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A B S T R A C T

Edible insects as a food source might help feeding poor developing countries and at the same time be a
complementary food/ingredient for developed countries. However, in the Western countries the majority of
people refuse the idea of eating insects, for mainly cultural reasons. The main purpose of this study is to
investigate the expectations about entomophagy from a specific target group (foodies) composed by people
studying Gastronomy and Food Science. The study was held at the University of Parma (Italy) in April 2015 and
consisted in a student engagement with a so-called "bug banquet" with a cookie made with "insect flour".
Results show that almost all the sample tasted the product and is willing to try other edible insects in the future.
Curiosity is the most important reason to choose to try the cookie made with cricket flour; whereas negative
opinions of family members and friends and the disgust factor may prevent Western consumers from eating
insects in the future. However, whether edible insects will increase their acceptability will also depend heavily
on market availability (regulatory framework), food category (e.g., bakery product with insect flour) marketing
strategies, gastronomy (preparation), culinary trends and education.

Introduction

The potential use of edible insects seems extremely important in
terms of ensuring both global food and feed security (van Huis et al.,
2013). If properly managed and consumed, edible insects are con-
sidered safe for human consumption and extremely beneficial for high-
quality diets when other common food recommendations (e.g. diet
variation and portion control) are respected (Belluco et al., 2013). For
such reasons, several studies (Schösler et al., 2012; Tan et al., 2015;
Vanhonacker et al., 2013; Verbeke, 2015) have investigated whether
Western consumers are ready to adopt insects as a substitute for other
food products. Recently, the European Food Safety Authority (EFSA)
showed an interest on such topic, publishing a scientific opinion on the
risk related to the production consumption of insects as food and feed
(EFSA Scientific Committee, 2015).

Since prehistory, insects have been a food resource in many
different cultures around the world (Yen, 2009; Kouřimská and
Adámková, 2016). They have been collected from forests, freshwater
ecosystems, deserts, agricultural fields or even from farms (van Huis
et al., 2013; Vantomme, 2015; Yen, 2015). At present, nearly 2000
species are known to be edible for human consumption (Jongema,
2015). Entomophagy is a traditional food practice for at least two

billion people in many Asian, Central America, Oceania and African
regions (van Huis et al., 2013). On the other hand in the Western
countries the majority reject the idea of eating insects, for mainly
cultural reasons (DeFoliart, 1999; Mlcek et al., 2014; Sogari and
Vantomme, 2014; Tan et al., 2015; Yen, 2010).

Several factors responsible for triggering the aversion towards
eating insects as food have been identified: from unique sensory
properties and health safety issues (Kouřimská and Adámková, 2016)
as well as the reminders of something alive (Martins and Pliner, 2006;
Schösler et al., 2012). In fact, as reported by Cardello (2003) food
acceptance strongly depends both on intrinsic (sensory characteristics)
and extrinsic factors such as cognitive, cultural and social aspects.
However, as pointed out by van Huis (2013) food preferences are not
permanent and can change over time (e.g. sushi acceptance in Western
countries).

Even though entomophagy has been always considered as “rural”
and “barbarian” by Western society, recently there has been growing
interest toward insect-based products in US and Europe due to the
increasing attention from research institute, food industry and legisla-
tors to the production process of these animals (Caparros Megido et al.,
2014; van Huis, 2013).

As suggested by Martins and Pliner (2006) one way to increase
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willingness to consume novel animal foods (e.g. edible insects) is to
decrease individuals’ perceptions of the disgusting attributes of these
foods (i.e. negative perception of sensory characteristics).

To our knowledge, very few experimental studies with a “bug
banquet” have been done so far on this topic in the Western countries,
(Caparros Megido et al., 2014; Lensvelt and Steenbekkers, 2014; Looy
and Wood, 2006; Tan et al., 2015). Thus, due to the growing interest in
entomophagy in westernized countries, after an extensive literature
review, the authors organized an experiment to engage students. The
main purpose of this study is to investigate the expectations and
knowledge about entomophagy from a specific target group who enjoy
food (the so-called “foodies”) composed by people studying
Gastronomy and Food Science (food chemistry and technology, micro-
biology, culinary trends, gastronomy history, etc.). The insect-based
product chosen was a cookie because is considered a typical food in the
Western; however, in our study it was enriched by a percentage of
cricket flour. This experiment provides some insights into gastronomic
and food science students current opinion about entomophagy and its
implications for future gastronomic and culinary trends.

Methods

The study was held at the University of Parma (Italy) in April 2015
and consisted in an engagement with young “foodies”, a term referred
to people very interested in food. All the participants, students enrolled
to a Gastronomy and Food Science courses of the Department of Food
Science, 109 people (53% female and 47% male), aged between 18 and
25 years old, were invited to this public engagement thanks to a flyer
distributed at the University Campus.

The engagement was structured in five parts. The first was a brief
introduction of culture aspects about entomophagy. This short text was
aimed to give to all participants some basic information on the subject,
taking into account the low level of knowledge on the topic.

“Entomophagy” is a dietary regime which includes eating edible
insect species in their various stages of life (larva, adult, …), even
in a very small amount and not necessarily as a daily consump-
tion. Insects can be cooked with different culinary preparations
(e.g. fried, pickled, roasted) or become the ingredient for processed
food (e.g. insect flour). Their consumption is already widely
practiced among several cultures and regions in Central
America, Africa and Asia. In recent years, interest in entomophagy
has increased in Western countries, and since 2014 some
European countries (Belgium and The Netherlands) have started
to sell edible insects in supermarkets.

In the second part, the students were asked to answer a short
structured questionnaire consisting of questions to elicit open re-
sponses regarding the expectations and knowledge on specific aspects
of entomophagy (environmental, nutritional, sensory, and social) and
its introduction in Italy, and gender attribute. Moreover, respondents
were asked if they were willing to taste an edible insect and the reasons
for their decision.

