. The Mass Spec Pod podcast series is available on the FoodTraNet website.

This series led to a collaboration with the FoodTraNet Industrial Liaison Group,
resulting in Pills as Podcasts, also on the website. This series has been featured in outreach
and dissemination activities of our project. It includes four senior researchers from Barilla
(Italy), Food Forensics (UK), Organic Services GmbH (Germany), and Institut za
okoljevarstvo in senzorje (Slovenia). The series discussed their research in respective
industries, their career progression, and advice for young researchers on how to follow
similar paths.
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Using podcasts to bridge the gap
between science communication
and specialized scientific fields: a
case study of mass spectrometry

Nayyer Rehman??, Victoria Edkins* and Nives Ogrinc?**

WRG Europe Ltd, Exeter, United Kingdom, 2Jozef Stefan International Postgraduate School, Ljubljana,
Slovenia, *Department of Environmental Sciences, Jozef Stefan Institute, Ljubljana, Slovenia

This study aimed to evaluate the use of podcasts in disseminating specialized
scientific fields, such as mass spectrometry. Four podcasts featuring interviews
with researchers working with mass spectrometry were produced. A mixed
methods approach, comprising questionnaires and interviews, was used to
gather listener feedback. Findings indicate that audience engagement is affected
by factors like familiarity with science and relatability in content; therefore,
to attract a wider audience, content must be presented to balance technical
aspects with real-life examples to which listeners can relate. These findings will
benefit researchers and stakeholders seeking to disseminate complex scientific
topics using podcasts.

KEYWORDS

science podcasts, podcasting, mass spectrometry, public engagement, science
communication

1 Introduction

The digital age has revolutionized how scientific information is shared with the public
(Osterrieder, 2013; Collins et al., 2016; Jensen and Gerber, 2020). Among the emerging
mediums in this digital landscape, the podcast has become a cultural phenomenon (Sullivan,
2019). Since their introduction in 2004 (Berry, 2016; MacKenzie, 2019), podcasts have become
popular among scientists and researchers to communicate their research work to the public
(Birch and Weitkamp, 2010; Davies and Hara, 2017; Llinares et al., 2018, p. 3; Kwok, 2019;
MacKenzie, 2019; Quintana and Heathers, 2021).

Despite similarities to traditional broadcasting (Bottomley, 2015; Berry, 2016; Llinares
et al,, 2018, p. 2), podcasts offer increased flexibility since creators and listeners are not
restricted by specific times (Llinares et al,, 2018, p. 2). Software and tools that are freely
available and easy to use can assist in the production of podcasts without requiring formal
training (Boulos et al., 2006). Furthermore, there is no restriction on the number of speakers
or the location (Boulos et al., 2006; Quintana and Heathers, 2021). The convenience and
accessibility of podcasts through mobile apps and platforms like Apple Music, Spotify, and
Google have made it easier for listeners to access them at any time (McGarr, 2009; Sullivan,
2019; Wade Morris, 2021). Apart from cognitive development through gaining information
and being curious, podcast listeners have also expressed an openness to new experiences,
social acceptance, and efficient use of their time as reasons for listening to podcasts (McClung
and Johnson, 2010; Chan-Olmsted and Wang, 2020; Tobin and Guadagno, 2022).
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Podcasts can cover various topics, with formats and languages
tailored to specific audiences (Berry, 2016). The versatility of this
approach is especially valuable when it comes to communicating
scientific information (Chan-Olmsted and Wang, 2020). Currently,
there are hundreds of science podcast series available, and this number
continues to grow each year (MacKenzie, 2019; Quintana and
Heathers, 2021). Between 2004 and 2010, 952 English-language
science podcasts were published worldwide, including 532 from the
US and 162 from the UK (MacKenzie, 2019).

While there is no set formula for gauging the success of a science
podcast yet (MacKenzie, 2019), several metrics can help indicate its
performance. A key metric is the podcast’s overall ranking and
number of followers, which indicates listener engagement (Garcia-
Marin, 2020). The BBC World Service, for example, hosts two weekly
science podcasts with a social media following of 60 million Facebook
fans, 40 million Twitter followers, and 160,000 Instagram fans (BBC,
2023a,b), demonstrating their continued success. The question is—
what factors have contributed to their engagement and retention?

Reviewing the literature on this topic makes it clear that humor
and storytelling narratives have benefited science communication
(Picardi and Regina, 2008; Riesch, 2014; Drew, 2017; Barrios-O’Neill,
2018). Swiatek (2018) explains the importance of building a narrative
akin to having a casual phone conversation. However, the question
remains: could these factors also increase engagement for podcasts
centered around specialized scientific content?

It is known that familiarity with science is a significant driver of
public engagement with scientific research (Kouper, 2010; Weingart
et al,, 2021). For example, those with a strong interest in scientific
content are more likely to make logical decisions and choices in their
daily tasks based on scientific reasoning (Chantler et al., 2007; Shaw
and McNamara, 2021). However, there is limited research on whether
familiarity with sciences or having a scientific background influences
people’s choice of podcasts.

While the popularity of podcasts has been linked to the trendiness
of topics (Garcia-Marin, 2020) or the popularity of featured guests
(Handley and Chapman, 2012, p. 246), communicating scientific
subjects that can be categorized as specialized scientific subjects is

equally important. However, these subjects present a unique challenge;
engaging audiences with topics that may not be trendy or receive
mainstream media coverage in such a way that makes them
understandable to a diverse audience rather than to a specialized
group (Weingart et al., 2021).

For this purpose, mass spectrometry, an analytical technique used
to determine molecular compositions of various substances, was
chosen to assess listener perception of specialized scientific content-
based podcasts. Many scientific fields that play a role in the lives of the
public make use of mass spectrometry, such as environmental analysis
(Ogrinc et al., 2005), novel food safety (Schonleben et al., 2024), food
and water quality assessment (Kaufmann, 2011; Kovadic et al., 2023),
pharmaceutical research (Swales et al., 2019), and in critical areas such
as personalized medicine (Heeren, 2015) and cancer research (Ogrinc
etal., 2021). However, despite its recognition as a powerful analytical
tool, the public remains unaware of its capabilities (Daughton, 2001).

