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ARTICLE INFO ABSTRACT

Keywords: The increasing interest in functional foods has led to research into nutraceutical sources, which has resulted in
Functional food the discovery of microalgae, particularly spirulina, as a promising option. Spirulina is unique for its high protein
Spirulina

content, essential amino acids, and rich mineral and vitamin content. Additionally, spirulina cultivation is
environmentally friendly as it requires only a small area and has minimal emissions. However, despite the sig-
nificant potential of spirulina-based products, their market penetration remains low due to investment costs.
Therefore, assessing market interest and consumer preferences is crucial for promoting development. To un-
derstand consumer interest in spirulina-based products, a study was conducted using a representative sample of
326 Italians who participated in a choice experiment involving a pack of pasta that could be spirulina-enriched or
not. The study findings indicate that there is a substantial consumer segment interested in spirulina-based pasta
and willing to pay an average premium of €1.28 for a 1-kg package. This segment comprises prevalently young,
physically active, well-educated men, who are interested in healthy eating and open to trying new foods. They
primarily have a plant-based diet and good familiarity with functional foods.

Enriched pasta
Consumer preferences
Alternative protein sources

1. Introduction

Growing consumer awareness of the relationship between nutrition
and health is driving interest in functional foods for their health benefits
and contribution to the prevention of noncommunicable diseases’
[2-5]. The wide range of functional foods comprises some novel foods
that are the result of new production processes or technologies [79].
These foods not only address present health requirements but also
contribute to environmental sustainability [6-12]. Microalgae are
among the most interesting novel options [13-15]. One such type of
microalgae useful for human nutrition is spirulina (Arthrospira platensis),
one of the best-known species [16,17]. Spirulina offers benefits to con-
sumers for its content of essential amino acids, vitamins (A, B, D, E, K),
carotenoids, essential fatty acids, and minerals [18-25]. In addition, it
has the highest protein content of any naturally grown product,
amounting to 60 %-70 % dry matter [26]. Therefore, spirulina perfectly
matches the definition of food supplement [27] because of its protein
content and preventive properties against noncommunicable diseases
such as cancer, diabetes, kidney disorders, hypertension, and infertility

[28-33]. In addition, spirulina cultivation has significant environmental
advantages when compared to the production of animal protein or plant
alternatives [17], as it is produced under controlled conditions, with low
emissions, and has a high areal productivity [34].

Regarding consumer acceptability, in terms of health benefits,
spirulina-enriched foods have an advantage over other enriched foods,
such as those derived from insects, as they are more likely to be
embraced by consumers. This is primarily because spirulina is perceived
as a plant-based product [35]. Additionally, when considering sustain-
ability factors, spirulina is preferred over soy, which is currently the
popular choice as meat substitute. This preference arises from the
negative environmental impact associated with soy cultivation [36,37].

The combination of these characteristics makes spirulina an excel-
lent ingredient for enhancing foods and creating a new food offering that
is both healthier and more sustainable.

The market share of spirulina-enriched foods is on the rise. The study
conducted by Industry ARC [38] projects a compound annual growth
rate of 9.2 % for spirulina powder from 2022 to 2027, estimating its
value to reach $897.3 million by 2027. However, studies conducted by
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Lafarga and Acién [39,80] and Grahl et al. [40] indicate that the demand
for these products has not yet reached its full potential. The reasons
identified are the cost of the investment required for its cultivation [41],
which should be covered by adequate demand. Therefore, it is useful to
assess whether there is enough market interest to justify investment in
large-scale cultivation. Moreover, identifying the traits that differentiate
consumers interested in this type of product could be useful in recog-
nising preference drivers to promote consumption.

