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Abstract

In an era of considerable environmental pressures, edible insects have demonstrated their ability to integrate
innovative and sustainable food production methods. Nonetheless, there are clear obstacles to their acceptance,
particularly in Western countries. With a view to a longitudinal analysis of the consumption moment, the study’s
main goal was to assess how the repeated exposure approach can impact consumer’s liking and sensory perception
of different insect-based products. At the same time, these products were compared with commercially available
plant-based analogue products, as these types of products can be targeted to the same market. For each group
of products, the impact of repeated exposure on participants exposed to the products in a household context
was compared with a group of participants who had no intervention at home. This comparative assessment was
carried out in a sensory laboratory environment. Five different insect and plant-based products were assessed
on a 9-point hedonic scale with open comments to complement the analysis by two panels of 58 participants.
Significant differences were found between products throughout the exposure, with most products decreasing the
liking scores between exposures. However, no significant differences concerning exposure were identified between
the intervention and non-intervention groups. Regarding the evaluation of the samples according to the different
exposure groups, it was observed that there was no noticeable impact of exposure on the evaluation of the insect-
based products evaluated by the intervention group and the plant-based products tasted by the non-intervention
group. This study reinforces the impact of repeated exposure on the overall liking levels of the samples, with valuable
findings on sensory perception that can be translated into insect-based product development.
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1 Introduction

The substantial improvement in the health conditions
of individuals, coupledwith the increase in hygiene con-
ditions in modern societies, has made it possible for the
world’s population to grow significantly (Searchinger et
al., 2019). The correlation of this topic with increased
environmental pressure on agriculture and livestock
farming has required the search for innovative food
production methodologies and techniques that con-
sider the nutritional, environmental and socio-cultural
dimensions of food sustainability.

Recent trends promoting the use of insects as a
human food product aim to meet demands of this
nature. Compared to the production of conventional
animal-based protein sources, the production of insects
as an alternative protein source is associated with a
lower environmental impact through reductions in nat-
ural resources use (e.g. water, feed, agricultural land),
production space as well as in greenhouse gases emis-
sions (FAO et al., 2023). Furthermore, although the
nutritional content of insects is dependent on species,
life stage and feed, insects present high protein con-
tent with high quality (e.g. amino acid profile, digestibil-
ity) and are also rich in bioactive compounds that are
beneficial to human health (e.g. essential fatty acids,
micronutrients) (van Huis et al., 2021; van Huis and
Oonincx, 2017). Despite these advantages, there are
still several issues surrounding consumers’ acceptance
of insect-based foods, their incorporation into people’s
diets, and their success on the market (particularly in
Western countries).

The rejection of edible insects is mainly motivated
by emotional factors, with disgust towards insects being
identified as the main predictor of entomophagy (inten-
tional consumption of insects) (Sogari et al., 2023;
Ribeiro et al., 2022). Alongside these emotional factors,
food neophobia (a psychological construct describing a
person’s tendency to reject foods that are new or unfa-
miliar) (Pliner et al., 1992) has also been described as a
major factor leading to entomophagy rejection (Megido
et al., 2016; House, 2016). Despite these two factors being
different constructs, they can be related to consumer’s
lack of familiarity with edible insects and association
with disgusting cues, which leads to negative expecta-
tions towards sensory properties and can ultimately lead
to consumers not considering insects as food (Kröger et
al., 2022).

As such, several mechanisms must be employed to
encourage the consumption of insect-based foods, rang-
ing from rational discoursed focused on increasing con-

sumer’s knowledge of entomophagy and its benefits
(Woolf et al., 2019) to strategies more geared to improve
the sensory appeal of edible insects, such as gastro-
nomic adaptation of the products, making it sensory
appealing, which will give the meal greater familiarity
and closeness (La Barbera et al., 2018). To improve and
optimise the applied strategies, three factors of particu-
lar interest must be considered: (1) the characteristics of
the product itself, namely its flavour, convenience, and
the availability of information that it shares. (La Barbera
et al., 2018), (2) the personal traits of individuals are also
considered to be central to this choice, with it currently
being revealed that men are more likely to adopt insects
in their diet, and (3) the environment in which it is pur-
chased and consumed also seems to have an impact on
this experience.