This study has three objectives. First, it aims to assess public
engagement with podcasts focused on specialized scientific fields,
using mass spectrometry as a case study. Second, the study examines
factors influencing how podcast listeners engage with scientific
content, focusing on their prior familiarity with sciences. Third, it
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seeks to identify potential strategies to attract more listeners. The
results of this study will enhance the effectiveness of creating science-
based podcasts and bridge the gap between the public and their
understanding of specialized scientific subjects.

2 Manuscript formatting
2.1 Methodology

The methodology discusses how the study podcasts were created
and details the mixed methods approach used to gather feedback.
Data was collected through questionnaires and interviews, followed
by subsequent data analysis.

2.1.1 Podcast creation

The creation of the podcast series began with the development of
four unique episodes to highlight the wide-ranging impact of mass
spectrometry on various scientific fields. The episodes were designed
to appeal to different listener preferences, with one being 10 min long,
two being 15 min, and one lasting 30 min. This way, we could cover
episodes comprising a quick update to more in-depth discussions.
Each episode focused on a specific application of mass spectrometry
in food and environmental analysis, proteomics and diagnostics,
pharmaceuticals and forensics, and cancer research.

Experts were carefully chosen to ensure a balanced representation
of gender, career stage, and geographical diversity. Each expert was
invited to participate and provided a detailed briefing on the podcast’s
topic and objectives. The final selection of experts included two early-
career researchers (one male, one female) and two experienced
researchers (one male, one female) representing the Netherlands,
Slovenia, France, and Belgium. All guests were required to sign a
consent form for recording and publication, with provisions allowing
them to review and approve the final edited version of their episodes
to ensure accuracy and comfort with the shared content. A semi-
structured interview guide (Table 1) was also provided to facilitate
discussions. This format allowed guests to elaborate on their work
experiences and discuss their motivations, challenges, and insights as
researchers. Beyond addressing specific queries concerning their
research fields, the interviews were designed to encourage researchers
to articulate their views on the importance of mass spectrometry in
society, enhancing the educational value of each episode.

Interviews were scheduled and conducted via Zoom to facilitate
the involvement of international experts without geographical
constraints. Post-recording, the audio was edited using Audacity, a
popular open-source software for podcast production. Background
noise and speech errors were removed to enhance clarity, and
background music was added along with speed adjustments to create
a more engaging listening experience.

2.1.2 Data collection

For this study, a closed-ended questionnaire was developed to
gather insights into listeners’ preferences and their perceptions of mass
spectrometry as presented in podcasts (Supplementary material S1).
Initially, we provided a brief overview of the confidentiality and data
protection measures according to Articles 6-8 of the GDPR guidelines
(Intersoft Consulting, 2013), adhering to the Ethics for Researchers
(European Commission, 2013) and the Ethical Guidelines for Social
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TABLE 1 Semi-structured interview guide for mass spectrometry podcast series.

Topic of discussion Prompts for questions

Motivation and challenges Development of interest in research and science
Key motivations for pursuing a scientific career

Challenges faced on the path to becoming a scientist

Role and experiences Brief description of current role at (name of institute)
Obstacles faced in the role

Balancing hands-on experiments/ research with any management responsibilities

Understanding mass spectrometry and its applications Explanation of mass spectrometry and how it is used
Contribution of mass spectrometry in their expertise

Contribution of mass spectrometry in other fields of interest to them.

Public accessibility to research Public resources for finding detailed information about ongoing research

and the technology Requests from commercial companies and other research institutes
Requests for sample testing from individuals

ing projects/colla g

Current projects

Future of mass spectrometry Importance and relevance of mass spectrometry to the scientific community

Potential alternatives to mass spectrometry in the future
Perspectives Balancing work commitments with other aspects of life

Advice for aspiring scientists in scientific fields

Research (Social Research Association, 2021). This presentation
ensured that participants made decisions based on informed consent
to participate in this study. The questionnaire explored general podcast
listening habits, including the frequency of listening and preferred
podcast length, to assess respondent engagement. Respondents then
listened to four episodes from the mass spectrometry podcast series to
become familiar with the content. We also included questions to assess
how well the guests explained the complex topic of mass spectrometry
and the overall conversation style. To understand how different
scientific narratives and personal stories from the researchers
influenced listener engagement, we included questions about the
diversity of experiences among the researchers featured in the podcasts.
The questionnaire, designed on Typeform, was pilot tested within
the research group to refine its clarity and relevance, while mass
spectrometry experts ensured content validity and the topic was
covered comprehensively. Reliability was assessed using Cronbach’s
alpha, showing high internal consistency with a value of 0.72. To verify
response authenticity, incomplete or duplicate entries were eliminated,
and one response was removed. The questionnaire was distributed via
LinkedIn and Twitter from August to October 2022, collecting 80
responses from participants in the European region. The inclusion
criteria allowed participation from both regular and non-regular
podcast listeners, including those without a scientific background.
Table 2 outlines the demographic details of the questionnaire
respondents (N=80), covering age groups, educational levels, and
countries of residence. The largest age group was 26-35 at 42%,
followed by 16-25 at 21%. Most respondents were highly educated:
34% held a Master’s degree, 28% had a Doctorate, and 31% had a
Bachelor’s degree or college education. The geographical distribution
shows that 30% of respondents were from the United Kingdom,
making it the most represented country, followed by Germany (16%),
Belgium (11%), and Poland and the Netherlands (10% each). Minor
contributions from Slovenia, Italy, France, and Denmark each account
for 5% of the sample, while responses from Romania and Norway are
grouped under “Others” at 2% due to their lower representation.
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TABLE 2 Demographic characteristics of questionnaire respondents (%;
N=80).

Demographics %
Age group (in years) 16-25 21
26-35 42
36-45 16
46-55 14
56+ 7
Educational attainment Doctoral degree 28
Master’s degree 34
Bachelor’s / College degree 31
Vocational training / High o
school
Country of residence United Kingdom 30
Germany 16
Belgium 11
Poland 10
Netherlands 10
Slovenia 5
Ttaly ‘ 5
France 5
Denmark 5
Others 2

Following the questionnaire, personal interviews were conducted
using a semi-structured format to assess the listeners’ more profound
opinions on the podcasts. Participants for these interviews were
selected based on a screening criterion that required them to have
listened to a podcast series on a commercial platform such as Apple,
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Spotify, or SoundCloud within the past 6 months to ensure they had
recent experience listening to podcasts.