2. Spirulina and consumers

There are few studies in the literature that have analysed consumer
preferences with respect to spirulina. Research studies conducted in
Europe have shown that there is limited knowledge of microalgae in
general and of spirulina in particular [42-44]. More specifically, Lucas
et al. [44] found that more than half of their sample of 442 Swiss re-
spondents had no previous knowledge of spirulina. Kamenidou et al.
[42] showed that >50 % of the Greeks surveyed (452 out of 795) were
not aware of the product. Lafarga et al. [43] surveyed a large sample in
Spain (3084 respondents) to study their knowledge of and attitude to-
ward microalgae. They too found a general lack of knowledge, with <40
% of the sample having tasted spirulina at least once in their life. Grahl
et al. [40] showed instead that 59 % of the French they surveyed (337)
had heard of microalgae, but only 46 % of the Germans (348) and 33 %
of the Dutch (350) they interviewed could say the same.

Iannuzzi et al. [35] addressed the issue of preferences for spirulina
and insect based foods, pointing out that products made entirely of
unknown components are rejected by consumers due to neophobia, but
that the association of novel ingredients with known food tends to
reduce disgust. Neophobia has also been identified as a major barrier to
microalgae consumption by Moons et al. [17] and Weinrich and
Elshiewy [15]. Thomas et al. [45] showed through a focus group con-
ducted in France that the major barriers to spirulina consumption are the
lack of experience with the product and the fact that it represents a
departure from traditional cooking habits. The significance of habit in
evaluating meat substitutes has been corroborated by Weinrich [36] in a
study conducted through focus group discussions in German, French,
and Dutch.

Besides barriers, the literature highlights some factors driving spir-
ulina consumption, often linked to the interest in healthy eating
[15,35,45,46]. Additionally, familiarity positively impacts attitudes to-
ward microalgae [40,43,47]. Finally, Moons et al. [17] identified po-
tential users among individuals who are members of sports clubs,
vegetarians, and those who follow new food trends. A vegetarian/vegan
diet was also found to be a driver in the study by Rzymski and Jaskiewicz
[47]. Similarly, Weinrich and Elshiewy [15] provided evidence of a
negative correlation between meat consumption and attitudes toward
microalgae.

Lafarga et al. [43] showed that willingness to taste and willingness to
pay for spirulina increases by providing information about its healthi-
ness. The results of Iannuzzi et al. [35] also highlighted that emphasising
the positive characteristics of spirulina improves consumer attitude.

Lafarga et al. [43] and Lucas et al. [44] found that carrier knowledge
is a driver of consumption, pointing out that the most preferred
spirulina-enriched products are pasta and cereal bars. Grahl et al. [40]
analysed three products to which spirulina was added as an ingredient, i.
e., pasta, sushi, and a vegan jerky. It was shown that pasta has greater
liking than the other two options and confirmed that acceptance of
spirulina increases with familiarity of the product which it is added to.

Our literature search revealed that to date studies on spirulina have
been carried out mostly using qualitative methods and descriptive an-
alyses. They appear to confirm the potential of spirulina as a food sup-
plement, but do not allow for market segmentation on the basis of utility
associated with consumption, nor do they enable direct comparison with
competing products.

Our study aims to fill this gap with reference to the Italian market,

Algal Research 75 (2023) 103275

using pasta as the carrier. Pasta is a particularly interesting carrier as
various research studies have revealed the high nutritional quality of
spirulina-enriched pasta [20,21,48-50]. The choice of pasta is expected
to positively impact on the acceptance of the novel ingredient, both
because of its familiarity in Italy [51,52] and because the literature
recognises it among those carriers with higher acceptance [35,40,44].
On the other hand, the strong attachment of Italians to their traditional
food style [53] may reduce the acceptance of the functional product.

Our study aims to answer the following research questions:

RQ1: Is there a segment of Italian consumers willing to pay a pre-
mium price for spirulina-enriched pasta?

RQ2: What is Italian consumers’ willingness to pay (WTP) for a
spirulina-enriched product?

RQ3: What is the profile of Italian consumers interested in pur-
chasing a product containing spirulina?

