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ARTICLE INFO ABSTRACT

Keywords: This study examines how knowledge, trust, and socio-demographic variables influence consumer attitudes and
Agrifood behaviors toward the consumption of functional foods in Italy. A structured questionnaire was administered to a
Market uptake sample of 302 Italian consumers. Data analysis involved the use of Principal Component Analysis (PCA) to
Eggzmics identify key consumption profiles and perceived barriers. The findings reveal a multidimensional relationship
Nutrition between knowledge and consumption, shaped by health beliefs, socio-economic status, and generational identity.

Trust in available information and the perceived personal relevance of functional foods emerge as critical factors
in bridging the gap between intention and actual behavior. The PCA results also highlighted two distinct di-
mensions socioeconomic and identity-related that significantly structure consumer segmentation. The study
provides valuable insights for the development of targeted communication strategies. Findings inform agrifood
product development and labeling practices and provide actionable guidance for retailers and regulators, by
linking agricultural ingredients and consumer acceptance.

1. Introduction

Over the past fifteen years, interest in functional foods has grown
significantly, driven by increasing consumer awareness of the links be-
tween diet and health [1,2]. Functional foods products that provide
health benefits beyond basic nutrition represent a rapidly expanding
segment of the global food market [3,4]. Despite rapid market growth,
uptake remains constrained by economic, informational and psycho-
logical barriers that interact with socio-cultural contexts, particularly
where trust in claims and labelling clarity are limited. Economic con-
straints, notably high costs and low availability are consistently identi-
fied as primary obstacles, especially among lower-income groups who
see these products as luxuries rather than necessities [5,6]. Moreover,
doubts caused by unclear health claims, inconsistent labels, and lack of
trust in certifications significantly affect consumer perceptions, with
many depending on clear front-of-pack labels approved by trusted in-
stitutions [7]. Psychologically, factors such as attention to health, prior
experience and fear of trying new foods shape individual willingness to
adopt functional foods, while social habits and marital status further
distinguish consumer groups [5]. Cultural influences also play an
important role: habitual dietary patterns, taste preferences and the

degree of fit with traditional diets influence acceptance and frequency of
use [8]. Understanding adoption therefore requires a holistic view that
brings together trust, socio-economic status, psychological traits and
embedded cultural values, rather than isolated cognitive or economic
drivers. Originating in Japan in the 1980s, these products have since
spread globally, thanks to the addition of probiotics, omega-3s, fibers,
and other active ingredients [9-11]. In this study, we adopt an opera-
tional definition consistent with prior scholarship: functional foods are
conventional or formulated foods that, beyond basic nutrition, deliver
verifiable physiological benefits and/or risk-reduction effects when
consumed as part of a normal diet [9,11,12]. Illustrative market exam-
ples include yoghurt or probiotic drinks (gut health), spreads enriched
with plant sterols (LDL-cholesterol), B-glucan-rich cereals (glycaemic
and lipid control), and foods or dairy enriched with omega-3 (car-
dio-protective effects). We focus on consumer-perceived functionality
and uptake, rather than clinical efficacy, as our outcomes relate to
communication, trust and market adoption. However, actual consump-
tion remains limited; knowledge is often modest and interacts with trust
and perceived cost. Baker et al. [5] have shown that only between 21 %
and 52 % of consumers consider themselves well-informed about these
products, and although the link between knowledge and acceptance is
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positive but limited. Several studies confirm that higher levels of
knowledge are associated with more favorable perceptions and a greater
willingness to consume functional foods [13]. Nevertheless, such
knowledge must be accompanied by trust in information sources and the
ability to question marketing messages [14]. Consumers with greater
knowledge of functional foods tend to show more positive perceptions
and a stronger intention to consume them. Socio-demographic factors
also play a key role: age, gender, income, and education level signifi-
cantly influence both knowledge and attitudes toward these products
[14-16]. For instance, women are more likely to prioritize health ben-
efits over taste, while younger consumers demonstrate greater openness
to experimentation, although with less consistency in consumption
habits [17,18]. Additional consumption barriers include limited famil-
iarity with the concept of "functional," negative past experiences, or lack
of trust in certain ingredients [19,20]. Recent research highlights the
importance of clear labels and understanding in overcoming these bar-
riers [21]. Finally, behavioral segmentation techniques particularly
those employing principal component analysis and cluster analysis have
already proven effective in distinguishing consumer profiles based on
attitudes, frequency, and motivations [22-24]. The present study aims
to further explore this segmentation within a specifically Italian context,
which remains underrepresented in the international scientific
literature.