Each  interview  incorporated  predefined  prompts
(Supplementary material S2) to guide the discussion. Participants
elaborated on specific aspects of the scientific content they found
noteworthy while providing feedback on non-scientific variables.
We recruited six participants (N=6) from those who completed the
questionnaire, using snowball sampling to ensure demographic
diversity. The group included three females and three males, evenly
split between the 16-35 and 36-55 age groups. Educational
backgrounds were also varied, with two participants each from natural
sciences, business and accounting, and social sciences and humanities.
Geographically, the participants included one from Slovenia and the
Netherlands and two from Germany and the UK.

The interviews were conducted remotely from December 2022 to
January 2023. Before each session, participants were given an overview
of the study’s objectives, confidentiality protocols, and data processing
and storage guidelines. This step was implemented to secure informed
consent and ensure participants fully understood the use of the data
collected from the interviews. Each interview lasted 30-45min,
during which participants were encouraged to share their experiences
and perceptions freely. To ensure confidentiality and data integrity, all
interview transcripts were anonymized.

2.1.3 Data analysis

The data from the questionnaire was analyzed using R software
(Version 4.2.2). Descriptive statistics, including mean, median,
frequency, and percentages, were used to understand the non-scientific
and scientific aspects of the podcasts. We also conducted paired
sample t-tests to evaluate changes in knowledge about mass
spectrometry before and after listening to the podcasts. The normality
of data was confirmed using the Shapiro-Wilk test to determine the
validity of the t-test results. Cohen's d was calculated to measure the
effect size of the changes in knowledge. Chi-square tests were used to
explore the relationship between these knowledge changes and
sociodemographic variables like educational attainment and age.
We verified that the chi-square tests met the necessary assumptions
and only p-values below 0.05 were considered statistically significant.

For the interview data, thematic analysis was conducted using
MaxQDA software for systematic coding and data organization. First,
we identified initial “thematic categories” or “codes” based on the raw
data. These codes were refined by identifying recurrent patterns across
participants and integrating examples from the raw data to develop
thematic categories. For accuracy, we did thorough checks by
reviewing the transcriptions against the original audio files, with each
transcript reviewed twice. For intra-coder reliability, the same
researchers recoded the data three different times and compared the
results for consistency (Attride-Stirling, 2001; Braun and Clarke, 2006;
Maguire and Delahunt, 2017).

Graphical representations were created using Power BI to interpret
the data and identify patterns. All findings were categorized into
scientific and non-scientific elements, followed by recommendations
for improving the communication of complex scientific information
through podcasts. Finally, to maintain response integrity, ellipses (...)
were used to indicate the exclusion of larger text sections or interviewer
prompts in quotations. All participants were represented using
combinations of letters or alphanumeric identifiers to
ensure anonymity.
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2.2 Results and discussion

2.2.1 Engagement with non-scientific elements

Apart from the frequency of podcast consumption and preferred
duration for podcasts, respondents were questioned about the
conversation style and evaluated for their receptivity to personal
statements made by the guests, such as the challenges they encountered
in their journey as scientists. These components were then examined
in the interview sessions with the participants.

2.2.1.1 Frequency of listening to podcasts and preferred
duration

When respondents were asked to rate their frequency of listening
to podcasts over the past 6 months, the results revealed a diverse range
of habits: 28% listened “Seldom/Rarely”, 25% “Sometimes”, and 23%
“Often”. The remaining 24% were evenly split between those who
listened “Very Often” and those who chose “Never”. When considering
preferred podcast durations, a clear trend emerged favoring shorter
episodes. Most respondents (81%) preferred podcasts under 30 min,
with the majority (56%) preferring podcasts between 15 and 30 min
and a quarter favoring episodes less than 15 min. Within the smaller
segment (19%) who preferred longer podcasts, most preferred
episodes between 30 and 45 min (11%), and 8% opted for hour-long
podcasts. Table 3 shows a distribution of these factors across different
age groups and educational attainment levels.

Analyzing the data across different age groups highlighted notable
contrasts. The oldest age group (56+) showed a distinct pattern: 40%
never listened to podcasts, while 60% listened often. In the youngest
age group (16-25), 35% listened “Seldom/Rarely”, and 29% each chose
“Sometimes” and “Often”. The 26-35 age group also showed varied
preferences, with 38% listening “Seldom/Rarely”, 26% “Sometimes’,
and 15% choosing both “Often” and “Very Often”. The 36-45 age
group’s responses were more balanced, with 31% each listening
“Never” and “Sometimes’, but none listening “Very Often”. In contrast,
37% of those aged 46-55 listened “Very Often’, the highest percentage
in any group.

Preferences for podcast durations also varied by age. Respondents
aged 56 and older preferred podcasts lasting 16-30 min (60%). In the
46-55 age group, 37% preferred episodes of 15min or less, and 27%
chose podcasts lasting 46-60min. The 36-45 age group strongly
favored 16-30 min episodes (77%). Among those aged 26-35, 65%
preferred 16-30 min podcasts, with 12% opting for 46-60 min. For the
16-25 age group, 47% favored 16-30 min, with none preferring the
46-60 min duration.

Educational attainment also influenced listening habits.
Respondents with a Doctoral degree had the highest frequency of
listening “Often” (36%) and “Very Often” (27%). Those with a Master’s
degree tended to listen “Seldom/Rarely” (44%), with only 11%
listening “Often”. Respondents with a Bachelor’s or College degree
preferred listening “Sometimes” (33%) and “Often” (25%). Responses
were more evenly distributed for those with vocational training or
high school education, with 29% listening “Never” and “Seldom/
Rarely”.

Preferred podcast durations varied considerably across
educational levels. Those with Doctoral degrees preferred a range of
durations, with 32% each favoring episodes of 15min or less and
16-30min and 23% opting for 31-45min. Master’s degree holders
mainly preferred 16-30 min (70%). Respondents with a Bachelor’s or
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TABLE 3 Frequency of listening to podcasts and preferred duration across different age groups and educational attainment levels (%; N = 80).