3. Methodology
3.1. Questionnaire

To address our research questions, we conducted a survey utilizing
the Google Forms platform to administer an online questionnaire. Data
collection spanned from December 2021 to April 2022, and we utilised
social platforms for recruiting participants. Our sample comprised 326
individuals from Italy. To ensure representation across different factors,
namely age, gender, and region of residence, we employed quota
sampling.

The first section of the questionnaire included a filter question to
identify individuals who are responsible or co-responsible for food
purchases.

The second section utilised a discrete choice experiment (DCE)
methodology, which was well-suited for our research objectives. DCE
allowed us to compare a discrete number of alternatives by differenti-
ating them based on attributes and relative levels [54]. In this context,
DCE aimed to create a realistic choice scenario, enabling respondents to
navigate trade-offs among various attribute levels. By presenting clear
and predefined options, DCE provided respondents with a straightfor-
ward and intuitive task that was easy to understand. The effectiveness of
DCE was demonstrated in capturing diverse preferences among re-
spondents and facilitating the analysis of subgroup preferences and
variations in WTP estimates [55].

In our study, participants were asked to imagine themselves in the
process of grocery shopping with the intention of purchasing a 1 kg
pack, which served as a standardised reference point for evaluating the
various alternatives. The selected pasta for the experiment was high-
quality fusilli, made from 100 % Italian wheat, and dried at low tem-
perature. In each scenario, participants were presented with two options
to choose from, or they had the option to select “No choice” if neither
alternative suited their preferences. The two alternatives could be
distinguished by the attributes and levels shown in Table 1.

When the pasta is enriched with spirulina, the packaging in the DCE
displays the label “3% Spirulina - a Source of Fiber and Protein,” while
the pasta itself takes on a green colour. This choice stems from the fact
that commercially available spirulina-enriched pasta exhibits similar

Table 1
DCE attributes and related levels.
Attribute Level
Spirulina-enriched None
Present
Price €7.50
€10
€12.50
€15
Organic None
Present
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compositions, and the green hue is a direct result of the presence of
spirulina [20,21,48-50]. Given the lack of knowledge about spirulina
and the importance of information highlighted in the literature, the pack
of spirulina-enriched pasta used in our study shows the claim authorised
by Regulation EC 1924/2006 [78] that the food is a source of protein
and a source of fibre.

Attributes were selected based on a literature search related to
consumer preferences with respect to pasta. We know from the literature
that consumers choose pasta primarily based on price, origin and brand
[56]. Consumers were asked to imagine that the brand was the one they
usually buy for all alternatives. The price range was determined through
a market survey conducted across both traditional physical stores and
online retail platforms, taking into account the quantity (1 kg) and high
quality of the options presented in the choice experiment. The choice of
a high-quality product such as naturally dried bronze-drawn pasta stems
from the consideration that adding an ingredient such as spirulina is
more plausible in products with quality characteristics that support
higher sales prices.

As regards certification, much research emphasizes the importance
of organically grown food in consumer choices [57]. In line with this, it
has been noted by several authors that over a quarter of Italian con-
sumers choose to eat organic pasta at least once a month [56,58]. This
trend has experienced a substantial surge in recent years. According to
ISMEA [59], sales within the retail sector saw an 8.9 % increase in 2020
compared to the previous year, solidifying the organic attribute as a
pivotal factor influencing consumer preferences for pasta.

The Ngene software (ChoiceMetrics Ltd.) enabled us to create the
orthogonal design, with 8 purchasing scenarios to submit to our sample.
Each participant has been exposed to all eight scenarios of the experi-
mental design. An example of a purchasing scenario is shown in Fig. 1.

The questionnaire then proceeded to explore psychographic and
behavioural traits that have been highlighted in the literature as sig-
nificant factors in the relationship between consumers and their pref-
erences for spirulina. Research studies by Iannuzzi et al. [35], Moons
et al. [17], and Thomas et al. [45] have identified neophobia as a po-
tential barrier, while interest in healthy eating, engagement in physical
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activity, and adherence to a vegan/vegetarian diet have been recognised
as drivers of acceptance [17,35,42,45,47]. Additionally, familiarity with
functional foods appears to play a crucial role in acceptance [40,42-44].

