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ARTICLE INFO ABSTRACT
Keywords: The present study investigated the consumer response to pasta formulated with hemp, seaweed, insect and pea
Alternative protein sources flours or powders among the Italian population, given the urgent need to identify and utilise alternative, sus-
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tainable protein sources. To this end, a structured questionnaire was administered to 470 participants to assess
their eating habits, their familiarity with high-protein products, and how nutritional and environmental infor-
mation influences their willingness to try (WTT) and willingness to buy (WTB) the herein-evaluated pastas.
Attitudes such as food neophobia, interest in health and sustainability of food consumption were also examined
using psychometric scales. The findings indicated higher WTT and WTB values for pea protein pasta, which were
significantly and positively influenced by nutritional information. The study further demonstrated a differential
behavioural pattern: participants with lower food neophobia scores exhibited a greater propensity to adopt novel
protein sources, whereas highly neophobic individuals appeared less responsive to informational treatments. In
addition, a cluster analysis identified two distinct consumer segments differing markedly in their WTT and WTB.
Among the examined variables, low food neophobia, rather than consumer predisposition towards the health-
related attributes of food or their focus on environmental sustainability, was consistently associated with
greater WTT and WTB for alternative protein sources. The promotion of foodstuffs containing alternative protein
sources, particularly those that are unfamiliar or associated with psychological barriers identified in previous
literature, such as food neophobia and food disgust, may benefit from a combination of nutritional and envi-
ronmental messaging to counterbalance these barriers.

1. Introduction 2022). This places pressure on natural resources and contributes
significantly to greenhouse gas emissions, deforestation, habitat

1.1. Background and relevance of the study destruction, and biodiversity loss (Ritchie et al., 2022). Given the pro-
jected global population growth to nearly 10 billion by 2050, the

In recent years, increasing concern for environmental sustainability development of alternative protein sources is essential to ensure food

(Trudel, 2019) and human health (Batat et al., 2019) has led to greater security and the sustainability of agri-food systems (Riggs et al., 2018).
scrutiny of the role of protein in the diet and the environmental impact
of its conventional production. Proteins are essential macronutrients
that support growth, tissue repair, and numerous physiological pro-
cesses vital to health (LaPelusa and Kaushik, 2025). Traditionally
derived mainly from animal sources such as meat, fish, eggs, and dairy,
these proteins are valued for their high biological value, but their pro-
duction is highly resource-intensive, requiring large amounts of water,
land, and feed (Mekonnen and Gerbens-Leenes, 2020; Ritchie et al.,

1.2. Alternative protein sources

Alternative protein sources include plant-based proteins such as le-
gumes and hemp, as well as edible insects, algae and microorganisms. It
is important to note that each of these options has unique nutritional and
environmental advantages (Wood and Tavan, 2022). Legumes are
valuable plant protein sources due to their high protein, fibre, and
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micronutrient content and low environmental impact, as they require
fewer natural resources and improve soil fertility through nitrogen fix-
ation in symbiosis with Rhizobium (Rawal, 2019; Valkov et al., 2020),
although their nutritional benefits can be limited by anti-nutritional
factors such as phytic acid and o-galactoside oligosaccharides, which
can be reduced through processing methods like soaking, boiling,
germination, and fermentation (Popova and Mihaylova, 2019). Hemp is
an increasingly recognised high-quality protein source with a balanced
amino acid profile, ©-3 and w-6 fatty acids, and fibre (Malomo and
Aluko, 2015; Rusu et al, 2021), and although it contains
anti-nutritional factors such as phytic acid and trypsin inhibitors that
may reduce protein digestibility and mineral absorption (Papatzimos
and Kasapidou, 2024), its low input requirements and
soil-regenerating properties make it a sustainable crop for protein pro-
duction (Meffo Kemda et al., 2024). The interest in edible insects has
increased in recent years due to their status as a highly efficient and
sustainable source of protein. To illustrate this point, the requirement of
resources for crickets, mealworms and black soldier fly larvae is sub-
stantially lower than that of conventional livestock. The consumption of
water is significantly reduced, as are greenhouse gas emissions, and less
land is required (Berggren et al., 2019; Rumpold and Schliiter, 2013;
Vauterin et al., 2021). The rapid growth rates of these insects, coupled
with their high feed conversion efficiency and capacity to be reared on
organic waste, serve to further enhance their sustainability credentials,
positioning them as a promising alternative protein source for the
future. It is important to underline that, edible insects can trigger
allergic reactions mainly due to cross-reactive proteins such as tropo-
myosin and arginine kinase, posing a risk especially for individuals
allergic to crustaceans and dust mites (De Marchi et al., 2021). Algae and
microalgae, including species such as Spirulina and Chlorella, are also
promising sources of protein and other valuable nutrients. These aquatic
organisms have been found to contain high concentrations of protein
and vitamins, minerals, and antioxidants (Gershwin et al., 2007). It is
important to note that algae can be cultivated in both marine and
freshwater environments. This has the effect of alleviating pressure on
terrestrial agricultural land and freshwater resources. This production
method has been demonstrated to provide a sustainable solution to the
increasing demand for protein, without resulting in the exacerbation of
land degradation or water scarcity (Chen et al., 2022). Algae and
microalgae proteins may contain high levels of indigestible cell wall
components and potential contaminants, which can limit their nutri-
tional bioavailability and safety (Holdt and Kraan, 2011).

1.3. The case of high-protein pasta

High protein pasta constitutes a dietary option that has been devel-
oped to meet the dietary needs of individuals seeking to increase their
protein intake while reducing their carbohydrate consumption. In recent
years, the food market has witnessed a notable emergence of protein-
enriched pastas formulated with alternative sources, including hemp,
algae, insects and peas (Moura et al., 2023). The development of these
formulations was driven by two primary objectives: firstly, to enhance
the nutritional profile of pasta products, and secondly, to reduce their
environmental impact, thus aligning with the growing consumer interest
in both health and sustainability (Bonacci et al., 2023; Hidalgo et al.,
2023; Messia et al., 2021). However, the propensity of Italian consumers
to purchase these products remains an area that has received little
research attention, particularly in relation to the impact of nutritional
and environmental information provided at the time of purchase and
individual attitudes towards the health and environmental aspects of
food consumption. In this context, consumer behavioural intentions,
particularly willingness to try (WTT) and willingness to buy (WTB), are
widely used indicators to investigate the market potential of novel foods
before commercial introduction. WTT reflects consumers' openness to
experiencing an unfamiliar product, whereas WTB captures their pur-
chase intention after evaluating the available product information.
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Previous studies have shown that these constructs are influenced by
factors such as familiarity, perceived benefits, food neophobia, and in-
formation provided to consumers (Chen et al., 2019; Murillo et al.,
2023).

1.4. Objectives of the study

The aim of this study was to investigate Italian consumers' willing-
ness to try and willingness to buy pasta enriched with alternative protein
sources, while assessing the role of heating habits, familiarity with high-
protein products, food neophobia, health interest, sustainability atti-
tudes, and nutritional and environmental information in shaping these
behavioural intentions.