Preferred duration (%)

Frequency of listening (%)

Category / Never | Seldom/  Sometimes Often Very 15min 16— 31— 46—
group rarely often or less 30 min 45 min 60 min
Age (years old)
16-25 0% 35% 29% 29% 7% 35% 47% 18% 0%
26-35 6% 38% 26% 15% 15% 20% 65% 3% 12%
36-45 31% 7% 31% 31% 0% 8% 77% 15% 0%
46-55 18% 18% 18% 9% 37% 37% 18% 27% 18%
56+ 40% 0% 0% 60% 0% 40% 60% 0% 0%

Educational attainment levels

Bachelor’s /
17% 21% 33% 25% 4% 21% 62% 17% 0%

College degree

Doctoral
degree

Master’s

degree

Vocational

training / High 29% 29% 14% 14%

school

College degree also favored 16-30 min (62%). Those with Vocational
training or High school education leaned towards 16-30 min (57%),
with 29% preferring episodes of 15min or less.

Interviews revealed that most participants preferred podcasts
under 30 min, citing decreased attention spans and numerous
distractions. Many mentioned that shorter episodes (less than
30 min) were “reasonable” and “manageable” within their daily
routines (N'=4). Participants commonly appreciated the ability
to listen while multitasking, such as during meals or while
checking emails (N=12). This finding aligns with Perks and
Turner (2018), who stated that frequent podcast listeners often
integrate podcasts into their multitasking habits. However, one
participant preferred longer episodes, enjoying the “in-depth
" and “detailed analyses” that hour-long podcasts
provide. The data suggests that while shorter podcasts are broadly
preferred, a market for longer content still appeals to those who
favor extended listening sessions.

The study’s findings also align with prior research conducted by
Sutton-Brady et al. (2009), who found the short-form podcast model
to be a successful learning tool for postgraduate and undergraduate
students. This preference for shorter podcasts may be attributed to
various factors, such as technological advancements, fast-paced
modern lifestyles, and the motivation and interest of listeners (Lodge
and Harrison, 2019).

discussions’

2.2.1.2 Podcast tone and conversation style

Respondents rated the conversation style, i.e., language, structure,
formality, and patterns in discussion podcasts on mass spectrometry
using a 5-point scale. The results showed that 85% of respondents
found the tone “About right’, 13% “slightly too formal’, and 3%
“slightly too informal”. There were no extreme opinions on the tone
being too formal or informal.
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9% 14% 14% 36%

7% 44% 30% 11%

27% 32% 32% 23% 13%

8% 22% 70% 0% 8%

14% 29% 57% 0% 14%

All respondents aged 16-25 and 36-45 found the tone “About
right”. In the 26-35 age group, 82% approved, but 18% found it slightly
too formal. In the 46-55 group, 73% were satisfied, 18% thought it was
slightly too formal, and 9% slightly too informal. Among those 56%
and over, responses were split: 40% found the tone “About right”, 40%
slightly too formal, and 20% slightly too informal. Most respondents
found the tone “About right” regarding educational attainment levels.
All respondents with vocational training or a high school diploma
agreed with this view. Among bachelor’s or college degree holders,
96% approved of the tone, while 4% found it “Slightly too informal”.
Among those with a master’s degree, 85% were satisfied, but 15%
thought it “slightly too formal”. Doctoral degree holders were less
uniform in their opinions: 68% approved, 27% found it “slightly too
formal”, and 5% slightly too informal.

The chemistry between speakers was highlighted by some
participants (N= 4) as crucial for an engaging podcast. Their
unanimous preference for the second podcast stemmed from its
conversational style and the integration of personal stories and
everyday examples, noting it as a key factor in its success. LL31
emphasized dynamic interaction, stating, “The conversation was lively
and engaging, and I truly believe that chemistry between the speakers is
crucial for a good podcast. The second one had it perfect”

All participants (N=6) found the podcasts more engaging due to
the inclusion of narratives and anecdotes. Some other participants
(N=3) found them entertaining and informative, especially regarding
practical applications of the scientific process discussed. Another
commended the second episode for its intricate and exuberant
presentation, emphasizing its clarity. According to Drew (2017),
incorporating humor and storytelling enhances podcast engagement,
especially those covering scientific topics. This study supports that
finding, demonstrating that a conversational style that includes
personal narratives and humor can make complex topics more
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understandable and accessible to a wider audience (Kaplan
etal., 2020).

2.2.1.3 Perspective on different experiences

Respondents were asked to use a 5-point Likert scale to identify
any disparities in the challenges faced by podcast guests to explore
listeners’ perceptions of these differences. Results indicated that 38%
of respondents remained neutral, while 24% disagreed and 13%
strongly disagreed that there were notable differences. Conversely,
11% agreed, and 15% strongly agreed that disparities existed.
Personal interviews provided further insights, revealing that
variations in experiences seemed more related to career stages—
differentiating between seasoned and early-career researchers—than
any other factor. Participants were particularly intrigued by
discussions about work-life balance, which they felt was a common
issue affecting everyone today.

When asked about the unique aspects of discussing work-life
balance in this context, more than half of the participants (N=4)
noted that they perceived all guests, regardless of their career stage, as
finding it a struggle. They also noted the stress of managing family and
work commitments in research fields that require research and
management. CT25 recalled, “I remember when you asked about
achieving work-life balance; it was interesting to learn how professors
maintain that balance in their lives.”

Other participants (N'=4) highlighted different aspects that made
the podcasts engaging. Some (N=2) praised the use of storytelling by
some of the guests, commenting on how it seemed as if the speakers
were truly fans of their work and were eager to learn more themselves.
Another participant found the podcast intriguing due to its mention
of a diverse team, noting the interest in how the guest worked with
people from different backgrounds who contributed new ideas and
commending this openness to diversity in their workplace.

2.2.2 Engagement with scientific elements
Respondents were asked about several key factors to understand
how listeners perceived the scientific content in the podcasts. These
included the amount of information provided, their knowledge levels
before and after listening, and how well they grasped concepts related
to mass spectrometry and its applications. During the interview,
participants also discussed whether their familiarity with scientific
subjects influenced their interest and comprehension of the podcasts.

2.2.2.1 The amount of information given in the podcasts

Respondents were asked to rate, using a 5-point Likert scale,
whether they felt that “Overall, the guests gave the right amount of
detail to help the audience understand their field of work” The
responses revealed that 35% strongly agreed, 40% agreed, 19% were
neutral, and 6% disagreed.