Reflecting on consumers’ unfamiliarity with the sen-
sory properties of insect-based foods and the extent
to which the stigma surrounding these products can
impact tasting them, it becomes essential to assess
consumers’ perceptions of these products (Woolf et
al., 2021). In this context, it is particularly important
to invest in methodologies that make it possible to
faithfully assess consumer responses, portraying the
moment of food consumption as closely as possible.
It is important to reflect that the general taste of a
product may change over time, i.e. the initial appre-
ciation of a particular food may not correspond in
the same way at the moment of consumption or even
after tasting. So, the long-term enjoyment of a prod-
uct may also be influenced by fluctuations in sensory
perceptions arising from the repeated consumption of
a product (Koster, 2003). In line with these thoughts,
investing in strategies for evaluating the evolution of
consumer perception over repeated exposure is impor-
tant, as it will allow a true representation of product
interpretation. Pineau et al. (2009) proposed a perspec-
tive for evaluating moments of multiple ingestion to
minimise potential biases from a single-tasting sensory
evaluation, which is not representative of the actual
consumption of a food. In addition, it is recognized
that hedonic evaluation through a single tasting session
may not reflect the real perception of consumers (Lévy
and Köster, 1999). Several studies have demonstrated
this impact of exposure on consumer preference, both
through a significant increase in food taste (Pliner et al.,
1982) and through the reverse effect of decreased pref-
erence (Sulmont-Rossé et al., 2008). These effects have
been shown to be correlated with the individual char-
acteristics of consumers and/or the properties of the
stimulus itself (Lévy and Köster, 1999), which is why
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it is of particular interest to assess consumer dynamic
behaviour in the face of repeated exposure. In this sense,
studies with controlled time intervals and adjusted to
the type of product seem to be advantageous for mea-
suring changes in sensory perceptions over time of food
consumption.

The main goal of the present study was to assess how
repeated exposure approach can impact consumer’s lik-
ing and sensory perception of different insect-based
products. Furthermore, insect-based products were
compared with commercially available plant-based ana-
logue products, as these types of products can be tar-
geted at the same market. Specifically, for each group
of products, the impact of repeated exposure on ‘inter-
vention’ participants was compared to the products at
home, compared to a group of non-intervention partici-
pants in a sensory lab context.

2 Materials andmethods

Participants
The participants included in this researchwere recruited
using Sense Test’s (sensory evaluation and consumer
tests company in Portugal) database, which consists of a
wide range of members, mainly residents of the Oporto
metropolitan area. All those involved were recruited
according to the following criteria: (1) selection of young
Portuguese couples without children or only with chil-
dren under the age of 3 to ensure that meals were only
eaten by adults, (2) positive propensity to consume
edible insects and plant-based products, according to
the completion of a screening questionnaire, and (3)
inexistence of any food allergies. These criteria were
applied to selecting all the participants, who were then
randomly assigned to one of the groups: insect or plant-
based. The panels of tasters were informed a priori of
the objectives and conditions of the tests. Likewise,
all the individuals were informed of the guarantee of
confidentiality of the information collected, as well as
their right to consult, rectify and delete personal data
throughout the study without any measurable harm
being caused.

To minimise any neophobic effects, the selected par-
ticipants were not given any information about the type
of product that would be evaluated in each test session.

Approximately 200 participants completed the
screening questionnaire, but only two panels of 58
participants fulfilled the criteria, which comprised 84
females (72%) and 32 males (28%). The entity involved
in the intervention ensures the protection and confi-

dentiality of the data collected through authorisation
2063/2009 from the National Data Protection Commis-
sion and appropriate professional conduct, complying
with the requirements of the General Data Protection
Regulation (EU) 2016/679. Nevertheless, data anonymi-
sation strategies are guaranteed through the random
coding of participants (i.e. ID number).