2. Materials and methods
Ethical approval

The present study was approved by the Bioethical Committee of the
Alma Mater Studiorum - Universita di Bologna (Prot. n. 0127833 del
08/05/2024).

2.1. Data collection and participants

The questionnaire was developed and administered using Microsoft
Forms, a Microsoft 365 application designed to facilitate the creation
and distribution of customised surveys. The distribution of the ques-
tionnaire was facilitated through Nimble Links, an online platform that
generates short, shareable URLs to enable broad data collection. The
dissemination of the questionnaire link was achieved through a variety
of social media channels, including Facebook, Instagram, LinkedIn, and
WhatsApp. The distribution was accompanied by a concise description
that outlined the research objectives, with the intention of providing
potential participants with pertinent information and facilitating their
voluntary participation. Furthermore, a QR code was generated using
Nimble Links, with the purpose of directing participants to the ques-
tionnaire directly. The QR code was then customised visually through
the utilisation of Canva, a web-based graphic design tool. The distri-
bution of this QR code occurred in two primary modalities: firstly,
through digital means on social media platforms, and secondly, via
physical medium in the form of printed posters that were affixed to
university notice boards and other locations with high visibility. The
sampling method that was employed was a non-probabilistic technique
known as snowball sampling (Goodman, 1961), whereby initial re-
spondents recruit further participants from their social networks. The
questionnaire was administered to Italian-speaking adults, reflecting the
study's focus on Italian consumer dietary behaviour. A total of 470 valid
responses were collected and analysed. Participants were invited to
evaluate their level of WTT and WTB four types of pasta enriched with
alternative proteins.

The distribution of participants across the experimental groups is

Table 1
Distribution of respondents by information treatment and age.
Type of treatment Number of Percentage Mean Standard
respondents (%) age deviation (s.
d)
No information 125 26.5 35.2 135
(control)
Environmental 115 24.5 35.3 14.7
benefits (info_env)
Nutritional benefits 115 24.5 34.6 12.9
(info_nut)
Combined 115 24.5 32 11.5

environmental and
nutritional benefits
(info_both)
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reported in Table 1.

2.2. Questionnaire design

The questionnaire, entitled “Alternative proteins in food”, was
developed to investigate consumer behaviour regarding products con-
taining alternative protein sources. The instrument was meticulously
structured into six sections, enabling a comprehensive profiling of re-
spondents and their dietary habits, with a particular focus on assessing
how different types of information might influence WTT and WTB pasta
made with four alternative proteins: insects, algae, hemp, and peas. The
full version of the questionnaire can be found in Appendix A.

At the outset, respondents confirmed that they were at least 18 years
of age, had reviewed a privacy statement, and had provided informed
consent. Participation was voluntary, anonymous, and free of charge,
with an estimated completion time of 10-15 min. The initial substantive
section collected quantitative (specifically, age) and categorical data
(gender with inclusive options, education level, and nationality). This
was complemented by the collection of descriptive qualitative data
(dietary habits, dietary restrictions, food purchasing and preparation
habits). As demonstrated in Table 2, dietary profiles were identified
using ten predefined options, thus allowing for the classification of re-
spondents as omnivores, flexitarians, vegetarians, or vegans. Further-
more, any specific dietary restrictions for religious, medical, or health
reasons were also documented (De Backer and Hudders, 2015).

The third section of the study evaluated respondents’ familiarity
with 20 distinct protein-rich foods, utilising a five-point scale ranging
from 1 = “do not know” to 5 = “consume regularly”. This facilitated
comprehension of the baseline exposure and openness to diverse protein
sources within the sample. The 20 protein rich foods were: high protein
bread, high protein bars, high protein breakfast mixes (e.g. pancakes,
porridge), high protein pasta, high protein spreads, high protein salty
snacks (e.g. crackers, taralli, chips), high protein milk, high protein
plant based drinks, high protein kefir, high protein biscuits, high protein
jams, high protein puddings/yoghurt, high protein wafers, high protein
muesli/cereals, high protein breadsticks, high protein water, high pro-
tein croissants, high protein wrap, high protein soups, high protein
pizza/cake. The centrality of the questionnaire to the study is evidenced
by the experimental manipulation of information, which was achieved
by randomly assigning participants to one of four informational treat-
ments. The control group (no_info) received no additional information,
responding solely based on their own knowledge and perceptions. The
environmental treatment (info_env) presented a concise text and info-
graphic that emphasised the environmental benefits of alternative pro-
teins, including a reduction in ecological impact. The nutritional
treatment (info_ nut) provided information on the health benefits of
alternative proteins, emphasising their contribution of essential nutri-
ents within a balanced diet. The combined treatment (info_both)
included both environmental and nutritional information, with each

Table 2
Response options for identifying the diet followed by the respondent.

Text of the answer options in Italian Corresponding food

regime

Omnivorous diet

Flexitarian diet®
)

I eat both meat (both red and white meat) and fish.

1 eat meat, but I don't eat fish.

1 limit my meat consumption, but I eat it occasionally.

I don't eat red meat, but I eat fish and poultry.

1 don't eat red meat or poultry, but I eat fish.

1 only eat unprocessed, organic, and locally sourced foods,
mostly plant-based but including some types of meat.

I don't eat meat or fish, but I eat eggs and dairy products.

1 don't eat meat, fish, or eggs, but I eat dairy products.

1 don't eat meat, fish, or dairy products, but I eat eggs.

I don't eat meat or any animal-derived products.

Flexitarian diet’
Flexitarian diet”
Flexitarian diet®
Flexitarian diet”

Vegetarian diet
Vegetarian diet
Vegetarian diet
Vegan diet

@ The flexitarian diet is a predominantly vegetarian diet, but with occasional
consumption of meat and fish.
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component accompanied by an infographic, thus providing the most
comprehensive overview of the potential benefits of alternative protein
sources. The experimental design enabled the study to assess not only
the overall effect of information but also to distinguish between the
impacts of environmental and nutritional messaging. The two info-
graphics can be found in Figs. 1 and 2.

The questionnaire comprised a section pertaining to WI'T and WTB
of four distinct types of protein pasta, formulated with four alternative
protein sources: namely, fusilli with cricket flour, fusilli with spirulina
algae, fusilli with hemp seed flour and fusilli with pea flour.

Following the informational treatments, respondents were shown
images, and ingredient lists for four types of protein enriched fusilli:
cricket flour (see Fig. 3), Spirulina (see Fig. 4), hemp seed flour (see
Fig. 5), and pea flour (see Fig. 6). For each product, participants were
invited to indicate their WTT and WTB for the products, using a five-
point Likert scale in which with 1 indicated “not at all” and 5 indi-
cated “definitely”. This approach furnished both visual and verbal cues,
ensuring that respondents could make informed and realistic
assessments.