Most participants (N=5) described the podcast’s content as
“clear”, “to the point’, and “concise”. They noted that the information
on mass spectrometry and its applications was “appropriate” and “easy
to follow”, providing a good understanding of the subject. One
participant felt that the information was sufficient, highlighting the
adequacy of the subject knowledge and its applications. In contrast,
others (N=4) indicated that the content was accessible even to those
without a scientific background. One participant remarked that more
information would have been overwhelming, leading to a loss of
interest, especially for those who do not have a scientific background.
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The feedback suggests that the podcast effectively balanced detail and
clarity, making complex topics understandable to a broad audience.

2.2.2.2 Knowledge of mass spectrometry before and after
listening to the podcasts

The questionnaire utilized an ordinal scale to evaluate participants’
comprehension of mass spectrometry before and after listening to the
educational podcasts. The shifts in knowledge, depicted in Figure | as
a heatmap, show a significant transformation. Most respondents
(53%) initially acknowledged they had no prior knowledge, described
as “T knew nothing” Another 14% indicated they “knew very little”
and 8% had a basic familiarity (“I knew a little”). Only a minority felt
they had a substantial understanding, with 19% indicating “I knew
quite a bit” and 8% opting for “I knew a great deal”. Following the
podcasts, the distribution of reported knowledge improved
significantly: 34% of respondents reported learning “quite a bit”. The
majority (43%) said they learned “a little”, and 24% felt they learned
“very little”. Importantly, there were no responses at the extremes of
learning “nothing” or “a great deal’, emphasizing moderation in
learning outcomes.

Results from the paired sample t-test confirm these self-reported
shifts. The average pre-podcast knowledge score was 2.15, with a
standard deviation of 1.42, illustrating participants’ wide range of
initial understanding. Post-podcast, this average increased to 3.10, and
the standard deviation narrowed to 0.76, indicating a more uniform
understanding across the group. This improvement was statistically
significant, evidenced by a paired sample t-test (t-statistic: —5.48,
p-value: 4.88x107).

A Chi-squared test revealed significant initial associations
between knowledge levels and demographic factors such as
educational attainment (x*=36.27, p<0.00) and age (y*=30.13,
p=0.017). These findings suggest that educational background and
age significantly influenced participants’ initial understanding.
However, no significant associations were detected between these
demographic factors and knowledge gains post-podcast, indicating
that the educational content effectively bridged initial knowledge
disparities. These podcasts enhanced listeners’ understanding of mass
spectrometry regardless of age and educational background,
demonstrating that carefully designed podcasts effectively elevate
scientific literacy on specialized subjects among diverse audiences.

2.2.2.3 Understanding of mass spectrometry and its
applications

Using a 5-point Likert scale, participants were asked to indicate
their level of understanding of both the explanation of mass
spectrometry and its applications. For the explanation of mass
spectrometry, 44% of respondents strongly agreed they understood it,
48% agreed, 2% were neutral, and 16% disagreed. None of the
participants strongly disagreed. Regarding the applications of mass
spectrometry, 23% strongly agreed that they understood, 28% agreed,
33% were neutral, and 18% disagreed, with no one strongly disagreeing.

A heat map (Figure 2) illustrates these findings, showing that 43%
of respondents agreed or strongly agreed that they understood the
explanation and applications of mass spectrometry. Interestingly,
among those who strongly agreed they understood mass spectrometry,
none disagreed about understanding its applications, but 13% of those
who agreed they understood mass spectrometry did not understand
its applications. Approximately 21% of participants were neutral about
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their understanding of both. Among these neutral respondents, 27%
disagreed with the applications, and 8% agreed. Half of those who
disagreed with understanding mass spectrometry also disagreed about
the applications, while the other half were neutral or agreed.

A paired sample t-test compared the responses for understanding
mass spectrometry and its applications, revealing a statistically
significant difference (p=0.017). The mean understanding score for
mass spectrometry was 3.75, compared to 3.55 for its applications.
However, the effect size, measured by Cohen’s d, was 0.20, indicating
a slight difference. Further analysis of confidence intervals adds
context to these findings. The 95% confidence interval for
understanding mass spectrometry ranged from 3.53 to 3.97; its
applications ranged from 3.32 to 3.78. The confidence interval between
these means ranged from —0.12 to 0.52, including zero, which suggests
the actual difference might be negligible and the respondents’
understanding of mass spectrometry and its applications are similar.

2.2.2.4 Role of familiarity in understanding scientific
content

The study revealed that participants particularly valued podcast
content that resonated with them on a personal level. Some
participants (N=4) highlighted how discussions around why guests
opted for science in their careers and how their work shaped their life’s
trajectory were surprisingly relatable, aligning with Murray’s (2019)
findings that podcasts can serve as a means for listeners to hear
experts in a more personal and relatable manner, which is more
effective than merely reading their profiles and academic work.
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Most participants (N =5) appreciated the practical applications of
mass spectrometry, especially in everyday contexts such as food
quality assessment. For instance, the technology’s role in verifying the
freshness of produce resonated with those interested in a healthy
lifestyle, while discussions on personalized medicine were particularly
relevant for participants with personal or family experiences of rare
diseases. However, the feedback was not uniformly positive. Many
participants (N=4) critiqued the first episode for its lack of depth and
practical examples, noting that this diminished its relatability and
engagement. This criticism underscores findings by Stocklmayer and
Bryant (2012) that scientific content is more engaging when presented
in a context relevant to the audience’s daily lives.

The diversity of perspectives, especially the enthusiasm of
researchers featured in the podcasts, was another aspect that all
participants (N=6) found enriching. This aspect enhanced their
understanding of mass spectrometry and maintained their interest in
what might otherwise have been a daunting topic. This approach
reflects Bandura’s (2001) social cognitive theory, which suggests that
motivational dialogue can significantly enhance comprehension and
encourage the practical application of learned concepts. These findings
also suggest that a listener’s pre-existing familiarity with scientific
topics plays a crucial role in their engagement with content. As Wade
and Kidd (2019) conclude, curiosity can drive interest towards
scientific topics, expanding the listener’s knowledge and increasing
engagement with unfamiliar or specialized content areas. Despite the
inherently technical nature of the podcasts, the content appealed to
those with a specific interest in the field. This niche appeal highlights
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Perception of mass spectrometry and its applications amongst respondents.

the importance of aligning scientific content with the audience’s
existing interests and backgrounds to foster engagement.