Beyond consumer-focused evidence, a growing body of bibliometric
and patent-based work maps the evolution of functional food research
and innovation. Global patent landscape analyses document a marked
increase in patent filings related to functional ingredients, delivery
systems and health claims over the last two decades, with geographically
concentrated clusters of applicants in Europe, Asia and North America
[25,26]. Bibliometric reviews of nutraceuticals and functional foods
highlight the centrality of a relatively small set of highly cited papers
that structure the field [27], while technology-forecasting studies on
functional chocolates and related cocoa-based products show that many
innovations remain at the level of patents or pilot developments rather
than fully commercialised products [28]. Similarly, bibliometric map-
ping of coffee and caffeine research reveals rapidly expanding but
thematically fragmented knowledge domains [29]. These upstream an-
alyses underscore how dynamic the innovation pipeline is, but they also
suggest a potential gap between patent-intensive technological devel-
opment and the everyday perceptions, trust and purchasing behaviour of
consumers in specific national contexts such as Italy.

The research questions addressed in this study are outlined below:

RQ1: How does the level of knowledge about functional foods in-
fluence consumer perception and willingness to consume them?
RQ2: What are the main barriers limiting the consumption of func-
tional foods, and how do they vary among consumers?

RQ3: How do variables such as age, gender, income, and education
influence the consumption of functional foods?

This research, based on a survey conducted with a sample of Italian
consumers, aims to fill a knowledge gap and provide valuable insights
for public policy, communication strategies, and the development of
innovative products in the food sector.

By linking consumer evidence to product design, labeling credibility
and targeted education, this study addresses decision points across the
agrifood system from ingredient choice and formulation to retail posi-
tioning and public communication. The focus on knowledge, trust and
socio-demographics is intended to inform both market strategies and
food-policy actions aimed at responsible uptake of functional foods.

2. Methodology
2.1. Survey instrument and data collection

To collect empirical data useful for this research, a survey was
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conducted using a questionnaire administered via the Qualtrics XM
platform and promoted through various social media channels between
April and May 2024.

Before the main data collection in March, a pre-test was conducted
with 50 respondents to assess the reliability and clarity of the ques-
tionnaire items. After the pre-test, minor refinements were made to the
wording before the main fieldwork. The survey was targeted at potential
Italian consumers, with the sample size and content specifically
designed to investigate levels of awareness and willingness to consume
functional foods in Italy.

A total of 302 valid responses were collected, allowing for a
comprehensive analysis of consumer behaviors and attitudes, as well as
the identification of emerging trends related to the research objectives.

The purpose of the questionnaire was to examine both qualitative
and quantitative aspects of consumer knowledge, consumption habits,
and the perceived factors that may discourage the intake of functional
foods. To achieve this, the questionnaire was composed exclusively of
closed-ended questions, including both dichotomous and multiple-
choice formats, ensuring the standardization and comparability of
responses.

The questionnaire was organized into three distinct sections. The
first section focused on product awareness, beliefs, and consumer per-
ceptions, beginning with a Likert scale to measure self-reported
knowledge of functional foods, followed by more specific items to
assess the depth and accuracy of this knowledge.

The second section investigated actual consumption behaviors,
including frequency and timing of intake, preferred product attributes,
and motivations behind non-consumption. This part also aimed to cap-
ture patterns related to purchasing decisions and situational contexts
influencing consumer choices.

The third and final section collected detailed socio-demographic
information, including gender, age (later reclassified into generational
cohorts according to ISTAT standards), area of residence (urban or non-
urban), household size, and income level.

This enabled the integration of socio-economic variables into the
analysis, allowing for a richer interpretation of the results in relation to
consumer segmentation. The constructs were operationalised to yield
directly actionable levers for agrifood stakeholders (e.g., message
clarity, claim credibility, occasion-based formats and affordability).
Item development and validation. Survey items on knowledge, trust/
claims and perceived barriers were adapted from prior research on
functional foods and food labelling, with wording aligned to our context
[13,14,21,30-33].