As a result, the survey included targeted questions to assess partici-
pants’ level of exercise, familiarity with functional foods, and the type of
diet they follow. Food neophobia was measured using the food neo-
phobia scale developed by Pliner & Hobden [60], while the estimated
interest in healthy eating was obtained using the scale developed by
Pieniak et al. [61]. Both scales utilised a 5-level Likert scale ranging from
“strongly disagree” to “strongly agree.” Table A1l in the appendix pro-
vides details of the scale items, their respective Cronbach’s o coefficients
(both exceeding 0.7), and key descriptive statistics.

The questionnaire concluded by surveying sociodemographic char-
acteristics (gender, age, education level, area of origin, employment
status and size of city of residence).

3.2. Discrete choice experiment

The theoretical foundation of the DCE can be traced back to Lan-
caster’s [62] consumer studies and McFadden’s [63] Random Utility
Theory. Lancaster’s work posited that the utility of a good is determined
by the sum of its characteristics, while McFadden’s theory argued that
consumers act as rational individuals by selecting the option that offers
them the highest utility. As a result, the probability of choosing an
alternative from a given set depends on its utility relative to the others
[64].

Utility can be defined as follows:

Uyj = BX,i +ASC + &, )

In Eq. (1), U represents the utility that individual n obtains by
choosing alternative i in choice set j, g’ is the vector of coefficients
representing the weight of each level X;;; of each attribute in forming the
utility, and &; represents the independently and identically distributed
stochastic component. Finally, ASC (Alternative Specific Constant) is a
fixed value that accounts for the influence of the good’s attributes not
included in the experimental design but described in the scenario. In this

FUSILLI

FUSILLI

100% GRANO ITALIAND

PASTA TRAFILATA AL BRONZO
ESSICCATA A BASSA TEMPERATURA
10 € 12,50 €

100% GRAND ITALIANOD

PASTA TRAFILATA AL BRONZO
ESSICCATA A BASSA TEMPERATURA

3% SPIRULINA
FONTE DI FIBRE E PROTEINE

NO CHOICE

O

Fig. 1. An example of a purchasing scenario proposed in the DCE.
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specific case, the scenario describes a 1 kg pack of fusilli from the brand
regularly consumed, made from 100 % Italian wheat and dried at a low
temperature. Spirulina and organic attributes were analysed as dummy
variables, while price was analysed as a continuous variable.

If the residuals (ep;) are identically and independently distributed,
the probability that individual n chooses alternative i is given by Eq. (2):

ePXui

Pry = (2)

J o

bl
S Xy
1

where X, is the vector of attributes of alternative i for individual n and
X,,; the vector of attributes of alternative j. The probability that an in-
dividual will choose alternative i is equal to the ratio of the exponential
of the deterministic utility component for alternative i to the sum of the
exponentials of the deterministic utility components for alternatives j.

To address preference heterogeneity, we incorporated latent class
analysis (LCA) into our methodology. LCA allowed us to estimate
distinct latent classes based on observed response patterns. LCA was
conducted using the Latent Gold Choice 4.5 software (Statistical Inno-
vation Inc.).

3.3. Profiling

With the aim of characterising the respondents belonging to the
identified classes, we conducted profiling by chi-squared automatic
interaction detection (CHAID) analysis [65]. This technique, through an
iterative process of chi-squared tests, identifies the variables that differ
statistically between the classes. The analysis, carried out with the SI-
CHAID Define software (version 4.0.5.18305), included sociodemo-
graphic variables (gender, age, area of origin, education, and employ-
ment status), psychographic variables (food neophobia, interest in
healthy eating, familiarity with foods enriched with functional foods),
and behavioural variables (level of exercise and type of diet). For neo-
phobia and interest in healthy eating, the mean of the items was
calculated for each respondent and was standardised relative to a
standard normal distribution. Operations on the scales, including
calculation of Cronbach’s Alphas and key descriptive statistics, were
carried out with STATA 15.1.