The questionnaire incorporated three attitudinal scales with the
objective of evaluating consumer dietary habits and behaviours towards
food and alternative proteins. The present approach was adopted to
provide in-depth insights into participants' attitudes and perceptions. All
psychometric instruments were administered using validated Italian
versions, including the Food Neophobia Scale (Laureati et al., 2015), the
General Health Interest subscale of the Health and Taste Attitude Scale
(Saba et al., 2019), and the Food Consumption Sustainability Scale
(Endrizzi et al., 2021). The initial scale employed was the Food Neo-
phobia Scale (FNS), which was developed by Pliner and Hobden (1992)
to assess individuals’ reluctance to experiment with new foods (Pliner
and Hobden, 1992). The FNS is comprised of ten items, with five
items reflecting neophobic behaviours and five reflecting neophiliac
tendencies (Szakaly et al., 2021). The FNS employs a five-point Likert
scale ranging from “strongly disagree” to “strongly agree”. This scale is
particularly relevant for understanding consumer response to alterna-
tive proteins, as it helps categorise participants into neophobic, neutral,
or neophiliac groups based on their scores. The second scale was the
Health and Taste Attitude Scale (HTAS), originally developed by
Roininen et al. (1999) to assess the importance consumers place on
health and taste in food choices. The HTAS comprises two primary di-
mensions, namely Health and Taste, each of which is further subdivided
into three subscales (Roininen et al., 1999). In this study, eight items
pertaining to the General Health Interest dimension were employed, and
they were evaluated on a five-point Likert scale, where 1 indicated “not
at all agree” and 5 “strongly agree”. The HTAS provides valuable in-
formation on how participants balance health considerations and taste
preferences, which is crucial for evaluating perceptions of alternative
proteins in terms of both nutritional benefits and palatability. The third
scale, the Food Consumption Sustainability Scale (FCSS), measures at-
titudes towards food sustainability. The study comprised 18 items, with
respondents evaluating their level of agreement or disagreement with
positive and negative statements concerning local food, environmen-
tally friendly catering, and household food waste. The data were
collected using a five-point Likert scale (Endrizzi et al., 2021). This scale
provides insights into how participants perceive the environmental and
social impacts of their food choices, thereby informing the under-
standing of attitudes towards the sustainability of alternative protein
sources. The selection of these scales was made because of their capacity
to capture nuanced consumer attitudes, thereby facilitating a compre-
hensive analysis of perceptions and behaviours related to alternative
protein sources. Responses were aggregated to generate overall scores
for food neophobia, health and taste attitudes, and sustainability per-
ceptions. These scores were then analysed in conjunction with de-
mographic and behavioural variables to identify significant patterns and
trends in consumer behaviour.
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Fig. 1. Infographic associated with treatment info_eny.

r Microalgae

Fig. 2. Infographic associated with treatment info_nut.
2.3. Statistical analysis

The analysis of the data obtained was conducted using R software
(version 2024.12.0 + 467), an open-source statistical computing and
programming environment. The main variables subjected to statistical
analysis were as follows:

e dependent variables: WIT and WTB for pasta containing proteins
from insects, algae, hemp, and peas;

e independent variables: informational treatments, Food Neophobia
Scale (FNS), Food Consumption Sustainability Scale (FCSS), and
General Health Attitude Scale (HTAS);

e demographic variables: age, gender, education level, dietary habits,
and familiarity with protein products.

Regarding attitude scales, a key aspect is the calculation of Cron-
bach's o, a statistical index used to assess the reliability of attitude scales
(Cronbach and Gleser, 1957). The FNS scores, as well as the FCSS and
HTAS scores, were calculated by inverting the scores for the “opposite”
items. Subsequently, the sum and average of the scores for each subject
were calculated to obtain not only a variable categorising the re-
spondents according to a “high”, “medium” or “low” level of attitude,
but also an index suitable as a variable in linear regression models. The
Chi-squared test was employed to ascertain whether there were any

Fig. 3. Fusilli with cricket flour. Ingredients: durum wheat semolina (90%),
powdered crickets (Acheta domesticus) (10%).
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&

Fig. 4. Fusilli with Spirulina algae. Ingredients: brown rice flour (98%), Spir-
ulina algae (2%).

-

Fig. 5. Fusilli with hemp seed flour. Ingredients: durum wheat semolina (80%),
hemp seed flour (20%).

statistically significant differences in distribution between the treatment
groups in relation to variables such as gender, age, diet and the cate-
gorisation variables (high, medium, low level) associated with the three
scales FNS, FCSS and HTAS. The results of all these tests were
non-significant (p > 0.05), indicating that there were no differences in
the distribution between the four groups for these variables. Conse-
quently, it can be deduced that the groups are distributed uniformly, and
that the analysis can proceed.

Subsequently, a one-way analysis of variance (ANOVA) was con-
ducted to assess the effect of information on WTT and WTB.

Multiple linear regression models were performed to evaluate the
effects of informational treatments, the psychometric scale scores (FNS,
HTAS, and FCSS), and their interaction terms on participants' WTT and
WTB for the four alternatives of protein-based pasta products.
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Fig. 6. Fusilli with pea flour. Ingredients: pea flour (100%).

Interaction terms were included to assess whether the effect of the
informational treatments differed according to participants' levels of
food neophobia, health interest, and sustainability attitudes. Additional
regression models including the interaction between informational
treatment and familiarity with high-protein pasta were fitted to explore
whether the effect of information varied according to participants' prior
familiarity with this product category. Because no product-specific fa-
miliarity measure was available, familiarity with protein pasta was used
as the closest proxy. The complete regression results are reported in
Appendix B and C of the Supplementary Materials. Finally, to identify
distinct consumer profiles based on their attitudes toward protein-
enriched pasta, a cluster analysis was performed. The variables
included in the segmentation were the WIT and WTB for the types of
protein pasta, the mean scores of three psychometric scales, as well as
participants’ gender and age class. Since the dataset contained both
numerical (scale indices) and categorical (gender, age class) variables,
the Gower distance was computed to account for mixed data types.
Subsequently, a Partitioning Around Medoids (PAM) algorithm was
applied to identify homogeneous groups of consumers. The optimal
number of clusters was determined using the average silhouette width
criterion (evaluated for k = 2-8) (Van der Laan et al., 2003). Cluster
solutions were interpreted by comparing the mean values of WTT, WTB,
and the three attitudinal indices (FNS, FCSS, HTAS) across clusters, as
well as by examining their socio-demographic composition. Following
cluster identification, the two consumer segments were statistically
compared using Mann-Whitney U tests to assess differences in WTT,
WTB, FNS, HTAS, and FCSS. Rank-biserial correlation coefficients were
calculated as measures of effect size, and p-values were adjusted using
the Benjamini-Hochberg procedure to account for multiple testing.