The sample was subsequently subjected to a principal components
analysis (PCA) in order to summarise consumer perceptions of func-
tional foods and identify their consumption habits.

The PCA is expressed by the following formula:

Y= WaXy + WXs + .. . + WpX,

Where X;,Xj, ... X, are the originally standardized variables and W;,
Wi, ... Wy, are the weight related to each one of them.

This analysis is structured to find out a new set of smaller dimensions
than the original variables, capable of expressing "common"
information.

To facilitate clearer and more accurate interpretation of the data, the
Varimax method was chosen to perform orthogonal rotation of the
factors that permits a simpler and more correct interpretation of the
variables [34,35].

The extraction of the components was followed by the calculation of
the factor scores for each case.

The higher the factor loading, the more the variable is decisive for
that factor.

The model was also validated using Bartlett’s Test of Sphericity and
the KMO (Kaiser-Meyer-Olkin) measure, to determine whether the the-
orised model was valid (Maesano et al., 2022).
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Furthermore, only factors with loadings of no less than 0.4 were
considered, a value identified as significant by Hair et al [36]. Beyond
statistical adequacy, the retained factors were selected for managerial
and policy usefulness, enabling evidence-based consumer segmentation
and prioritisation of communication and labeling interventions.

The variables used for the construction of the model are described in
Table 1.:

3. Results
3.1. Data analysis results

The analysis focusing on socio-demographic aspects is summarized
in Table 2.

The gender distribution is essentially balanced: 50.99 % of re-
spondents are male (n = 154), while 49.01 % are female (n = 148).

This balance ensures good representativeness with regard to the
gender variable.

The generational composition is heavily skewed towards younger
individuals: Generation Z constitutes the largest group (49.01 %), fol-
lowed by Millennials (27,15 %) and Generation X (16.89 %). The
Identity Generation accounts for just 6,25 % of the sample.

This data suggests a predominance of participants born after the
1990s, which may be reflected in attitudes, values, and behaviors rele-
vant to the survey.

The majority of respondents live in households composed of 2-4
people (75,83 %).

Only 7,62 % live alone, while 16,56 % belong to families with more
than 5 members.

The sample is generally well-educated: over half (53,64 %) hold a
university degree, and a further 20,53 % have completed postgraduate
studies.

Table 1
Variables by nature and type of attribute used for the PCA model analysis
construction.

Variable Nature Type of
attribute
Socio- City size Ordinal Extrinsic
demographic Generation Ordinal Extrinsic
Gender Nominal  Extrinsic
Educational level Ordinal Extrinsic
Income bracket Ordinal Extrinsic
Product Functional foods have added healthy =~ Nominal  Intrinsic
knowledge ingredients
Functional foods contain bioactive Nominal  Intrinsic
compounds
A dietary supplement is a functional =~ Nominal Intrinsic
food
If overused, they can be harmful Nominal  Intrinsic
They are completely safe Nominal  Intrinsic
They can be in capsule or pill form Nominal Intrinsic
They are useless for a healthy person ~ Nominal  Intrinsic
Consumption Iamin good health and don’t feel the ~ Nominal Extrinsic
barriers need
I was not satisfied in the past Nominal  Extrinsic
I don’t follow a specific diet Nominal  Extrinsic
Consumption Consumption frequency Ordinal Extrinsic
Main meal (breakfast; lunch; snack; Nominal Extrinsic
dinner)
Healt benefits Nominal  Extrinsic
Organoleptic characteristics Nominal  Extrinsic
Packaging sustainability Nominal  Extrinsic
Main products (Beverages; Fischery; Nominal Intrinsic

baked goods; cereal based products)

Source: Our elaborations
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Table 2

Socio-demographic variables (n = 302).
Variable n %.
Gender
Male 154 50,99
Female 148 49,01
Generation
I-Generation 148 49,01
Millennials 82 27,15
Generatione-X 51 16,89
Identity Generation 21 6,25

How many members are in your household

One member 23 7,62
From 2 to 4 members 229 75,83
More than 5 50 16,56

What is your highest level of education

Middle school diploma 7 2,32

High School diploma 71 23,51
University degree 162 53,64
Post-graduate degree 62 20,53

Residential area

Small (up to 50.000 inhabitants) 110 36,42
Medium (from 50.000 to 100.000 inhabitants) 37 12,25
Large (from 100.000 to 500.000 inhabitants) 113 37,42
Metropolis (over 500.000 inhabitants) 42 13,91

Income bracket

Less than 10.000€ 41 13,58
Between 10.000 and 30.000€ 157 51,99
Between 30.000 and 60.000€ 78 25,83
Between 60.000 and 90.000€ 18 5,96
Over 90.000€ 8 2,65

Source: Our elaborations

Only 2,32 % hold a lower secondary school certificate as their
highest qualification.