2.2.3 Suggested improvements for the podcasts

The participants provided several suggestions for improvements
to make the podcasts more appealing to a broader audience. A
common theme in the feedback was the use of technical terms,
particularly “mass spectrometry”. Many participants (N =4) suggested
changing the name to make it more accessible, with MK28 participant
recommending, “If you use more layperson’s terms, more people will
listen to these podcasts.” Another participant proposed renaming it to
“A Day in the Life of a Scientist” to make it more relatable.

Participants (N=3) suggested focusing more on practical
applications of mass spectrometry to make the podcast more engaging.
They emphasized the importance of understanding how mass
spectrometry is used across various fields, with CF31 stating, “As
Tunderstand, it is used for so many other things as well, and I would like
to know more.” Additionally, they recommended creating a series
format that avoids repetitive details and instead introduces guests
while discussing their fields and interesting cases they
have encountered.

Another suggestion was to include elements that would allow
listeners to learn more about the personal lives of the guests and their
interest in the field, aiming to make the podcast series more enjoyable
and relatable. Participants (N=3) expressed a keen interest in
understanding how the guests chose their careers. They proposed that
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including questions such as, “How did you become involved in this
field?” would provide valuable insights. One participant explained that
if the guests had pursued their careers in greater detail, it would offer
a deeper understanding of the various paths available in the field of
research, making the content more relatable and inspiring for
the audience.

To improve the format, some participants (N=2) suggested
altering the podcast format to include group discussions, which they
found more interesting than one-on-one conversations. Additionally,
the absence of video was noted as a drawback. Participants believed
that a video podcast could capture the body language and excitement
of guests, adding an emotional connection that is often missing in
audio-only formats.

Participants (N =2) also suggested discussing stress management
in highly scientific fields, noting that this information would
be valuable to listeners in similar work environments. Participant
MV26 mentioned, “I would love to hear about how to cope with stress
and the feelings of imposter syndrome.” Participants emphasized that
hearing multiple people discuss stress and coping mechanisms can
be reassuring and helpful, particularly in mental health. They noted
that such discussions are not limited to scientific fields and have
broader implications for well-being in other non-scientific fields.

The results show that most listeners are more interested in
personal stories than in the science itself. Engaging storytelling is an
important element of successful science podcasts. Personal stories can
make scientific content more relatable and compelling, keeping
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listeners entertained while they learn (Bray et al, 2012). Keeping this
in mind ensures that the audience remains interested and invested in
the content. Also, the observation that listeners are more interested in
personal stories than science suggests significant value in integrating
human narratives with scientific content. By doing so, science podcasts
can achieve a balanced approach that educates, engages, and inspires
their audience providing a platform for experts to discuss their work
from their perspectives (Besley and Nisbet, 2011; Middleton, 2016;
DeMarco, 2022).

2.2.4 Study limitations and future research

A limitation of this study is the low number of participants for the
questionnaire, with the majority belonging to younger age groups and
having higher educational attainment. This distribution could
be explained by the requirement to listen to podcasts before attempting
the questionnaire, which takes up a considerable amount of time for
a topic that may or may not interest the listeners. Research findings
may also be biased due to the distribution of questionnaires via
personal networks and social media channels. Since the questionnaire
and podcast were circulated through links shared by the researchers,
the sampled population may not be representative and may include
individuals who already had some knowledge about mass
spectrometry, further introducing potential bias. Another limitation
is the measurement of knowledge. While we included questions in the
survey to gauge participants’ understanding of mass spectrometry,
we relied solely on their responses as the metric without a further
formal investigation in the form of an examination to evaluate
knowledge acquisition. Lastly, the study’s focus on mass spectrometry
podcasts may limit the applicability of the findings to other scientific
disciplines. Different fields have unique challenges and opportunities
for podcast-based science communication, and further research is
needed to explore these variations.

Future researchers can build upon these findings by addressing
these limitations. Expanding the participant pool to include a more
diverse demographic range and reducing reliance on personal
networks and social media channels for recruitment will help provide
a more representative sample. Further research should also consider
the impact of different podcast formats, such as video podcasts versus
audio-only formats, on listener engagement and comprehension.
Investigating the effectiveness of incorporating multimedia elements,
like visual aids or interactive components, could also provide insights
into optimizing podcast delivery for complex scientific content.
Additionally, longitudinal studies tracking changes in listeners’
knowledge and perceptions over time would help understand the
long-term educational impact of scientific podcasts. Such studies
should assess whether repeated exposure to scientific podcasts leads
to increased scientific literacy and interest in scientific careers.

3 Conclusion

Based on the results of this study, podcasts were found to
be effective tools for educating and informing listeners about
specialized scientific topics. All respondents indicated learning at
least some level of detail about mass spectrometry from these
podcasts. For the discussion of technical research, incorporating
humor and storytelling elements was appreciated by the listeners,
enhancing engagement and comprehension. The study also found
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that most participants showed a positive acceptance of the
conversational style and the duration of the mass spectrometry
podcasts. These preferences varied depending on the listeners’ age
group and educational attainment level, highlighting the importance
of tailoring podcasts to the target audience. Younger listeners and
those with higher educational attainment tended to prefer shorter,
conversational episodes that included relatable narratives and
practical applications.

Overall, the findings suggest that well-designed scientific podcasts
have the potential to bridge knowledge gaps and make complex topics
more relatable and engaging. To maximize their impact, science
communicators should consider incorporating the elements discussed
in this study.
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S1  Podcast Questionnaire
Core Questions

Approximately, how often did you listen to podcasts in the last six months (not including the mass spectrometry
podcasts)?

Very often Often Sometimes | Seldom/ Rarely Never

The mass spectrometry podcasts that you listened to differed in duration. What is your preferred duration of podcast?

A 15 minutes or less

B 16-30 minutes
(S 31-45 minutes

D 46-60 minutes

E Longer than 60 minutes
The tone of the discussion in these podcasts was

Much Slightly About Slightly Much
too too right too too
formal formal informal | informal

Overall, the guests gave the right amount of detail to help the audience understand their field of work.

1 Strongly disagree

2 Disagree

3 Neutral

4 Agree

5 Strongly agree

On a scale of 1 to 5, how much do you agree with the following statements?