3. Results
3.1. Sociodemographic characteristics of respondents

As illustrated in Table 3, respondents to the questionnaire are char-
acterised by significant diversity regarding age, gender, geographical
location, level of education and household responsibilities.

A substantial portion of the sample was female, accounting for 62.8%
of the participants. The male demographic constituted 35.5% of the
study's participants, while the non-binary and undisclosed gender cat-
egories accounted for 1.7% and 0% of the sample, respectively. This
increased level of female participation is consistent with trends
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Table 3
Descriptive table of the composition of the panel of questionnaire respondents.

Variable Females Males Non-binary/ Total
(n = 295) (n=167) Prefer not to (n=470)
answer
(n=28)
% % % %

Gender 62.8 35.5 1.7 100
Age category
18-30 50.5 48.5 66.6 50.2
31-45 25.4 31.7 - 27.2
46-60 17.6 16.8 16.7 17.2
61-75 6.5 3.0 16.7 5.4
Area of residence
North-West 18.0 10.8 25.0 15.5
North-East 47.8 42.5 50.0 46.0
Centre 6.4 13.8 12.5 9.1
South 20.3 19.8 - 19.8
Islands 3.8 7.1 - 4.9
Respondents of non-Italian
Nationality 3.7 6.0 12.5 4.7
Level of education
Primary school 0.7 - - 0.4

diploma
Secondary school 2.7 1.8 - 2.3

diploma (Middle

school)
High school diploma 29.5 40.1 37.5 33.4
Bachelor's degree 18.3 16.2 37.5 17.9
Master's degree 39.3 335 - 36.6
PhD 9.5 8.4 25.0 9.4
Purchase of food products
Only I am responsible ~ 29.5 19.1 12,5 25.5

for the purchase of
food products
I take care of it, 63.7 67.7 62.5 65.1
together with other
people (parent,
housemate, etc.)

I do not deal with it 6.8 13.2 37.5 9.4
Cooking

Only I do the cooking 29.5 22.8 25.0 27.0
I take care of it, 63.4 58.1 62.5 61.5

together with other
people (parent,
housemate, etc.)
I do not deal with it 7.1 19.1 12,5 11.5

commonly observed in nutrition-related research. With respect to age
distribution, most respondents were young adults aged 18 to 30 years
(50.2%), followed by those aged 31 to 45 (27.2%). Older age groups,
including those aged 46-60 and 61-75, were underrepresented, ac-
counting for 17.2% and 5.4%, respectively. This finding suggests that
the sample was predominantly younger and potentially more open to
exploring new food products.

With respect to geographical location, the largest portion of re-
spondents resided in north-eastern Italy (46%) and southern Italy
(19.8%), with a smaller proportion hailing from central Italy and the
islands. This regional distribution is presumably indicative of the origin
of the sample, which was initiated at the University of Bologna, resulting
in social networks concentrated primarily in these areas. About educa-
tional attainment, a considerable proportion of respondents had ob-
tained a master's degree (36.6%) or a bachelor's degree (17.9%), thereby
indicating that the sample comprised individuals of a high educational
calibre. Furthermore, 9.4% of respondents had postgraduate speciali-
sations, suggesting a consumer base with a greater interest in scientific
and nutritional information.

Responsibilities within the household were also analysed. Approxi-
mately 25.5% of respondents reported being solely responsible for
grocery shopping, while 65.1% shared this task with others. Further-
more, the data indicates that 61.5% shared cooking duties, suggesting a
collaborative approach to decision-making within these households.
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3.2. Familiarity with high-protein products

As illustrated in Table 4, the proportions of participants who
demonstrated a high level of familiarity (scores 4 and 5) and low level of
familiarity (scores 1 and 2) with the selected products are summarised.

Protein bars were the most recognised product, with 50% of re-
spondents reporting high familiarity, while only 10% were unfamiliar
with them. The consumption of protein snacks was also found to be a
fairly common practice, with 40% of respondents indicating a high level
of familiarity. However, it is noteworthy that 15% of respondents re-
ported a lack of familiarity with this product category. Conversely, the
levels of familiarity exhibited by protein water and protein croissants
were found to be minimal. A mere 5% and 8% of respondents, respec-
tively, reported a high level of familiarity, while the majority (80% and
70%) were reported to be unfamiliar. Fig. 7 illustrates the familiarity
levels of the subjects with all the protein products included in the
questionnaire. The data demonstrate that levels of familiarity were
found to be relatively low among the participants in the study. Most
responses were allocated to the lower categories. Most responses clus-
tered in the lower categories (1, 2 and 3), particularly in relation to the
products included in the “bakery and staples” food category.

3.3. Effect of information on willingness to try and willingness to buy

As illustrated in Fig. 8, a boxplot analysis was conducted to assess the
WTT for four distinct categories of protein-enriched pasta, namely, pasta
containing seaweed, hemp, insects, and peas. The analysis was stratified
based on the type of information provided to participants, categorised as
follows: no information (no_info), environmental information (info_env),
nutritional information (info_nut), and a combination of both (info_both).
The x-axis indicates the information treatment (a categorical variable
coded from O to 3), while the y-axis denotes the ordinal WTT scores
(ranging from 1 to 5) for each pasta type. In the boxplot, the black line
indicates the mean, with the edges of the box representing the range of
variability. The impact of information, as measured by the WTT,
exhibited variation across different pasta types. The WTT values of
seaweed and hemp pasta were found to be relatively high and stable
(between 3 and 5), regardless of the provided information. The insect
pasta demonstrated greater variability and generally lower WTT values
(ranging from 1 to 4), with a slight, non-significant increase in WTT
when nutritional information was provided. Pea pasta exhibited the
highest WTT overall, with an average of approximately 4 and minimal
variability (3 to 5). The presence of outliers was indicated by points that
lay outside the confines of the boxes. Statistical significance was
assessed using a p-value threshold of 0.05 for rejecting the null hy-
pothesis of no group differences. The analysis revealed that nutritional
information alone had a statistically significant effect on the WTT for
pea pasta (p = 0.015). The findings revealed that no statistically sig-
nificant effect of environmental information, either alone or combined
with nutritional information, was detected on WTT. The results are
presented in Table 5.

Fig. 9 presents a boxplot illustrating the WTB of four types of protein-
enriched pasta (with seaweed, hemp, insects, and peas) according to the
type of information provided: no information, environmental informa-
tion, nutritional information, and both combined. Pasta with seaweed
and hemp demonstrated average WTB values of approximately 3, with
variability between 2 and 4. The study indicated that information had a

Table 4
Familiarity levels of participants with certain protein products.