The residential distribution is fairly balanced, with a slight preva-
lence of residents in large cities (100.000-500.000 inhabitants, 37,42
%) and small towns (up to 50.000 inhabitants, 36,42 %).

Metropolitan areas account for just over 13,91 %, while medium-
sized cities represent 12,25 %.

The largest income group falls within the €10,000-€30,000 annual
range (51,99 %), followed by those earning between €30.000 and
€60.000 (25,83 %).

Only a small portion of respondents report incomes above €60.000
(8,61 %), while 13,58 % earn less than €10.000.

The concentration in lower to middle income brackets may reflect
the economic conditions of the target population, with potential impli-
cations for consumption patterns and personal priorities.

The first group considered for the factor analysis consisted of the
socio-demographic variables.

The exploratory analysis produced a model composed of two factors,
explaining 52,86 % of the total variance.

As previously mentioned, the model was validated using the KMO
test and Bartlett’s test of sphericity, which returned values of 0,603,
indicating mediocre but sufficient adequacy and 73,195 (p-value
<0,001), respectively. These diagnostics support the use of factor scores
in downstream decision-making, such as targeting, portfolio design and
front-of-pack guidance.

These results confirm the presence of significant correlations among
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the variables, thus justifying the use of factor analysis.

The first factor observable in Table 3., which alone explains 29,88 %
of the variance, shows high loadings on three variables: area size of
residence (0,746), income bracket (0,734), and level of education
(0,505).

These three dimensions together describe a profile that can be
defined as an “urban socio-economic profile.”

In other words, individuals living in larger urban centre tend, in the
examined sample, to have higher levels of education and to fall within
middle to high income brackets.

The second factor, which contributes a further 22,98 % to the
explanation of variance, focuses instead on demographic characteristics:
gender (with a very high loading of 0,877) and generational cohort
(0,595).

This second axis can be interpreted as an identity related factor,
linked to relatively stable and structural characteristics of individuals.

It is interesting to note that these aspects do not blend with socio-
economic variables, but rather constitute an independent factor.

The second analysis was conducted to explore the perceptions and
barriers related to the consumption of these foods and is explained in
Table 4.

In terms of adequacy, the KMO test is equal to 0,578, a value
considered weak but still acceptable to proceed with the factor analysis
followed by the Bartlett test of sphericity, that is highly significant
(275,558, p < 0,001), confirming that the observed correlations are not
random and support the validity of the model.

Four factors were extracted, which together explain 57,76 % of the
total variance.

Specifically, the first factor explains 16,73 %, the second 14,69 %,
the third 14,45 % and the fourth 11,89 % of the variance.

The first factor is mainly about the knowledge and the methods for
functional foods.

The highly loaded factors in this one are “a dietary product is a
functional food” (0,807), “they can be in capsule or pill form” and, with
more moderate but significant loads, “functional foods have added
healthy ingredients” (0,432).

These loads factors reflect the knowledge and consumption behavior
relating them to dietary or pharmaceutical products.

The second factor reflects barriers related to perceived health and
personal experience, configuring itself as a component centered on the
absence of subjective need.

The two variables that strongly saturate this factor are "I am in good
health and I do not feel the need" (0,767) and "I have not been satisfied
in the past" (0,793).

In this case, the refusal or resistance to the consumption of functional
foods does not derive from a value judgment on the product, but from a
perception of inadequacy with respect to one’s personal situation.

The third factor captures a dimension linked to the perception of risk.