Samples
The samples used in the study included foods devel-
oped as outputs of the European project SUSINCHAIN
and plant-based alternatives commercially available on
national and international markets. The SUSINCHAIN
project partners developed and supplied the insect-
based products, as described in Table 1. The formula-
tions and processing steps of each product had been
previously optimised, following preliminary sensory
tests with naive participants.

The developed products represent a wide variety of
product typologies and consumption moments, and the
goal of this project was to assess their potential incor-
poration into consumers’ diets, considering consumers’
perceptions. Introducing a similar menu of vegetable
protein-based counterparts is intended to help identify
specific barriers to introducing insect-based foods into
the human diet.

The preparation mode of each product at the Sen-
sory Lab was defined at the beginning of the study
and remained constant throughout all the tasting ses-
sions (see Table 1). The samples were coded with ran-
dom 3-digit codes and served in white porcelain crock-
ery. Natural mineral water and biscuits were available
on the tasting tray so participants could cleanse their
palates between products.Whenever possible, the prod-
ucts were tasted in a balanced order according to the
assumptions of the Latin square methodology, thus
avoiding possible order effects (MacFie et al., 1989).

The microbiological safety of each food was guaran-
teed by the producers themselves, with data provided on
the labels of each package. Regarding the insect-based
products, each producer has carried out microbial qual-
ity assessment tests to ensure their safety for human
consumption. Sense Test also further performed this
validation, reproducing these analyses before the sen-
sory tests at a laboratory accredited with ISO/IEC 17025
(Mérieux NutriSciences, Silliker Portugal and S.A., Vila
Nova de Gaia, Portugal).

Experimental design
The present work is part of an intervention study that
aimed to assess the potential of incorporating edible
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Table 1 Products evaluated in the study, respective producer and country of origin, insect species, protein content and preparation/
consumption method

Menu Product Producer / brand Country Insect species Protein
content
(g/100 g)

Preparation /
consumption method

Insect Crispbread Universitá
Politecnia Delle
Marche

Italy A. domesticus 17.0 Ready-to-eat

Falafel New Generation
Nutrition

Netherlands A. diaperinus 11.0 Oven-finished

Sausages Leitat Spain A. diaperinus
and A.
domesticus
blend

13.0 Warmed in water

Spice Mix Technical
University of
Denmark

Denmark A. domesticus 38.0 Cooked with tomato
sauce and spices, and
served with Thai rice

Umami Paste Bugging Denmark A. domesticus 18.3 Heated in a frying pan
with carrots and
tomato pulp, and tasted
with spaghetti and
Parmesan cheese

Veggie Crispbread Amisa® United Kingdom Not applicable 10.8 Ready-to-eat
Falafel Iglo® Portugal Not applicable 6.7 Oven-finished
Sausages Izidoro® Portugal Not applicable 15.0 Warmed in water
Spice Mix Mother’s Recipe® India Not applicable 7.0 Heated on microwave,

and served with Thai
rice

Umami Paste Conca® Spain Not applicable 6.1 Heated in a frying pan,
and tasted with
spaghetti and
Parmesan cheese

insects into the daily diet of young Portuguese adults
through an intervention taking place in participant’s
home, focused on the delivery of food baskets contain-
ing three family portions of insect-based products a
week for six weeks (ISRCTN53814211) and to contrast
these results with a repeated exposure approach on sen-
sory laboratory (Sense Test, Portugal), the latter corre-
sponding to the data and methodology that is described
in this work.

The sensory lab tests included 116 participants, organ-
ised according to product typology to be evaluated
(insect-based or plant-based). Figure 1 shows a
schematic representation of the organisation and size of
the panels used. The participants considered as “Inter-
vention” were the ones who simultaneously took part in
the intervention study at home, while the participants

Figure 1 Representation of the groups of participants included
in the sensory tests carried out in the laboratory,
according to the type of product being tested.

labelled as “Non-intervention” only tested the products
in the lab.