Product High familiarity (%) Low familiarity (%)
Protein bars 50 10
Protein snacks 40 15
Protein croissants 8 70
Protein water 5 80
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Familiarity ranking of protein products by category

Protein water
Protein croissant
Protein wafer
Protein breadsticks
Protein wrap
Protein jam
Protein pizza or flatbread
Protein soup
Protein kefir
Protein bread
Protein milk
Protein pasta

Product category

. Bakery & staples

. Sweet snacks & spreads
. Breakfast cereals & mixes
. Dairy & fermented

Protein biscuits

. Drinks (non-dairy)

Protein granola or breakfast cereals
. Savory snacks & ready meals

Protein plant-based drinks

Protein spreads

Breakfast protein preparations (e.g. pancakes, porridge)
Protein yogurt or pudding

Protein salty snacks (e.g. crackers, taralli, chips)

Protein bars

=3

1 2
Average familiarity (1-5)

w

Fig. 7. Graph on the level of familiarity towards protein products.

Willingness to Try (WTT)

Seaweed-based pasta Hemp-based pasta

Insect-based pasta

Pea-based pasta

2 o
1 o
no_info info_env info_nut info_both no_info info_env info_nut info_both

Information treatment

Fig. 8. Boxplot on the WTT for the four types of protein pasta, in relation to the informative treatments.

for pea pasta (p = 0.0163, p < 0.05). No statistically significant effect of
environmental information on WTB was detected in the present sample.

The study revealed a statistically significant influence of informa-
tional treatments on the WTT pea pasta (p < 0.05). The participants’
responses indicated a favourable reception of the nutritional informa-

Table 5
Regression models for WTT and WTB of pea-based pasta.

Dep. Variable: WTT  Pea-based pasta Dep. Variable: WTB  Pea-based pasta
a a

info_env 0.1391 (0.153) info_env 0.1329 (0.167) tion provided. Furthermore, the WTB pea pasta was found to be signif-
PI;O-Z”; 8.(3);:2 ;0((1)';;)3) l_";o-;m;l 8"1‘32‘; EO((;'6176)7) icantly higher among subjects exposed to the “info_nut” treatment
mnjJo_boi B . mnyo_bo . . . oy . .
Constant 4.000 ** (0.106)  Constant 3.528 ** (0.115) (p < 0.05), suggesting that the nutrltlor%al. approe%ch'a'llgns Wlt.h ?on-

sumers' health-related concerns. No statistically significant variations
R? 0.0134 R? 0.0126

were observed between the treatments for pasta made from seaweed,
hemp, or insects.

**p < 0.01, *p < 0.05.
@ Robust standard error in brackets.

minimal effect on their WTB. The insect pasta exhibited the lowest WTB, 3.4.  Effect of attitudes on willingness to try and willingness to buy

with an average of 2 and a range from 1 to 3. Once more, the impact of
information was limited. Pea pasta demonstrated the highest WTB
among all types, with an average of 4 and variability between 3 and 5.
The regression results in Table 5 indicated that nutritional information
was the only factor to have a statistically significant effect on the WTB

A Chi-square test was conducted to determine whether there were
significant differences in the distribution of the treatment groups in
relation to the variables of gender, age, diet, and the categorisation
variables (high, medium or low level) associated with the three scales
(FNS, FCSS and HTAS). As all results were non-significant (p > 0.05),

N
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Willingness to Buy (WTB)
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Fig. 9. Boxplot on WTB for the four types of protein pasta, in relation to information treatments.

there were no differences in distribution between the four groups for
these variables, indicating homogeneity.

The Food Neophobia Scale has an alpha value of 0.89, which in-
dicates high internal consistency and suggests that the scale reliably
measures food neophobia. The Food Consumption Sustainability Scale
demonstrated an alpha value of 0.78. Although this is lower than that of
the FNS, it remains within acceptable limits and reflects adequate in-
ternal consistency. The Health and Taste Attitude Scale has an alpha
value of 0.82, which is indicative of good reliability and falls within the
excellent range for psychometric scales (Cronbach, 1951). In terms of
descriptive statistics, the mean of the FNS varies from low to high

depending on the information treatment, while the FCS demonstrates a
strong correlation with the WTT. The HTAS demonstrates a moderate
influence over information treatments, indicating that general health
interest has a significant, albeit not dominant, effect on the measured
behaviours or attitudes.

The neophobia scale was incorporated into the questionnaire with
the objective of revealing potential correlations between consumer re-
sponses, such as WTT and WTB, and neophobia scores. The hypothesis is
that individuals with lower WTT and/or WTB scores will be more neo-
phobic than those who are more willing to try or purchase the four types
of pasta considered. As demonstrated in Fig. 10, the three categories of

Distribution of respondents across category levels

100%

34.3%

38.5%

75%

50%

Share of respondents

25%

0%

FNS FCS

29.1% 36%

37.9%

Category

Low

Medium

. High

34.7%

HTAS

Fig. 10. Distribution of respondents across category levels for FNS, FCS and HTAS.
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neophobia are distributed evenly across the population. However, the
combined low-to-medium neophobia group (29.1% + 38.5%) exhibited
a higher proportion than the medium-to-high group (61.4%). The
analysis of FNS comprised the following steps: firstly, the reversal of
certain items; secondly, the summation of individual item scores for
each respondent; thirdly, the categorisation of respondents using quar-
tiles; fourthly, the calculation of an index based on the mean item scores;
and finally, the confirmation of scale reliability with a Cronbach's alpha
of 0.89. Consumers who exhibited low levels of neophobia, as indicated
by low FNS scores, demonstrated significantly greater openness to
consuming the four types of pasta, particularly the insect- and seaweed-
based varieties. This phenomenon was reflected in their higher WTT and
WTB scores, in comparison to those of consumers with a high level of
neophobia. Conversely, participants with higher FNS scores were asso-
ciated with lower willingness to try and buy the products and appeared
less responsive to the informational treatments.

The second psychometric scale employed was the Food Consumption
Sustainability Scale, the purpose of which was to reveal how consumer
responses varied depending on the information they received. It was
hypothesised that participants exposed to environmental information
would give more positive responses on the FCSS and that those with high
WTT and/or WTB scores would demonstrate a particular interest in
environmental issues. As can be seen in Fig. 10, most of the population
(36%) exhibits a medium level of interest in sustainability topics, fol-
lowed by low (34.3%) and high (29.8%) levels. The Cronbach's alpha
coefficient was calculated at 0.78, indicating good internal consistency.
Higher FCSS scores were positively associated with WTT and WTB.

The third attitudinal scale employed was the General Health Interest,
which aimed to explore the correlations between consumers' opinions on
health-related food and their attitudes towards the alternative products
studied here. Furthermore, the questionnaire was utilised to assess the
consistency of respondents throughout the study. For instance, it was
hypothesised that health-conscious consumers would be more inclined
to sample alternative protein products, particularly when presented
with nutritional information. The taste dimension of the HTAS was
excluded from this thesis as it was not covered by the questionnaire
(Roininen et al., 2001). In Fig. 10 it is shown that most respondents
reported a low level of interest in general health (37.9%), followed by a
medium level (34.7%) and a high level (27.4%). Cronbach's alpha for
this scale was 0.82, indicating good reliability. A high score on the HTAS
was found to positively influence the WTT pea and hemp pasta products.
A marginally significant interaction (INFO*HTAS) was observed for
seaweed, hemp and peas pasta, suggesting that health-conscious con-
sumers may respond more favourably to nutritional information than
other consumer groups.