4. Results
4.1. The sample

Our sample comprised 326 Italian individuals whose characteristics
were compared with those of the Italian population in Table 2. The
sample demonstrated representativeness across age, gender, region of
residence, and employment. However, it did exhibit a higher level of
education compared to the broader Italian population.

Furthermore, our sample predominantly consisted of individuals
who engage in infrequent physical activity, follow an omnivorous diet,
and demonstrate a good level of familiarity with enriched foods.
(Table 3).

4.2. Discrete choice experiment

The model selection process was guided by an analysis in which the
evaluation of information criteria (Table 4) was balanced with the an-
alyst’s subjective evaluation. Specifically, we followed the approach
proposed by Scarpa & Thiene [67] and considered both the statistical
significance of parameter estimates and the meaningfulness of the
parameter signs. This approach enabled us to identify two substantial
consumer segments with contrasting preferences toward spirulina. As a
result, our investigation maintained a focused and effective approach in
addressing our research question.

Specifically, Class 1, representing 60 % of the sample, consisted of
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Table 2

Main sociodemographic characteristics of the sample.
Variable Sample Italy
Gender
Male 47 % 49 %
Female 53 % 51 %
Age
18-33 25% 24 %
34-53 36 % 38 %
>54 39 % 38 %
Region of residence
Northern Italy 40 % 45 %
Central Italy 25 % 20 %
Southern Italy 35 % 35 %
Education
Junior high school or below 17 % 36 %
High school diploma 36 % 43 %
College education or higher 47 % 21 %
Employment
Employed 65 % 61 %
Student 14 % 5%
Unemployed 10 % 8%
Retiree 11 % 26 %

NB: Source: Data on the Italian adult population from ISTAT [66].

Table 3
Sample characteristics with respect to level of exercise, diet
type, familiarity with foods enriched with functional foods.

Variable Frequency
Level of exercise
Less than once a month 17%
At least once a month but less than once a week 49%
Once a week 18%
More than once a week 16%
Type of diet
Vegan/vegetarian 18%
Omnivorous 82%
Familiarity with foods enriched with functional foods
> I've never heard of them 5%
_g I've heard of them, but I've never tasted them 7%
g I've tasted them, but | don't buy them 11%
= | buy them, but only occasionally 33%
el
S 1 buy them routinely 44%
[G]
Table 4
Parameters characterising the different models.
Number of classes LL BIC AIC Npar R?
1 —2311 4644 4629 4 0.20
2 —1902 3855 3821 9 0.44
3 —1636 3353 3300 14 0.59
4 —1558 3226 3155 19 0.64
5 —1473 3084 2994 24 0.68
6 —1433 3034 2924 29 0.71

NB: LL = log likelihood, BIC = Bayesian information criterion, N. Par = number
of parameters.
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individuals who favoured traditional pasta. In contrast, Class 2, ac-
counting for 40 % of the sample, comprised consumers who expressed a
preference for the incorporation of spirulina in pasta (refer to Table 5).

Price had a negative utility for both (i.e., as price increases, utility for
consumers decreases), while being organic increased utility throughout
the sample. In terms of the magnitude of the B coefficients, which
indicate the contribution of attributes to the utility function, the class
that preferred spirulina demonstrated a significantly higher weight on
utility for the presence of this ingredient in pasta compared to the weight
attributed to organic certification, exceeding it by more than double.

For class 2, the WTP, obtained by calculating the absolute value of
the ratio of the p coefficient of the presence of spirulina with the p co-
efficient of the price, was €1.28 per kg for the addition of spirulina to
pasta.

4.3. Profiling

Table 6 shows the profiling of the classes in the CHAID analysis.

The class consisting of consumers who choose enriched pasta
comprised predominantly males under 40, residing in Northern Italy,
with an advanced level of education and a vegan or vegetarian diet.
They have low food neophobia, are attentive to healthy eating, exercise
regularly and are familiar with functional foods.