Despite the type of exposure (i.e. at home [interven-
tion group] or exclusive contact in the laboratory [non-
intervention group]), all participants were exposed to
the designated foods at different intervals: Exposure
1 (corresponding to the beginning of the study and
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Figure 2 Presentation of the different evaluation moments for each of the groups (intervention and non-intervention).

the first contact with the products), Exposure 2 (corre-
sponding to the sixth week of the study and the end of
the home exposure), and Exposure 3 (corresponding to
the period of 15 days after the end of the home expo-
sure) (Figure 2).

Each participant was informed that all the products
evaluated were based on alternative proteins, and that
they would be randomly allocated to insect-based or
plant-based products.

All the tests were prepared and conducted by a duly
trained technical team in accordance with ISO 13300-
1:2006 (Sensory analysis – General guidance for the staff
of sensory evaluation laboratory – Part 1: Staff responsi-
bilities) and ISO 13300-2:2006 (Sensory analysis – Gen-
eral guidance for the staff of sensory evaluation labora-
tory – Part 2: Recruitment and training of panel leaders).

The intervention protocol was approved by the Ethics
Committee of the Faculty of Nutrition and Food Sci-
ences of the University of Porto, under number 140/
2023/CEFCNAUP.

Sensory evaluation
The tests carried out in a sensory laboratory environ-
ment were conducted under controlled and replicable
conditions, both by tracking the room’s temperature and
bymanaging the lighting in the environment, whichwas
kept at a light level close to natural light (6500K).

The study was applied to a global panel of 116 partic-
ipants exposed to the insect and plant-based menus (58
for each menu), through which overall liking scores and
open comments about the products were collected.

The data on the samples’ overall liking was collected
using a 9-point hedonic scale, ranging from: “1 – Dislike
extremely” to “9 – Like extremely” (Peryam and Pilgrim,
1957).

To complement the quantitative information col-
lected, consumers answered an open comments ques-

tion on each evaluated sample, highlighting each prod-
uct’s main positive and negative aspects. In this way, a
qualitative characterisation of the samples under study
was possible.

Statistical analysis
The significance of the effect of the intervention on
the product’s liking (split by insect or plant-based) was
assessed using a mixed repeated measures ANOVA. The
assumptions of the method, namely the normal distri-
bution of liking at the three exposure moments and the
sphericity of the data matrix, were assessed using the
Kolmogorov-Smirnov test and the Mauchly test, respec-
tively. To identify which pairs of means differed from
each other, for the interaction between the group type
(intervention vs non-intervention) and for themoments
of exposure, a multiple comparison of means with Bon-
ferroni correction was carried out. As a first assess-
ment, the Mauchly test indicates that the assumption
of sphericity has been violated for the effects of expo-
sure, χ2(2) = 0.161 − 27.059, P < 0.05 for almost all
the groups, the reason why the conclusions regarding
repeated measures will be made using the Greenhouse-
Geisser correction.

All data was analysed using the software Statistical
Package for Social Sciences (SPSS) – version 27 ®, with
all statistical tests applied at a 95% confidence level.

3 Results and discussion

Overall liking
Overall liking scores for the insect-based and plant-
based products (for both ‘Intervention’ and ‘Non-
intervention’ groups) are shown in Table 2.