In fact, three highly representative statements emerge: “If used in
excess, they can be harmful” (0,715), “They are completely safe”

Table 3
Rotated matrix of Socio-demographic variables.
Variables Factors
Al A2
City size 0,746
Generation 0,595
Gender 0,877
Educational level 0,505
Income bracket 0,734
Total variance explained 29,88 22,98
KMO Test 0,603
Bartlett Test of Sphericity 73,195
Significance <0,001

Factors with values below 0,4 excluded

Source: Our elaboration by IBM SPSS software
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Table 4
Rotated component matrix of product knowledge and consumption barriers.
Variables Factors
B1 B2 B3 B4
Product knowledge
Functional foods have added healthy 0,432 0,568
ingredients
Functional foods contain bioactive 0,517
compounds
A dietary supplement is a functional food 0,820
If overused, they can be harmful 0,715
They are completely safe —-0,711
They can be in capsule or pill form 0,807
They are useless for a healthy person —0,527
Consumption barriers
I am in good health and don’t feel the 0,767
need
1 was not satisfied in the past 0,793
I don’t follow a specific diet 0,741
Total variance explained 16,73 14,69 14,45 11,89
KMO Test 0,578
Bartlett’s test of sphericity 275,558
Significance <0,001

Factors with a value below 0.4 excluded

Source: Our elaborations by IBM SPSS software

(—0,711) and “they are useless for a healthy person” (—0,527), which
shows a negative saturation. The coexistence of these three items, in
opposite directions, suggests that the dimension does not limit itself to
representing a univocal opinion, but reflects a tension between reas-
surance and concern.

Lastly, the fourth factor considers implicit judgments about useful-
ness and personal habits.

The representatives of this factor are “Contain bioactive compounds”
(0,517), “Contain healthy ingredients” (0,568) and “I don’t follow a
specific diet” (0,741).

The joint positioning of these statements could reflect an ambivalent
or selective attitude towards functional foods: one recognizes their
health benefits, but does not necessarily integrate their consumption
into one’s daily routine.

In Table 5 is summarized the analysis carried out on variables related
to consumption habits yielded a model composed of four factors, which
was validated as previously described using the KMO test and Bartlett’s
test of sphericity.

These returned values of 0,598, indicating sufficient adequacy, and
246,094 (p-value <0,001), confirming the presence of significant cor-
relations among the variables.

The first factor, explaining 16,23 % of the variance, is strongly
characterized by the regularity and centrality of main meals in the daily
diet. Managerially, this points to main-meal formats and clear use-
instructions as high-yield vehicles for functional propositions.

In particular, lunch (0,775) and dinner (0,767) show high factor
loadings, suggesting that these moments represent fixed points in the
eating routine.

Overall consumption frequency (0,562) and a preference for aqua-
culture products (0,521) are also positively associated with this factor,
outlining a structured dietary profile oriented towards regular and
potentially healthy choices.

The second factor, accounting for 12,07 % of the variance, is domi-
nated by two less formal but recurring eating occasions breakfast
(0,636) and afternoon snacks (0,666). This suggests on-the-go, portion-
controlled options and concise claims as suitable routes to lower trial
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Table 6
Main variables indicators related to the PCA.

Table 5
Rotated factor matrix of consumption habits.
Variables Factors
C1 c2 C3 Cc4
Consumption frequency 0,562
Meal
Breackfast 0,636
Lunch 0,775
Snack 0,666
Dinner 0,767
Consumption reasons
Healt benefits 0,594
Organoleptic characteristics 0,444 0,488
Packaging sustainability 0,693
Food types
Beverages 0,635
Fishery products 0,521
Baked goods 0,401 0,576
Cereal based products 0,595
Total variance explained 16,23 12,07 11,82 11,76
KMO Test 0,598
Bartlett’s test of sphericity 246,094
Significance <0,001

Factors with a value below 0.4 excluded

Source: Our elaborations by IBM SPSS software.

barriers in dynamic routines.

These results indicate a behavioral dimension related to the flexi-
bility and fragmentation of food intake throughout the day, typical of
dynamic lifestyles.

Consumption during these timeframes is likely driven by needs for
quick energy, personal habits, or demands imposed by work and school
commitments.

The third factor, explaining 11,82 % of the variance, groups variables
that refer to the sensory and environmental dimensions of food choices.

The variable “eco-sustainability of packaging” shows a high loading
(0,693), followed by “cereal-based products” (0,595) and “organoleptic
characteristics” (0,488). Emphasising taste alongside environmentally
responsible packaging integrates quality and sustainability, two attri-
butes that jointly drive acceptance.