Additional regression models were fitted to investigate whether the
effect of informational treatments was moderated by familiarity with
high-protein pasta. Familiarity showed a significant positive association
with both willingness to try and to buy across most products. However,
no significant interaction between nutritional information and famil-
iarity was observed for pea-based pasta (both p > 0.05), indicating that
the positive effect of nutritional information was not dependent on
participants’ familiarity with high-protein pasta.

Finally, the cluster analysis yielded a two-cluster solution that pro-
vided the best balance of compactness and separation according to the
average silhouette width. The two segments differed substantially in
their behavioural responses toward protein-enriched pasta products and
in their attitudinal profiles. To statistically validate the identified seg-
mentation, formal comparisons between clusters were performed. Sig-
nificant differences were observed for all WTT and WTB measures (all
adjusted p < 0.001), with large effect sizes (rank-biserial correlation
ranging from 0.55 to 0.81). The two clusters also differed significantly in
food neophobia (adjusted p < 0.001), whereas no significant differences
were found for sustainability attitudes (FCSS, p = 0.20) or general health
interest (HTAS, p = 0.19). The results are reported in Table 6. In Fig. 11,
a schematic graphic representation of the two consumer clusters
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Table 6
Statistical comparison between the two consumer clusters identified by the PAM
analysis.

Variable Adjusted p- Rank-biserial Interpretation
value” correlation
WTT - Insect pasta <0.001 0.696 Large
WTB - Insect pasta <0.001 0.679 Large
WTT - Seaweed <0.001 0.804 Large
pasta
WTB - Seaweed <0.001 0.754 Large
pasta
WTT — Hemp pasta <0.001 0.809 Large
WTB — Hemp pasta <0.001 0.779 Large
WTT — Pea pasta <0.001 0.579 Large
WTB - Pea pasta <0.001 0.547 Large
FNS <0.001 0.446 Moderate-large
FCSS 0.201 0.068 Negligible
HTAS 0.188 0.073 Negligible

# Adjusted p-values were calculated using the Benjamini-Hochberg proced-
ure. Effect sizes are reported as rank-biserial correlation coefficients. Values of |
r| ~ 0.10, 0.30, and 0.50 indicate small, moderate, and large effects,
respectively.

identified is presented. Cluster 1, including “Open-minded” consumers
exhibited consistently higher scores across all willingness measures.
Their mean WTT values ranged between 3.79 for insect-based pasta and
4.74 for pea-based pasta, while mean WTB ranged between 2.96 and
4.30. This group also showed markedly lower food neophobia (mean
FNS index = 1.81), together with relatively higher sustainability
concern (FCSS index = 3.73) and general health interest (HTAS
index = 3.30). Demographically, Cluster 1 included a larger share of
younger respondents. Overall, this cluster represents consumers who are
highly receptive to novel protein sources and display a strong behav-
ioural openness toward both plant- and insect-derived protein products.
Cluster 2, including “Cautious traditionalist” consumers showed
considerably lower willingness across all four product types, with WTT
means ranging from 1.87 for insect-based pasta to 3.49 for pea-based
pasta, and WTB averages from 1.45 to 3.04. When examining gender
distribution separately, female respondents were almost evenly split
between the two clusters (49.8% in Cluster 1 and 50.2% in Cluster 2),
whereas male respondents showed a more asymmetric pattern, with a
higher proportion assigned to Cluster 1 (58.1%) compared with Cluster
2 (41.9%). Food neophobia was substantially higher in this segment
(FNS index = 2.43), indicating greater reluctance toward unfamiliar
foods, whereas sustainability and health orientation (FCSS index = 3.68;
HTAS index = 3.22) were comparable to Cluster 1. This suggests that
attitudinal concern for sustainability and health is not in itself sufficient
to drive product adoption when openness to novelty is low. Cluster 2
included a higher proportion of middle-aged participants and appears to
reflect a more conservative consumer profile. Taken together, these re-
sults reveal two clearly differentiated segments: one that is innovation-
oriented and displays strong interest in alternative protein sources, and
another that remains hesitant despite holding moderately favourable
sustainability and health attitudes. These patterns highlight the rele-
vance of behavioural dispositions - particularly food neophobia - in
shaping consumers’ receptiveness to novel protein-enriched products.

4. Discussion

The findings demonstrate that the propensity of our sample of Italian
consumers towards pasta formulated with alternative protein sources is
influenced by a multitude of factors. These include familiarity with such
ingredients, the effectiveness of nutritional and environmental infor-
mation, and individuals’ attitudes towards health, sustainability, and
novel foods.

The analysed sample demonstrates a greater familiarity with and
openness to traditional plant-based protein sources, such as pulses.
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Open-minded
248 respondents

Age: 18-35
Gender: F —49.8% /M
—58.1%
* Higher willingness to
try and buy
Low food neophobia
Moderate-high attitude
for sustainability
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*  Curious and innovative
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Cautious traditionalist
222 respondents

&
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*  Gender: F—50.2% /M
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Lower willingness to try
and buy
High food neophobia

*  Moderate attitude for
sustainability

*  Moderate health interest
Conservative and
hesitant consumer

Fig. 11. Schematic graphical representation of the two identified consumer clusters, including their relative size and proportion with respect to the total sample.

Additional analyses showed that the positive effect of nutritional in-
formation on pea-based pasta was not significantly moderated by fa-
miliarity with high-protein pasta. Therefore, although familiarity itself
was positively associated with behavioural intentions, it does not appear
to fully explain the observed effect of nutritional information. Specif-
ically, since familiarity was assessed at the level of high-protein pasta
rather than of each alternative protein source, our findings should be
interpreted cautiously. Nevertheless, there remains a degree of hesi-
tancy and scepticism about more innovative ingredients, such as algae
and insects. This finding is consistent with previous studies that have
identified food neophobia as a significant obstacle to the acceptance of
novel foods, particularly when such ingredients are considered as
culturally “foreign” (Pliner and Hobden, 1992; Siegrist and Hartmann,
2020; Van der Stricht et al., 2024). Indeed, neophobia has been shown
to significantly reduce the WTT products containing edible insects or
algae, especially in Mediterranean countries where these foods are not
part of the traditional diet (Di Nucci et al., 2023; Mancini and Antonioli,
2020; Sogari et al., 2019).