It is possible to observe that regardless of the group,
all the tested products had positive scores (≥5.0) across
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Table 2 Average and standard deviation values (average ± SD) for the different tests carried out

Menu Product Intervention Non-intervention
Exposure 1 Exposure 2 Exposure 3 Exposure 1 Exposure 2 Exposure 3

Insect-based (n = 58) n = 27 n = 31
Crackers 6.7 ± 1.5(n.s) 6.5 ± 1.7(n.s) 6.4 ± 2.1(n.s) 6.2 ± 1.9(n.s) 6.2 ± 1.7(n.s) 6.4 ± 1.5(n.s)
Falafel 7.9 ± 1.2a 7.5 ± 1.4a, b 7.3 ± 1.5b 7.2 ± 1.7(n.s) 7.1 ± 1.8(n.s) 7.1 ± 1.6(n.s)
Sausages 5.4 ± 1.7(n.s) 5.3 ± 1.8(n.s) 5.3 ± 1.9(n.s) 5.3 ± 2.0b 6.0 ± 1.9a 6.0 ± 1.9a
Spice Mix 6.7 ± 2.1(n.s) 6.0 ± 2.2(n.s) 6.7 ± 1.9(n.s) 6.5 ± 2.0(n.s) 6.5 ± 1.9(n.s) 6.6 ± 2.3(n.s)
Umami Paste 8.0 ± 1.2a 7.0 ± 2.0b 7.1 ± 1.7b 7.4 ± 1.5(n.s) 7.4 ± 1.4(n.s) 7.1 ± 1.9(n.s)

Plant-based (n = 58) n = 35 n = 23
Crackers 7.2 ± 1.4(n.s) 6.7 ± 1.7(n.s) 6.9 ± 2.0(n.s) 7.0 ± 1.5(n.s) 7.2 ± 1.2(n.s) 6.9 ± 1.7(n.s)
Falafel 7.9 ± 1.4(n.s) 7.9 ± 1.3(n.s) 7.4 ± 1.7(n.s) 7.8 ± 0.9a 7.8 ± 1.2a, b 7.3 ± 1.3b
Sausages 7.8 ± 0.9(n.s) 7.3 ± 1.5(n.s) 7.3 ± 1.3(n.s) 7.7 ± 0.9(n.s) 7.5 ± 1.2(n.s) 7.5 ± 1.2(n.s)
Spice Mix 6.8 ± 1.7(n.s) 6.0 ± 2.6(n.s) 6.5 ± 2.3(n.s) 6.7 ± 2.4(n.s) 6.3 ± 2.7(n.s) 7.3 ± 1.6(n.s)
Umami Paste 5.5 ± 1.9(n.s) 5.4 ± 2.3(n.s) 5.7 ± 2.8(n.s) 5.7 ± 2.3b 5.9 ± 2.3b 7.2 ± 1.9a

a, b Homogenous groups for each product and intervention group across exposure sessions, according to mixed repeated measures ANOVA
model, across the three exposures (95% confidence).

all exposure sessions. For the insect-based products, the
samples with the highest scores (≥7.0 for both groups
across all exposure sessions) were ‘Falafel’, and ‘Umami
paste’. The ‘Falafel’ is among the most liked plant-based
products, but umami paste only had an average score
≥7.0 for Exposure 3 in the ‘Non-Intervention’ group.
Instead, the ‘Plant-based sausages’ had average scores
≥7.0 for all the exposure sessions in both groups.

Starting with global interpolations within each prod-
uct typology (i.e. plant or insect-based), it was decided
to analyse both groups of products (insect and plant-
based) separately. When examining the effect of expo-
sure sessions for insect-based products, it is notice-
able that the “Intervention” and “Non-intervention”
groups displayed different behaviours in most sam-
ples. For the ‘Falafel’ and ‘Sausage’ samples, signif-
icant differences were found for the “Intervention”
group (between exposures 1 and 3, where the lik-
ing decreased (F(1.987;51.668) = 7.332, P = 0.002))
and “Non-intervention” group (between exposure one
and exposures 2 and 3, where the liking increased
(F(1.775;53.240) = 5.901, P = 0.034)), respectively. For
‘Umami paste’, although average liking scores decreased
for both groups, this decrease was more pronounced
and significant in the “Intervention” group (F(1.586;
41.241) = 7.635, P = 0.003).