This suggests that a segment of consumers bases their preferences not
only on taste and perceived quality, but also on values related to envi-
ronmental sustainability.

The factor thus seems to integrate an appreciation for food tradition
(such as cereal-based products) with an ecological awareness that is
increasingly relevant in modern consumption patterns.

Finally, the fourth factor, which accounts for 11,76 % of the vari-
ance, is centered on health-related and functional motivations in food
choices.

The “beneficial effects” associated with the consumption of certain
foods show a loading of 0,594, along with “beverages” (0,635) and
“baked goods” (0,576).

This profile suggests that a portion of the surveyed sample tends to
value food based on its perceived positive impact on physical and mental
well-being, including both functional foods and common food items
considered healthy. For health-motivated consumers, simple, specific
and verifiable benefit statements paired with guidance on effective
portions can translate intention into repeat use.

In summary, Table 6 reports the main descriptive statistics for the
variables included in each section of the PCA analysis.

Factor  Variables Main indicators
Min. Max. Mean  Std. Std.
Deviation Error
A City size 1 4 2,29 1103 0,063
Generation 1 4 1,82 0,952 0,055
Gender 0 1 0,49 0,501 0,290
Educational level 1 4 2,92 0,727 0,042
Income bracket 1 5 2,32 0,878 0,051
B Functional foods have 0 1 0,38 0,486 0,028
added healthy
ingredients
Functional foods 0 1 0,80 0,400 0,023
contain bioactive
compounds
A dietary supplement is 0 1 0,28 0,452 0,026
a functional food
If overused, they can be 0 1 0,61 0,488 0,028
harmful
They are completely safe 0 1 0,60 0,491 0,028
They can be in capsule 0 1 0,29 0,455 0,026
or pill form
They are useless for a 0 1 0,16 0,363 0,021
healthy person
I am in good health and 0 1 0,01 0,099 0,006
don’t feel the need
I was not satisfied in the 0 1 0,01 0,081 0,005
past
I don’t follow a specific 0 1 0,11 0,308 0,018
diet
C Consumption frequency 0 5 4,50 0,850 0,056
Breackfast 0 1 0,52 0,501 0,033
Lunch 0 1 0,48 0,501 0,033
Snack 0 1 0,29 0,457 0,029
Dinner 0 1 0,38 0,487 0,033
Healt benefits 0 1 0,55 0,498 0,029
Organoleptic 0 1 0,39 0,489 0,028
characteristics
Packaging sustainability =~ 0 1 0,09 0,286 0,016
Beverages 0 1 0,27 0,445 0,026
Fishery products 0 1 0,31 0,462 0,027
Baked goods 0 1 0,37 0,485 0,028
Cereal based products 0 1 0,22 0,414 0,024

Source: Our elaborations by IBM SPSS Software
4. Discussion

4.1. Knowledge and perception: a direct but non-linear relationship

(RQD)

The findings partially confirm the hypothesis that a higher level of
knowledge about functional foods is associated with more positive
perceptions and a greater willingness to consume them. Factor analysis
revealed that knowledge is structured across multiple representations of
the product, distinguishing between technical aspects, safety percep-
tions, therapeutic functions, and preventive value [37,38].

Among consumers with higher scores on the first factor related to
knowledge and familiarity with functional foods, a strong propensity to
consumption emerges, supported by positive attitudes toward sustain-
ability and health benefits [5]. This aligns with existing literature, where
well-informed consumers tend to associate functional foods with health
benefits and more conscious dietary choices [13,39,40]. By contrast,
some individuals, while recognizing the benefits of functional foods as
highlighted by the fourth factor, do not consistently translate this
awareness into behavior. This pattern is likely linked to persistent
distrust or difficulties in correctly identifying such products [20,41].
These results suggest that simply knowing what a functional food is does
not suffice for its consumption; knowledge must also be accompanied by
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trust, clear product identification, and the absence of communicative
ambiguity [12]. Taken together, these findings point to practical actions:
simplifying functional messaging and anchoring it to familiar usage
occasions can help convert perceived benefits into consistent purchase
and consumption.