I understood the explanation of what mass spectrometry is.

1 Strongly disagree

2 Disagree

3 Neutral

4 Agree

S Strongly agree

I understood the explanation of what mass spectrometry is used for.

1 Strongly disagree

2 Disagree



160 Chapter 3. Publications

Supplementary Material

3 Neutral

4 Agree
5 Strongly agree

What was your level of knowledge about mass spectrometry before you listened to the podcasts?

A Tknew a great deal

B Tknew quite a bit
(el I knew a little

D [knew very little

E I knew nothing

How much did you learn about mass spectrometry from listening to the podcasts?

A I learnt a great deal

B I learnt quite a bit
L& I learnt a little

D I learnt very little

E  Tlearnt nothing

How much do you agree with the following statement? The challenges faced by the researchers interviewed for the
podcasts differed.

1 Strongly disagree

2 Disagree

3 Neutral

4 Agree

5 Strongly agree
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S2 Personal interviews guide

Topic of discussion

Prompts for the interview

Background

General discussion on the educational background and interests.

Familiarity with natural sciences

Understanding of natural sciences and its various ficlds.
Familiarity with scientific content.

Engaging with scientific content.

Familiarity with mass
Spectrometry

Learning from the podcasts

Describe existing knowledge level regarding mass spectrometry.
~ Recall instances of coming across mass spectrometry (optional).

Overall impression of the series.

Extent of new knowledge from the series.

Recalling snippets or segments.

Reflection on choices

Favorite podcast in the series.
Least favorite podcast in the series.

Identifying elements that contribute to these choices like humor, narrative or style
of conversation.

Additional rcasons for ranking a podcast as most favorite or least favourite.

Reasons why podcasts on fields like mass spectrometry might not attract listeners
on public platforms.

Recommendations

Enhancing podcasting experience based on individual experiences.
Role of topic and content in popularity of a podcast.

Role of marketing, branding or endorsements in popularity of a podcast.
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Chapter 4
Conclusions

The overarching aim of this thesis was to assess consumer behaviour towards adopting or
rejecting new food technologies and to explore strategies that can be implemented in this
regard.

In the first part, the research examines what consumers prioritise in their daily shopping
and different dietary lifestyles that incorporate foods perceived as more sustainable and
ethical at the initial step. In the second step, it investigates their motivations to adopt
product categories under new food technologies. In the third step, the barriers to adoption
are explored, and finally, suggestions to address these barriers are discussed directly with
consumers to mitigate existing consumer scepticism, especially regarding new foods and
technologies, and to build trust and, ultimately, acceptance.

The use of a questionnaire in different parts of this thesis served as the first critical
step to evaluate existing consumer attitudes and perceptions. The focus groups provided
depth, allowing participants to share their thoughts in detail, leading to richer insights.
This approach captured not only the "what" but also the "why" behind consumer choices,
offering a clearer understanding of the beliefs and perceptions that shape their decisions.

An interesting aspect of this study was the varied regulatory landscape across the
countries involved. While some nations adhered closely to EU regulations, others followed
their own guidelines. These differences were reflected in the discussions, influencing what
participants shared and how they approached the topic.

The next part of the research turned to how these findings could be communicated
effectively. With the rise of digital tools like podcasts and social media, the study explored
how these platforms can make complex scientific information easier to understand and
more engaging. The results, as discussed in Section 3.5 of Chapter 3, highlight the
importance of clear, relatable, and transparent communication, which is essential for
building trust with the public. In other words, when consumers understand the story behind
new food technologies, how they are developed, and why they matter, they are far more
likely to accept and embrace them.

Figure 4.1 presents a framework for communicating with consumers, addressing various
aspects of innovation in the field of food, including new food technologies. At its centre,
this framework places the consumer, emphasising the need for communication that directly
addresses their needs and concerns.

The framework encompasses four main areas, covering topics ranging from new foods
and technologies to food labelling, packaging innovations, and the principles of the circular
economy. Supporting these main pillars, the framework employs a blend of research
methods to understand what consumers want or expect. Examples include conducting
qualitative studies like interviews and focus groups to evaluate in-depth consumer opinions
and using quantitative research to identify trends and gather measurable data.
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qualitative
research

Communication
Model

CONSUMERS

Figure 4.1: Framework for establishing communication with consumers (Own Illustration).

This framework begins with the use of literature and real-world case studies to shape
the research design and develop tools such as questionnaires and interview guides. An
interesting insight from this research was the involvement of policies and regulations, as
these factors radically influenced consumer responses as seen in the studies covered in this
dissertation. The green section of the framework emphasises the use of modern
communication methods, including podcasts, social media, mobile apps, and websites, to
convey complex scientific information effectively.

The findings of this research are presented in six papers, five of which have been
published in international, peer-reviewed scientific journals and constitute Chapter 3 of
this dissertation. The research has also been shared at various international and student
conferences through oral and poster presentations. The research work included in this
dissertation addresses the following topics, which validate key hypotheses and are
interrelated:

1. The influence of consumer awareness and understanding on the
acceptance of new foods and technologies: One of the objectives of this work
was to understand how consumer awareness and perception influence the acceptance
of new food technologies particularly alternative proteins. In this regard, the three
most common alternative protein sources were investigated, which include plant-
based proteins, CCDM, and edible insects. The findings revealed that while there
is growing interest in sustainable food solutions, consumer acceptance is strongly
tied to the level of awareness and understanding. When consumers are provided
with transparent, informative content about the environmental and health benefits
of these products, their openness to integrating them into their diets increases. This
supports Hypothesis 1, which posits that increased awareness and understanding
among consumers correlate with a 20-30% higher acceptance rate of new foods and
technologies. The evidence showed that informed consumers were more likely to
overcome scepticism and consider alternative proteins as viable choices, affirming
the importance of targeted educational efforts.
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2. The role of environmental considerations in shaping consumer
acceptance of new foods and technologies: Multiple aspects of the studies
covered in this dissertation have had environment and sustainability as key focal
points. These have become crucial in tackling the challenges associated with
fulfilling the nutritional requirements of a growing population. This also means that
it is now imperative to focus on dietary lifestyles that incorporate new foods or
sustainable alternatives, as well as new food technologies or foods from
unconventional sources. The findings highlighted that incorporating knowledge of
the environmental impact can have a positive influence on consumers. However,
several biases, including individual preferences and cultural hesitations, still exist,
making many hesitant to embrace unfamiliar foods. Accessibility and availability
of knowledge explaining why certain alternatives can be beneficial can help ease
this transition. This supports Hypothesis 2, which emphasises that integrating
sustainability-related benefits with other motivators can increase consumer
acceptance rates by at least 25%. It showed that consumers appreciate the idea of
sustainability and seek practical solutions for their diets. Highlighting these aspects
can help overcome personal and cultural barriers and increase interest in adopting
different foods and food technologies.