5. Discussion

To address our research questions, we designed a choice experiment
that, to the best of our knowledge, is the first of its kind in the existing
literature. This simulation allowed us to categorise the market based on
the utility people associate with consuming spirulina. Specifically, the
purpose of RQ1 was to test whether there is a segment of the Italian
population willing to pay a premium price for spirulina-enriched pasta.
Our results allow us to answer the question affirmatively, as 40 % of
respondents showed positive utility from the addition of spirulina. Our
data are in line with the study by Lafarga et al. [43], in which 42.7 % of
respondents had given an affirmative answer when asked if they were
interested in consuming spirulina. The identified segment is highly
relevant, especially considering the barriers highlighted in the literature
concerning novel foods [12,68], as well as Italians’ strong attachment to
their traditional food style, which could have potentially contributed to
additional resistance. It is worth highlighting that the utility associated
with spirulina surpasses that of organic certification by more than
double. This observation is notable, given that organic certification is
acknowledged in the literature as a driver of food preferences [69].

We proceeded to estimate the WTP of Italian consumers for spirulina-
enriched pasta compared with traditional pasta, thus answering RQ2.
Consumers in the second class would pay €1.28 per kg more for
spirulina-enriched pasta than for the basic pack. Our findings align with
the study conducted by Weinrich and Gassler [25], where they assessed
price sensitivity regarding different variants of algae-based meat sub-
stitutes. Furthermore, our results are consistent with the research con-
ducted by Lafarga et al. [43], who found that 40 % of the participants
expressed a willingness to pay an additional 6-10 % compared to the
base product price for an enriched alternative.

Our work then focused on profiling the segment that would buy
spirulina-enriched pasta in order to determine the personal traits

Table 5
B coefficients of the classes.

Attribute Class 1 Class 2

Price
Spirulina-enriched
Organic

ASC

NB: The notation **
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Table 6

Profiling of the two latent classes. The underlined values indicate in which of the
two classes a higher relative frequency of the characteristics displayed in the
table can be observed. The percentages are to be read horizontally and should be
compared with the size of the two classes.

Variable Class 1 (60 Class 2 (40 Total
%) %)

Gender

Male 49 % 51 % 152

Female 68 % 32% 174

Age

Under 40 34 % 66 % 128

Over 40 76 % 24 % 198

Region of residence

Central/Southern Italy 69 % 31 % 194

Northern Italy 46 % 54 % 132

Education level

High school diploma or lower 68 % 32% 172

University 50 % 50 % 154

Neophobia

Medium-low (standardised mean 40 % 60 % 174
value<0.25)

High (standardised mean value >0.25) 82 % 18 % 152

Level of exercise

Less than once a week 75 % 25 % 212

At least once a week 32% 68 % 114

Type of diet

Vegan/vegetarian 33% 67 % 61

Omnivorous 66 % 34 % 265

Familiarity with functional foods

None or low 70 % 30 % 181

Good 46 % 54 % 145

Interest in healthy eating

Medium-low (standardised mean 73 % 27 % 108
value<0.25)

High (standardised mean value >0.25) 53 % 47 % 218

NB: Gender (LR Chi-Squared 12.26, df 1, P-value 0.00); Age (LR Chi-Squared
56.01, df 1, P-value 0.00); Region of residence (LR Chi-Squared 16.27, df 1, P-
value 0.00); Education level (LR Chi-Squared 11.00, df 1, P-value 0.00); Neo-
phobia (LR Chi-Squared 64.15, df 1, P-value 0.00); Level of exercise (LR Chi-
Squared 57.27, df 1, P-value 0.00); Type of diet (LR Chi-Squared 21.95, df 1,
P-value 0.00); Familiarity with functional foods (LR Chi-Squared 19.27, df 1, P-
value 0.00); Interest in healthy eating (LR Chi-Squared 12.85, df 1, P-value
0.00); Sociodemographic and psychographic variables that were not significant
are not shown in the table.