When the focus of the analysis is on plant-based
products, the results were very similar to the ones
observed for the group that evaluated insect-based sam-
ples. Once again, more positive results across exposure
sessions were observed for the “Non-intervention” group

(‘crackers’ – similar scores; ‘sausages’ – similar scores;
‘umami paste’ – increased scores) than for the “Inter-
vention” group (crackers – decreased scores; sausages –
decreased scores; umami paste – similar scores). In the
specific case of the “Non-intervention” group, for ‘falafel’
(F(1.598;35.155) = 3.650, P = 0.045) and ‘umami paste’
(F(1.506;33.135) = 8.410, P = 0.003) significant dif-
ferences were found between exposures decrease and
increase, respectively). Notably, liking decreases were
observed for the “Intervention” group in three samples
(‘crackers’, ‘falafel’ and ‘sausages’). Concerning compar-
isons in liking scores between both groups, it was pos-
sible to observe that the “Non-intervention” group gave
higher liking scores for the ‘spicemix’ and ‘umami paste’
samples.

Comparing the results between both panels (Insect vs
Plant-based), the plant-based products had higher aver-
age scores than the insect-based products (“Interven-
tion” – crackers, sausages; “Non-intervention” – crack-
ers, falafel, sausages). The only products with higher
liking scores for the insect-based samples were the
umami paste in “Intervention” groups. Furthermore, lik-
ing decreases were observed in a higher number of
insect-based products than plant-based products.

These differences are not surprising since the plant-
based products were commercially available and for-
mulations that have already undergone a high level
of sensory scrutiny. In contrast, the insect-based prod-
ucts were prototypes under development without much
work on scale-up, marketing and branding. Also, it is rel-
evant to note that the analysis of Table 1 shows that
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the insect-based products used in this research have a
higher protein content than their plant-based counter-
parts, except for sausages. Therefore, it is clear that the
process of masking the development of off-flavours typ-
ically associated with the incorporation of high levels
of insect-based proteins is still a difficult one and can
only be achieved by using protein mixtures or highly
palatable ingredients such as tomato-based sauces and
spices, since the products with the highest incorpo-
ration of spices (‘falafel’) and tomato sauce (‘umami
paste’), were the insect-based products with the high-
est level of acceptance. These results are not surprising
since it has been previously reported that in bakery-type
products, at incorporation levels of 5-10%, 10-20% and
>20%, more than 60% of evaluated samples presented
lower hedonic scores than control samples (Ribeiro et
al., 2024). Furthermore, as observed in this study, the
increased complexity of the dishes (Ssepuuya et al.,
2017) and association with familiar flavours (Megido et
al., 2014) can increase the liking scores of the developed
products.

Directing the analysis towards assessing possible cor-
relations between the intervention and non-
intervention groups, pairwise comparisons were made,
which showed no significant differences between the
groups regarding exposure (P > 0.05). Regarding the
insect products evaluated by the intervention group and
plant-based products tasted by the non-intervention
group, there was no noticeable effect of exposure (P >
0.05).

Following the topics discussed, the plant-based
umami paste sample showed an increase in value
throughout the tasting sessions. At the same time,
the insect-based protein source counterpart tended to
decrease its overall liking values throughout the differ-
ent exhibitions.

Sensory profile perception
Analysing the free elicited sensory profile of the insect-
based samples obtained through open comments in the
1st evaluation (Figure 3), the non-intervention group
associated sausages with very harmful properties (bit-
ter, unappealing, low-intensity flavour), but in the 3rd
exposure, there is no such strong association. This is also
related to a slight increase in this product’s overall lik-
ing value between the exposures mentioned earlier. On
the other hand, the opposite occurred with the inter-
vention group, which associated sausage with intense,
appealing, and spicy enough in the 1st session, and in
the last session, it was associated with an unappeal-
ing appearance. These associations with a bitter taste

and an unattractive appearance/dark colour have been
reported in other studies with insects and may jus-
tify lower levels of acceptance (Cruz-Lopez et al., 2022;
Ribeiro et al., 2022; Ribeiro et al., 2019).