4.2. Barriers to consumption: between misinformation, cost, and distrust

(RQ2)

The factor analysis of consumption barriers provided a clear and
nuanced understanding of the obstacles limiting the intake of functional
foods. The main barriers are organized along four dimensions: lack of
motivation, limited knowledge, negative experiences/cost, and distrust
toward ingredients [15,19,42].

These barriers are not evenly distributed across socio-demographic
profiles. For instance, younger individuals with lower socio-economic
status identified through the identity-related component of the PCA
show a higher incidence of mistrust and poor information. This suggests
that in the absence of cultural and economic resources, the adoption of
new dietary behaviors becomes more challenging [32,43].

Older male participants who score higher on the identity-related
component tend to exhibit moderate consumption levels but also sig-
nificant distrust toward ingredients. This indicates that transparency in
product composition and labeling is a critical factor for this de-
mographic segment [31,44].

Conversely, individuals with higher socio-economic and educational
profiles identified along the first PCA component tend to demonstrate
greater openness and fewer consumption barriers. This reinforces the
notion that clear communication, nutritional education, and trust in the
perceived quality of the product are essential levers for overcoming
resistance to functional food consumption [45]. Accordingly, priority
actions should match barriers and segments: plain-language claims to
address limited knowledge, transparent ingredient narratives to counter
ingredient distrust (notably among older male groups), and accessible
price points to ease cost-related resistance in lower-SES younger con-
sumers each underpinned by credible sources.

4.3. The role of socio-demographic variables: heterogeneity and
segmentation (RQ3)

The analysis confirms that socio-demographic variables significantly
influence consumption behaviors, resulting in distinct population pro-
files characterized by specific traits and attitudes [43]. Principal
Component Analysis (PCA) identified two key axes: a socioeconomic
axis (income, education, urban area) and an identity-related axis
(gender, generation). These two components enable the identification of
distinct consumer profiles. For example, one group associated with
higher scores in both the socio-economic and identity-related compo-
nents is typical of urban, young, and predominantly female consumers,
marked by high sensitivity to health, environmental concerns, and food
quality [46].

Another profile includes younger individuals with lower educational
and income levels, who tend to show limited engagement and face more
barriers to functional food consumption [18]. Adults with high scores on
the socio-economic component appear particularly inclined toward
conscious and consistent consumption. This group represents a key
target for loyalty strategies and the promotion of functional foods [47].

These findings highlight that age, income, gender, and urban context
do not act as isolated variables but rather intersect to shape distinct
dietary behaviors. This underscores the importance of differentiated
marketing and communication strategies capable of addressing the
specific needs, knowledge levels, and resistances of each consumer
segment [48,49]. Accordingly, segment-specific mixes of channels,
claim framing and price architecture aligned with the PCA-identified
socioeconomic and identity-related axes should be tailored to the
resulting segments to translate evidence into execution and focus
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resources where impact is highest.

4.4. Patents, innovation dynamics and implications for functional food
uptake (RQI1-RQ3)

Patent-oriented studies offer a complementary view of how func-
tional food innovation is evolving upstream. Recent patent landscape
analyses focusing on plant-derived bioactives show, for example, that
Lamiaceae species such as Mentha, Salvia and Perilla are increasingly
protected for functional food applications, with marked activity in East
Asia, North America and the European Union [50]. Other reviews
emphasise enabling technologies rather than specific ingredients,
highlighting the rapid expansion of patents on nanostructured in-
gredients, active packaging and lipid-based delivery systems designed to
improve the stability and bioavailability of bioactive compounds [51,
52]. Together, these contributions depict a highly dynamic and
technology-intensive innovation landscape.

Work on functional crops and nutritional quality documents an
expanding body of research on gene-edited plants and molecular
farming strategies explicitly framed as tools for developing functional
foods and nutritionally enhanced ingredients [53]. When read against
our results, this upstream evidence suggests a gap between the sophis-
tication of technological development and the more uneven patterns of
knowledge, trust and purchasing behaviour observed among consumers.
Narrowing this gap requires not only further innovation, but also
transparent communication on health effects, rigorous validation of
functional properties and initiatives aimed at making functional prod-
ucts understandable and accessible to different population groups.