associated with this type of behaviour (RQ3). Looking at the socio-
demographic characteristics, we observed that distinctive trait of the
class that chooses spirulina is that it is mainly composed of males under
40 years of age, who live in Northern Italy, and have an advanced level
of education. In terms of gender, our findings were consistent with the
studies conducted by Weinrich and Gassler [25] and Weickert et al. [46].
This adds to the existing literature on microalgae, as previous studies
such as Grahl et al. [20], Kamenidou et al. [42], Lucas et al. [44], and
Rzymski et al. 47 have not found any significant differences between
genders. Therefore, our research offers a novel perspective to the liter-
ature by identifying gender-related distinctions. Our result can be
explained by taking into consideration the fact that men and women
have different nutritional preferences and dietary goals, which may
contribute to men displaying a greater interest in spirulina [70,71]. In



T. Fantechi et al.

contrast, young age had already been cited as a driver in previous studies
([42-44]1; Rzymski et al., 2016; [25]). This may be due to the fact that
older people are more conservative, while younger people are more
open to novelties, including in food choices [72,73]. Education had
already been shown to be a distinguishing characteristic of consumers
choosing spirulina pasta ([42,43]; Rzymski et al., 2016; [46]). This
finding can be explained by the fact that greater education is associated
with greater openness to change [74,75]. The prevalence of educated
individuals in our sample compared with the Italian population suggests
that the class preferring spirulina pasta might be more represented in
our sample than in the broader Italian population, potentially intro-
ducing a bias. However, considering the noteworthy presence of this
class in our sample, it is reasonable to assume that it remains substantial
within the Italian population as well. This assumption is supported by
the representative nature of our sample in terms of age, gender, region of
residence, and employment. As regards the area of residence, there are
no related studies in the literature. However, we are aware of differences
between Northern Italy and the rest of the country, with Northern Italy
showing a greater interest in a healthy diet [76]. This trend is also re-
flected in our sample, where residents in the North exhibit more health-
conscious behaviour compared to other participants. Therefore, the
higher prevalence of Northern consumers in the group selecting spir-
ulina pasta could be attributed to this factor.

With respect to behavioural and psychographic characteristics, sig-
nificant differences between the two classes relate to type of diet, level of
exercise, food neophobia, interest in healthy eating, and familiarity with
functional foods. As regards behavioural characteristics, in the class that
chooses enriched pasta we found predominantly those who do not
consume meat and physically active individuals. Our findings align with
other studies conducted by Weinrich and Elshiewy [15] and Weinrich
and Elshiewy [77], which have highlighted a negative correlation be-
tween higher meat consumption and attitudes toward microalgae. These
findings are further supported by the research conducted by Moons et al.
[17] who from a-priori segmentation showed that sporting individuals
and vegetarians are more likely to consume spirulina than individuals
who prioritise taste and hedonic aspects of foods. Physically active in-
dividuals form an intriguing segment. Considering the potential benefits
of increased protein intake during and after workouts, spirulina could
serve as a valuable natural supplement for those who engage in regular
exercise. The result for neophobia is consistent with the findings of
lannuzzi et al. [35], Moons et al. [17], and Thomas et al. [45] and
Weinrich and Elshiewy [15], confirming that this is the major barrier to
the consumption of novel foods. Our findings are also in line with those
reported by Siegrist and Hartmann [68] who showed that potential
adopters of novel foods are those who are most open to change. When it
comes to interest in healthy eating, the connection with spirulina shows
great promise. Its positive attributes appeal to individuals who prioritise
a health-conscious diet. The existing literature highlights the association
between spirulina and interest in healthy eating, underscoring the sig-
nificance of promoting spirulina by emphasising this aspect ([17,35,42];
Rzymski et al., 2016; [45]). Finally, our results show the importance of
familiarity with functional foods. Prior knowledge and use of these
seems crucial in the consumption of different functional foods, as also
highlighted by other authors [40,42-44].