In the second exposure (Figure 3), the non-
intervention group shows more significant discrimina-
tion between the samples. Between Exposures 2 and 3,
the non-intervention group also had higher liking scores
for Sausages and Spice mix, related to the less deroga-
tory association in the third exposure (Sausage: intense
(T) and appealing (A); spice mix: intense (O) and tem-
pered (T)).

In the third and final stage of exposure to the prod-
ucts (Figure 3), the samples were discriminated between
the intervention and non-intervention groups at a bal-
anced level, which correlates with their identical overall
acceptability values.

Regarding plant-based products, an initial analysis
showed a decrease in the samples’ ability to discrimi-
nate between the various sessions (Figure 4). Similarly
to what was seen in the insect-based segment, plant-
based products have a sensory perception that aligns
with the liking values presented.

Regardless of the exposure group, the products with
a decrease in liking over the three tasting sessions are
sequentially associated with more negative attributes
(crackers, falafel and sausages). On the other hand, the
reverse effect is also observed, particularly in evaluat-
ing umami paste. In the first exposure, this product is
associated with a more consistent texture, while in the
last evaluation, it is characterised mainly as a creamy
product. In terms of flavour, the product is considered
intense, a characteristic that remains unchanged over
time. It is also interesting to note that both participant
groups perceived the products similarly on the first and
second exposure, with slight differences on the third
exposure, mainly because of the bitterness associated
with ‘sausages’ on the third exposure by the ‘Interven-
tion group’.

4 Limitations

Besides all the constraints mentioned throughout the
previous sections, some additional aspects should be
reflected upon when discussing the results obtained.
One of the first limitations of this study is the rela-
tively small sample size. The research was conducted
with a sample of 116 people, who were then split into
smaller groups, which may not fully represent the diver-
sity of the target population. Additionally, participants
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Figure 3 Correlation of the insect-based products evaluated by the intervention (shown in green) and non-intervention (shown in
orange) groups in the first, second and third exposure session. The initials stand for: A – Appearance, O – Odour, Tx – Texture,
T – Taste.

were recruited through convenience sampling, which
could introduce bias and limit the conclusions of the
findings to other populations. Another limitation is that
data on personality traits and attitudes such as familiar-
ity, meat attachment, food neophobia and others were
not collected and could provide additional insights into
consumer preferences and perceptions.

5 Conclusions

Through a repeated exposure approach, this study offers
significant insights into the acceptance and sensory
perception of insect-based products among Portuguese
consumers. The results indicate that although initial
consumer scepticism regarding insect-based products
remains, repeated exposure significantly influences
overall liking and sensory perception, with differences
based on the product type. It is interesting to note that
products with strong, familiar flavours such as ‘Falafel’
and ‘Umami Paste’ showed greater consumer accep-

tance compared with other innovative options, high-
lighting the importance of flavour masking and ingre-
dient familiarity to increase the appeal of insect-based
foods.

In comparing insect-based goods to plant-based
alternatives, the latter typically earned higher ratings,
presumably because of their market accessibility and
sophisticated formulations. The prototype status of
insect-based goods highlights the necessity for more
product development, especially in concealing unpleas-
ant tastes often linked to elevated protein levels from
insects. These findings emphasize the significance of
product familiarity and the possible impact of con-
sumers’ repeated exposure to novel meals in altering
preferences.

Despite certain limitations, such as the small sam-
ple size and the lack of data on individual traits like
food neophobia, this study establishes a foundation
for future research. It suggests that focusing on prod-
uct familiarity, taste interventions, and continuous con-
sumer education could significantly reduce the stigma
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Figure 4 Correlation of the veggie samples evaluated by the intervention (shown in green) and non-intervention (shown in orange)
groups in the first, second and third exposure session. The initials stand for: A – Appearance, O – Odour, Tx – Texture, T – Taste.

around edible insects. Further research should focus on
investigating long-term consumer behaviour, individual
psychological characteristics, and the possible scalabil-
ity of these formulations within a wider market.
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