5. Conclusion and implications

The analysis carried out has made it possible to explore, from an
integrated perspective, the dynamics underlying the growing interest in
functional foods. The results highlight a significant trend of increasing
consumer awareness, progressively oriented toward a dietary model that
combines health, prevention, and everyday well-being. In particular,
there emerges a broad-based awareness of the potential role of these
products in managing specific physiological functions such as digestion,
immune support, or cholesterol control indicating an explicit search for
foods with added functional value. For industry, the evidence supports
three immediate levers: (i) occasion-aligned formats, (ii) claim clarity
with proof-points, and (iii) affordability tactics for trial.

For public health and consumer education, concise materials that
explain ‘what it does’ and ‘how to use it” in mainstream channels such as
pharmacies, schools and primary care can raise informed uptake. In
practical terms, organisations should pair short, specific front-of-pack
statements with a single proof-point accessible via QR code (e.g.,
ingredient, mechanism, suggested portion), align on-pack and digital
messages, and demonstrate use through simple “when/how to consume”
cues at main meals and at breakfast/snack occasions. To lower trial
barriers, manufacturers and retailers can offer entry-price or portion-
controlled formats, introductory bundles and, where appropriate,
private-label functional options in high-traffic channels.

Moreover, firms should invest in long-term consumer education
strategies that combine simple, visual messaging about functional ben-
efits with continuous communication across sales points, social media,
and collaboration with health professionals. Such initiatives can
strengthen food literacy, reduce perceived risk and mistrust, and
translate awareness into regular consumption behavior.

Local and national authorities can amplify these efforts by stand-
ardising terminology and claim wording, issuing clear front-of-pack
guidance, and supporting co-branded public-health campaigns with
pharmacies, schools and primary care. Partnerships with industry and
professional bodies can ensure credible content, while periodic moni-
toring and public reporting can reduce ambiguity and sustain trust over
time.
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In addition, public authorities can actively foster functional food
adoption by introducing fiscal incentives for research and innovation,
establishing uniform guidelines on functional claims, and promoting
nationwide information programs in schools and primary healthcare
centers. A systemic, shared-governance approach between institutions,
producers, and consumers can consolidate public trust and amplify the
nutritional and economic impact of these initiatives.

However, the interpretation of these findings must be contextualized
in light of certain methodological and structural limitations. First, while
the sample used was adequate for an initial exploratory analysis, it
presents limitations in terms of statistical representativeness. The socio-
demographic characteristics and geographic concentration of re-
spondents may have influenced the results, limiting the generalizability
of the findings to a broader population. Second, the study’s reliance on a
single-administration, self-reported questionnaire introduces potential
cognitive distortions, including social desirability bias, idealized self-
perception, and the tendency to overestimate virtuous behaviors.
These often underestimated factors can create a gap between stated
intentions and actual behaviors one that only longitudinal observation
and triangulation with other methodological tools (e.g., real consump-
tion studies or ethnographic analyses) could help bridge.

Future implementation should be accompanied by simple evaluation
designs (e.g., A/B testing of claims and formats, price experiments, and
follow-up surveys) to verify which messages and access levers most
effectively convert intention into sustained use.

From an analytical standpoint, another relevant consideration con-
cerns the semantic and value-laden dimension of the concept of "func-
tional food." Its definition is not always clear-cut in public perception,
which risks generating interpretive ambiguities. The meaning con-
sumers assign to such products is heavily influenced by cultural context,
communication practices, and corporate marketing strategies. This calls
for a qualitative inquiry capable of decoding the symbolic processes
underlying food choices.

Overall, the coordinated engagement of firms, institutions, and
consumers represents the cornerstone for promoting responsible and
informed adoption of functional foods within the Italian agrifood
system.

Despite the limitations discussed above, this study contributes to the
development of a knowledge base useful for both theoretical reflection
and practical application. The evolution of the functional food market
cannot be fully understood through economic or nutritional lenses
alone, but instead requires a multidimensional approach that integrates
psychological, sociological, and communicative dimensions. Aligning
these actions across the agrifood chain can improve credibility, reduce
confusion and unlock responsible growth in functional foods. Taken
together, these coordinated actions strengthen real-world relevance by
linking evidence to clear roles for producers, retailers and public in-
stitutions, thereby supporting informed choice and equitable access to
functional foods. Future research should broaden its methodological
scope and critically examine the interaction between perceived needs,
product offerings, and the construction of consumer trust.
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