Our findings carry implications for policymakers, food industry
stakeholders, and public health professionals. They shed light on two
crucial factors influencing consumption behaviour: exercise level and
dietary choices. These determinants are linked to the personal relevance
of the product’s benefits for consumers, as adequate intake of high-
quality proteins is beneficial for the well-being of both physically
active individuals and non-meat consumers. This corroborates the
existing literature [35,43,44], emphasising the importance of promoting
these products by highlighting the nutritional benefits they offer to
consumers. The use of an indication on protein and fibre content on the
label was employed in our study as a means of informing consumers
about the product’s benefits. However, other communication strategies,
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like those that leverage internet social media channels, could be
particularly effective considering the young age of those potentially
interested in the product. Furthermore, targeted communication cam-
paigns can be designed to specifically address the most promising con-
sumer segments identified in our study. More precisely, with reference
to the target group of physically active individuals, promoting spirulina
in gyms, sports facilities and blogs about exercise could be helpful.
Similarly, newspapers and online pages devoted to vegetarian and vegan
diets or with a focus on healthy eating could be leveraged.

Based on our findings, which emphasise food neophobia as the pri-
mary obstacle to the acceptance of spirulina-enriched functional foods,
we propose that conducting taste tests could effectively promote these
products and address the challenges associated with neophobia.
Furthermore, the involvement of restaurants is crucial as they can
incorporate spirulina into their recipes, presenting it in a delectable and
enticing way to consumers.

One limitation of our study is the absence of taste testing. Previous
research has indicated a generally positive reception of these products
[20,21,48-50]. This favourable response may contribute to broader
acceptance and adoption of the product in the future. However, it would
be beneficial to further investigate this aspect through research that
combines choice experiments with taste tests.

Two key factors that present additional opportunities for future
research developments are the choice of country and the selection of a
carrier. For our study, we conducted research in Italy and utilised pasta
as the carrier. Pasta is widely consumed and familiar among Italian
consumers. The literature suggests that the popularity of pasta as a
common food product likely facilitated its easy acceptance among par-
ticipants [35,40,44]. To advance this field, it would be worth investi-
gating whether similar results can be achieved using products with
different characteristics in various countries.

6. Conclusions

The results of our study demonstrate the existence of a substantial
segment of the Italian population who is willing to pay a premium price
for spirulina-enriched pasta. This finding supports the potential devel-
opment of new spirulina-based products by agribusiness companies.

The study also shows that the segment of consumers who prefer pasta
with spirulina is different from the rest of the population. Agribusiness
companies and policymakers can leverage this finding to develop tar-
geted strategies that cater to this specific segment.

In conclusion, our study applied a choice experiment to study the
demand for spirulina-enriched foods. Studies comparing traditional and
microalgae-containing products conducted in other countries and on
foods other than pasta will be needed to direct policymakers and market
players toward creating value through the development of new foods,
their distribution, and the implementation of communication campaigns
to launch a food with untapped potential in the marketplace.
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Appendix A

Table Al
Items of the scales used and their statistics.
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Scale Alpha Item Average Standard deviation

Food neophobia 0.71 I am constantly sampling new and different foods (R) 3.08 1.35
I don’t trust new foods 2.87 1.37
If T don’t know what is in a food, I won’t try it 2.91 1.43
I like foods from different countries (R) 3.22 1.48
Ethnic food looks too weird to eat 2.79 1.36
At dinner, I will try a new food (R) 3.43 1.21
I am afraid to eat things I have never had before 2.74 1.36
I am very particular about the foods I will eat 3.59 1.28
I like to try new ethnic restaurants (R) 2.73 1.48

Interest in healthy eating 0.95 It is important to me that the food I eat on a typical day is good for my physical and mental health 4.51 0.88
It is important to me that the food I eat on a typical day keeps me healthy 4.55 0.87
It is important to me that the food I eat on a typical day is nutritious 4.52 0.89
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