The present findings suggest that informational treatments did not
influence all alternative protein source equally. Nutritional information
significantly increased willingness to try and buy pea pasta, whereas no
statistically significant effects of environmental information were
detected in the present sample. This pattern may indicate that, within
the surveyed sample, consumers placed greater emphasis on nutritional
aspects than to environmental benefits when evaluating pea-based
pasta. However, this interpretation should be considered with caution
given the exploratory nature of the study and the absence of significant
effects for environmental information. This finding is consistent with the
observations of Hartmann and Siegrist (2017), who noted that clear
communication about the health and environmental advantages of
alternative proteins can mitigate initial resistance and promote a more
receptive stance towards novel foods (Hartmann and Siegrist, 2017). For
example, a study by Menozzi et al. (2017) indicates that exposure to the
nutritional and environmental benefits of insects can lead to a reduction
in food neophobia and improvement in acceptance. Furthermore, it has
been demonstrated that information campaigns and tasting experiences
can increase consumer acceptance, particularly among those who are
initially hesitant (Gassler and Teuber, 2025; Jiirkenbeck, 2023; Mancini
and Antonioli, 2020).

The results of the study indicated that individual attitudes played a
pivotal role in the decision-making process. Participants who expressed
a high level of interest in health and sustainability, and low levels of food
neophobia, were significantly more likely to try and purchase the
different types of protein pasta. This result indicates that consumers who
are highly aware of sustainability issues are more likely to consider food
alternatives that minimise environmental impact. Furthermore, the
environmental information treatment had the strongest effect on this
group, suggesting that sustainability-conscious consumers are more
likely to be open to eco-friendly products, especially insect-based pasta.
The absence of significant interactions for certain pasta types suggests
that these consumers may already have established preferences. While
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they are open to sustainable products, their choices may be influenced
by other factors such as taste, prior experience, or familiarity. Conse-
quently, the provision of additional information alone may not signifi-
cantly alter their purchasing intentions, as their decisions are guided by
firmly held values and beliefs. This finding is consistent with the ob-
servations reported by Onwezen et al. (2021), who determined that
health and environmental concerns represent pivotal factors in the
acceptance of alternative proteins, while food neophobia and disgust
have been identified as significant inhibitors. Similarly, consumers
reporting greater interest in health tended to express higher willingness
toward pea- and hemp-based pasta, products commonly perceived as
healthier alternatives. Although nutritional messages appeared to be
more effective among these individuals, only limited evidence of inter-
action effects emerged, indicating that health interest alone may not
fully explain the observed behavioural intentions.

Although disgust has consistently been identified as a major barrier
to the acceptance of insect-based food in previous research, it was not
directly assessed in the present study. Therefore, its potential contri-
bution to the low willingness to try and buy insect-based pasta cannot be
confirmed and should be interpreted as a plausible explanation rather
than a demonstrated mechanism. This behaviour aligns with current
trends, whereby a growing number of Italians are demonstrating a
greater interest in foods that not only satisfy their nutritional re-
quirements but are also perceived as being beneficial to their health (Di
Veroli et al., 2025). Participants with lower food neophobia scores also
appeared to respond more positively to combined informational treat-
ments, suggesting that well-structured communication may reinforce
favourable behavioural intentions among consumers who are already
relatively open to novel foods. Conversely, participants with higher
neophobia remained less responsive to the information provided. Since
food neophobia is shaped by both cultural background and previous
food experiences, educational initiatives and gradual exposure to
alternative protein products may contribute to reducing resistance over
time (Hartmann and Siegrist, 2017). In contrast, individuals demon-
strating higher levels of resistance to food novelties or assigning minimal
significance to health and environmental concerns exhibited a reduced
propensity to procure such items, particularly the more pioneering
variants, such as insect-based pasta (La Barbera et al., 2018). Generally,
this aligns with the Theory of Planned Behaviour, which hypothesises
that individuals with strong environmental values are more likely to
demonstrate eco-friendly behaviours. A study by Kendall et al. (2024)
highlights how sustainable consumption fits within the broader context
of socio-ecological food provisioning systems.

The findings demonstrate that the behavioural intentions toward
alternative protein sources are not solely determined by the intrinsic
characteristics of the product itself. Instead, it is influenced by the
informational context and personal attitudes of consumers. The capacity
for positively influencing food choices through targeted communication
strategies is identified as a key strength for promoting the transition
towards more sustainable dietary models (Hartmann and Siegrist, 2017;
Hoekstra, 2015; Sautron et al., 2015). The cluster analysis revealed two
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consumer segments that differed systematically in their behavioural
responses to protein-enriched pasta and in the psychological constructs
underlying food adoption intention. Consistent with previous literature
(Kamei et al., 2024; Vermetten et al., 2026), food neophobia emerged as
the primary discriminant, with Cluster 1 showing markedly lower neo-
phobia scores and substantially higher willingness across all protein
sources. Despite comparable levels of sustainability concern and general
health interest between clusters, only Cluster 1 translated these attitudes
into behavioural intention. This supports evidence that general
pro-sustainability or health-oriented dispositions are insufficient pre-
dictors of adoption of novel proteins, unless accompanied by low
perceived novelty risk and high openness (Laureati et al., 2024). The
robustness of this pattern across all four protein types - including insect-
and seaweed-based pasta - further highlights the centrality of
neophobia-related mechanisms in early-market potential. Cluster 2
exhibited consistently lower behavioural intention and higher neo-
phobia, aligning with prior findings showing that neophobic consumers
overestimate sensory, safety and symbolic risks associated with unfa-
miliar protein sources (Gomes de Souza et al., 2023). The slight age shift
toward older respondents in this segment is coherent with demographic
trends reported in acceptance studies on insects and algae (Schomaker
and Fiebelkorn, 2026). Overall, the two-cluster solution provides a
clear segmentation structure, reinforcing the pivotal role of trait-level
neophobia as a moderating variable between attitudinal dispositions
and behavioural intentions. These insights suggest that interventions
aiming to increase adoption - such as exposure strategies, familiarity
cues or sensory-based framing - should prioritise neophobic consumers,
as they constitute the main barrier to market penetration of alternative
protein products.

The evidence derived from this study offer insights and practical
directions for agri-food companies and policymakers. Firstly, it is
essential to allocate resources towards the development of products that
integrate alternative protein sources into widely consumed foods, such
as pasta. The centrality of pasta in the Italian diet renders it an ideal
vehicle for the receptiveness of innovative ingredients (Baccino, 2023;
Menozzi et al., 2021; Siegrist and Hartmann, 2020).

A second crucial aspect is communication. Previous studies sug-
gested that communication highlighting nutritional and environmental
benefits may increase consumer acceptance of alternative proteins
(Hartmann and Siegrist, 2017; Onwezen et al., 2021; Trudel, 2019). In
the present study, however, only nutritional information produced a
statistically significant effect, and only for pea-based pasta. By contrast,
no significant effects of informational treatments were observed for
seaweed-, hemp-, or insect-based pasta. One possible explanation is that
these products occupy opposite positions in terms of perceived famil-
iarity, with pea pasta representing a relatively familiar ingredient,
whereas insects and algae may still be perceived as highly novel by many
consumers. Under these conditions, informational messages alone may
be insufficient to substantially modify behavioural intentions. Infor-
mation campaigns should be tailored to different segments of the pop-
ulation, considering the different attitudes and levels of neophobia
present in the population (La Barbera et al., 2018).