3. The role of communication tools in enhancing consumer trust and
acceptance of new food technologies: Another key area of this study focused
on the role of communication tools in fostering consumer trust and acceptance of
new food technologies. Through the use of digital platforms such as podcasts, the
research demonstrated that complex scientific information could be made accessible
and engaging. This finding supported Hypothesis 3, which suggested that active
consumer engagement through digital communication tools, by identifying barriers
and developing strategies to address them, can enhance acceptance rates by 10—
20%. Podcasts, in particular, proved effective in demystifying technical subjects and
fostering relatability, which helped bridge the gap between scientific content and
everyday consumer understanding. Feedback from focus groups reinforced the idea
that clear, transparent communication addresses consumer concerns and builds
trust, highlighting the need for the strategic use of modern communication tools in
promoting new food technologies.

4.1 Scientific Relevance

This dissertation tackles one of the biggest challenges in sustainable food consumption:
understanding what drives consumer acceptance and how to address barriers related to it.
By adopting a mixed-methods approach, it is one of the first studies to provide a holistic
understanding of consumer perceptions in Europe, allowing a deeper look at what influences
food choices beyond just the technical details of food technologies.

The study focused on three major sources of alternative proteins: plant-based, cultured
meat, and insect-based proteins. These are all at different stages of market introduction,
especially in Europe. While grouped as "alternative proteins," each faces unique challenges
from consumers. For example, regulatory frameworks play a huge role in shaping consumer
views regarding CCDM.

In the case of plant-based proteins, despite their acknowledged purpose, they are still
not fully integrated into diets as they are often viewed as chemically made. Similarly, while
insect-based proteins have long been recognised as viable and are widely consumed in parts
of Asia and Africa, they continue to face scepticism in Europe.
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This reflects how consumer perceptions are not only influenced by the technical and
environmental merits of these innovations but also by how they are communicated.
Addressing underlying scepticism through effective communication strategies is essential
for broader acceptance of these products.

Adding to its scientific relevance, this dissertation is also among the first to explore the
intersection of science communication and public engagement in highly specialised fields
relevant to food research. Mass spectrometry, a critical tool in analysing and authenticating
new food technologies, was explored as a topic in a podcast series and evaluated for its
engagement. The podcasts featured researchers from diverse sociodemographic
backgrounds who discussed using technologies in various fields in a conversational manner.

The feedback for this series exemplified how complex scientific concepts can be
translated into accessible and engaging narratives. This not only enhanced public
understanding of a specialised field but also highlighted the potential of effective science
communication in building consumer trust.

4.2 Future Work

This dissertation highlights the current consumer preferences for food technologies and
communication strategies to accompany them. However, understanding how these
preferences evolve over time remains essential. One solution is to undertake extensive
longitudinal studies that track changes in consumer attitudes towards new food
technologies, especially those that have been subjected to changes in regulations in the EU,
such as CCDM and edible insects.

Longitudinal studies could also contribute to research on plant-based proteins,
particularly in the context of different dietary styles followed by consumers and how plant-
based proteins can meet their nutritional needs. This approach could facilitate broader
acceptance of these products into daily life if studies involving consumers have a positive
impact and are made directly available to the public.

The impact of cultural and regional differences in consumer acceptance presents another
important aspect of this research. While this dissertation has focused on European
consumers, attitudes towards sustainability and new food technologies can vary
significantly across different regions.

Future research examining how these trends manifest in areas such as North and South
America, Asia, or Africa could provide valuable insights into how the food industry can
adapt to and respond to the unique needs and expectations of various cultural groups.
These distinctions can aid in product development tailored to consumers with shared
cultural or regional commonalities, enabling the creation of communication strategies
aligned with local values.

As research in the food sector continues to advance, the potential impact of new
technologies through comprehensive life cycle assessments is also critically important.
Many of these innovations have the potential to cause radical transformations in existing
food systems, but their impact should be assessed critically and shared with consumers to
increase public interest and trust.

Future studies examining these technologies in greater detail, with a focus on consumer
perspectives, could provide a more comprehensive understanding of their roles in
sustainable food systems and the resulting regulatory frameworks.

Additionally, while this dissertation has emphasised the importance of effective
communication, further research could explore and evaluate more effective methods and
channels for reaching diverse consumer demographics. The rise of artificial intelligence and
its impact on digital platforms and social media presents new opportunities and challenges.
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However, the benefits of engaging consumers through relatable content remain evident, as
supported by existing research and literature.

It is crucial that information, when made relatable, remains factual and does not shift
into opinions that could lead to misinformation. Investigating the negative aspects of these
tools, including how they could be misused to spread misinformation if not carefully
employed, would also be worthwhile.

This dissertation makes it evident that areas of research impacting sustainability in any
aspect should involve consumers directly. This is the only way forward to ensure that food
technologies can be successfully integrated into the market. Advancing knowledge in these
directions will help bridge the gap between technological innovation and consumer trust,
ensuring that sustainable food solutions are not only developed but embraced, paving the
way for a more resilient, informed, and conscious global food system.
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Appendix A

Example of a Podcast Infographic

CREATING PODCASTS FOR
SCIENCE COMMUNICATION

I: Planning and

preproduction
Target audience
Research content
Finding up-to-date content
Episode outline/script
Episode format and length

Il: Recording and
production

Schedule interviews
Equipment and software check
Recording environment
Casual conversational style
Edit and enhance recordings

11l: Postproduction and
distribution
Engaging title

Easy-to-read description
Meaningful cover art
Relevant keywords and tags
Additional resources & links

IV: Engagement and
feedback
Channel for feedback
(comments/emails)

Share - social media platforms
Active interaction with listeners

Incorporate feedback in next

episodes

Figure A.1: Example of a podcast infographics for science communication.
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