Finally, the alternative protein market stands to benefit from the
implementation of food education strategies that target both consumers
and industry operators. The objective of these strategies should be
twofold: firstly, to reduce cultural prejudices and secondly, to increase
familiarity with these ingredients. Collaboration between companies,
institutions and academia is fundamental to promoting research, inno-
vation, and the dissemination of sustainable products, thereby contrib-
uting to a more ethical and environmentally friendly dietary transition
(Mancini and Antonioli, 2020; Menozzi et al., 2021).

5. Limitations and implications

Data were collected through an online questionnaire using a non-
probability snowball sampling strategy. Although this approach is
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appropriate for exploratory research, it may have introduced selection
bias and limits the generalizability of the findings. Recruitment through
social networks likely contributed to the predominance of young, highly
educated participants and to the geographical concentration in North-
Eastern Italy. Consequently, the results should be interpreted as repre-
sentative of the surveyed sample rather than of the Italian population.
Furthermore, the study evaluated stated willingness to try and willing-
ness to buy based on product descriptions and images rather than actual
sensory experience. Since sensory perception is a major determinant of
food acceptance, future studies should combine questionnaire-based
approaches with sensory evaluation to assess how product experience
influences consumer responses. The present study focused on a limited
number of alternative protein sources and a single food product.
Consequently, it is not possible to generalise the results to other food
categories or innovative protein sources. It is imperative to emphasise
that the questionnaire did not include any questions regarding expec-
tations concerning the participants' preferences for the different types of
pasta. Furthermore, no enquiries were made into the respondents' prior
experience with these four types of pasta. Consequently, the nutritional
information, particularly for pasta made with pea flour, may have
influenced WTT and WTB, in consideration of the Italian population's
likely greater familiarity with this food. It is important to stress that this
research evaluated stated behavioural intentions rather than actual
purchasing behaviour. Future experimental or market studies should
investigate whether these intentions translate into real purchasing de-
cisions. Another limitation is that the study did not include a validated
measure of food disgust. Since disgust has been recognised as an
important determinant of consumer responses towards novel foods,
future studies should include both food neophobia and disgust scales to
better disentangle their respective contributions to behavioural in-
tentions. In the end, because the Food Neophobia Scale was adminis-
tered after the informational treatments, it cannot be excluded that
exposure to the experimental information may have influenced partic-
ipants' responses. Therefore, the observed associations between food
neophobia and behavioural intentions should be interpreted with
caution and not as evidence of causality.

Despite the limitations of the study, its results hold significant im-
plications for future research and for the food industry. From a scientific
point of view, further research is necessary on larger, more represen-
tative samples. Further analysis of psychological and cultural barriers, as
well as the development of more effective communication strategies,
may contribute to a more profound understanding of the factors that
influence the consumers’ response to alternative proteins.

6. Conclusions

Within the surveyed sample of Italian consumers, pea pasta achieved
the highest WTT and WTB. Importantly, nutritional information signif-
icantly increased willingness only for pea pasta. Additional analyses
showed that this effect was not significantly moderated by familiarity
with high-protein pasta. This finding suggests that nutritional messages
may represent a more effective communication strategy than environ-
mental messages for pea-based pasta within the surveyed sample. Other
formulations - especially insect- and seaweed-based pasta - elicited
lower WTT and WTB values (around 2.0 - 3.0), suggesting that impor-
tant psychological barriers to acceptance remain. The analysis of con-
sumer attitudes showed that lower food neophobia was consistently
associated with greater openness toward alternative protein sources.
Consumers with low neophobia exhibited significantly higher willing-
ness across all protein types, while those with strong aversion to novelty
remained resistant even when exposed to positive information. Cluster
analysis revealed two distinct consumer profiles: “open-minded” in-
dividuals, characterised by low neophobia and higher health and sus-
tainability awareness, showed WTT means between 3.8 and 4.7 and
WTB between 3.0 and 4.3, whereas “cautious traditionalists,” with
higher neophobia levels, showed much lower scores. These patterns
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suggest that food neophobia may represent a stronger discriminator of
behavioural intentions than general health interest or sustainability at-
titudes within the surveyed sample. Consequently, targeted campaigns
on these food products could focus not only on informing consumers but
also on reducing neophobic reactions through media-mediated influence
of food professionals or influencers (marketing role) or, better, food
educations campaigns (cultural role). At the same time, the inclusion of
novel proteins must ensure adequate nutritional balance, especially in
meeting daily protein requirements, while potential risks of contami-
nation or allergenicity (e.g., in insects or algae) require strict quality
control and regulatory oversight. In this respect, the availability of
appropriate and sensitive methods for quality, authenticity, and safety
control represents a cornerstone for ensuring these aspects and for
fostering consumer trust. In conclusion, the promotion of alternative
protein sources through a health-oriented narrative, supported by
gastronomic innovation and consumer education, represents a concrete
pathway to facilitate their effective introduction in the Italian daily-diet.
Addressing both the psychological and informational barriers identified
in this study will be crucial to transform initial curiosity into widespread
adoption, ensuring that sustainability goals are achieved without
compromising food safety, nutritional adequacy, or culinary identity.

Implications for gastronomy

The introduction of alternative protein sources to pasta, a symbol of
the Italian culinary tradition, opens interesting and innovative scenarios
for gastronomy. Although Italian consumers are still somewhat reluctant
to the consumption of novel ingredients such as insects and algae, the
growing emphasis on health and food sustainability indicates that these
novel products may be adopted in gastronomy. In practice, the uti-
lisation of hemp, pea, seaweed or insect flours in the production of pasta
and other baked products allows chefs and caterers to propose innova-
tive dishes with an enhanced nutritional profile and reduced environ-
mental footprint. Gastronomic creativity can play a pivotal role in
overcoming cultural and sensory barriers associated with alternative
proteins by enhancing the taste, texture, and visual appeal of new in-
gredients through novel processing techniques and combinations.
Moreover, the foodservice sector is a pivotal setting for consumer edu-
cation regarding alternative proteins, thereby facilitating the normal-
isation of their incorporation into the diet and promoting awareness of
their substantial environmental and health benefits. A range of strategic
initiatives such as structured tasting events, themed menu development,
and interdisciplinary collaborations among culinary professionals, sen-
sory scientists, nutritionists and producers, are essential mechanisms to
encourage greater acceptance of these foods, particularly within
younger, trend-conscious consumer segments. Finally, Italian
gastronomy, distinguished by its capacity to innovate while honouring
tradition, could serve as an international model, promoting a sustainable
cuisine that incorporates novel ingredients without compromising on
quality or cultural identity. Therefore, the adoption of alternative pro-
teins in professional and home cooking represents not only a response to
environmental and nutritional challenges but also an extraordinary
opportunity for the evolution of contemporary gastronomic culture.
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