Then, the third part consisted in a seminar about several aspects of
entomophagy in the Western world, held by two experts, followed by a
“bug tasting session”. Participants were also informed about the safety
of the product, the fact that the biscuit was made with insect flour and
the potential allergenicity of arthropods. Each participant was free to
decide whether to taste the insect-based cookie or not.

One species of insects was used for the experiment, the house
cricket, Acheta domesticus (L.) (Orthoptera: Gryllidae). The final
cookie product was made by replacing 10% of the traditional flour
with “cricket flour”.

The last part of the engagement was carried out after the “bug
banquet”. Using a set of items scored on a 5-point Likert scale ranging
from “strongly disagree” to “strongly agree” (Mazzocchi, 2008), the aim
was to understand the specific factors that have the greatest influence

on choosing to taste or not to taste the insect-based cookie. Every
respondent had also the opportunity to add other reasons in a special
section (“Other”). (Table 1).

Finally, the last two questions aimed to understand (1) respondent’
willingness to taste other insects in the future and (2) whether they
would recommend this experience to other people.

(1) After this experience (“bug banquet”), would you be willing to
taste other insect food products?

(2) Would you recommend to your family members/parents to
attend a similar experience with the tasting of insect food
products?

Results

Due to the sociological nature of entomophagy, both qualitative and
quantitative data were collected and analyzed. The qualitative data
obtained in the first part of the questionnaire were processed using a
content analysis technique that examines text information and identify
its key messages. Specifically, the answers were analyzed by means of
content analysis that implies coding and categorizing the questions and
counting the number of times a particular utterance was obtained. A
list of codes was compiled and grouped in several response categories
which have been discussed among the authors (van Rijswijk et al.,
2008; van Rijswijk and Frewer, 2008).

Results show that students’ opinion is divided in two different
directions. Half of our sample (47%) foresees that entomophagy might
become a culinary trend in Italy, while the other half states that it
would not be “successful”, “appropriate” or “exciting”.

More than one fourth of the participants indicated that the practice
of entomophagy would be more sustainable for the environment than
traditional animal breeding, while the majority had no opinions or
believed no effects would occur.

When asked about tasting expectations, 65.0% of the respondents
thinks the taste of edible insects is closely related to other ingredients
used in the preparation. Also the cooking preparation method used (i.e.
fried, boiled) is considered to significantly influence the final taste. In
general (73.0% of the sample), insects are considered “flavorless”,
“odorless” and “crunchy”.

More than half of those surveyed indicated the practice of introdu-
cing insects in the diet would not be approved and supported by their
family members and/or friends. While, 22.0% of the respondents
believed that even if not accepted and understood this practice would
be at least supported. Finally, only a minority (around 18.0%) believed
that people close to them would be in favor. Some participants even
stated that “my family members would be shocked”, “I would be
making a fool of myself”.

Most of our sample (67.5%) indicated they would taste edible
insects if they had the opportunity, 25.0% would not and only 7.5%
would be undecided. Some negative comments were reported, such as
“Humans are not supposed to eat insects” and “How disgusting!”.

Table 1
List of the statements for choosing to taste/not to taste a cookie with cricket flour.
Source: own elaboration.

No. Item Likert scale

1 I am curious about the taste/texture 1 2 3 4 5
2 It is an alternative source of protein 1 2 3 4 5
3 It seems inviting and appetizing 1 2 3 4 5
4 I do not trust the health and hygiene safety aspects 1 2 3 4 5
5 It does not seem inviting and appetizing 1 2 3 4 5
6 The idea that cricket flour has been used is

disgusting
1 2 3 4 5

Note: 1= Strongly disagree; 2= Disagree; 3= Neither agree or disagree; 4= Agree; 5=
Strongly agree.
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In this first part, based on the responses obtained from the open
questions no relevant difference was observed between genders.

When participants received the tasting sample (“bug experience”)
almost all of the students (94%) agreed to eat the insect-based food
product, as already seen in other similar experiments carried out in
other countries (Caparros Megido et al., 2014).

Table 2 shows the results of statements for choosing to taste a
cookie with cricket flour. The one-sample t-test indicates that the
participants scored significantly higher than the neutral option on both
the three statements. The mean score on “curiosity” (I am curious
about the taste/texture) was 4.44; the mean score on the “alternative
protein source” was 3.75, and the mean score on the “appetizing food”
(It seems inviting and appetizing) was 3.68; all means are significantly
higher than three. These findings indicate that the most frequent
reason for this decision is curiosity about the taste and texture. One-
way ANOVA analyses revealed in the Likert scale (from 1 to 5) a
significant difference for the statement “I would taste a cookie made
with cricket flour as an alternative source of protein” with a mean
value of 4.07 for males and 3.47 for the female group. Therefore, males
might be more open to consider insect as a substitute of traditional
protein source products.

On the other hand, one of the strongest barriers for refusing to taste
the insect-based cookie is the disgust factor. However, it was not
significant considering that only 6% (n=5) of our participants decided
not to taste the product.

When asked if they would be willing to taste other edible insects in
the future, 74.0% of the respondents agreed, with a significant
difference between gender (chi-square trend, 6.55; P=0.01), more for
males (86.0%) than females (64.0%). While 94.0% of the sample would
recommend this tasting experience to other people.

In the final open comments, the majority of the respondents did not
find any specific sensory differences between our insect-based cookie
(with 10.0% of cricket flour) and a traditional biscuit on the market.

Discussion and conclusions

The present study gives an overview and provides insight on
attitude and knowledge of entomophagy acceptance in Italy among
young foodies, students enrolled to courses of Gastronomic and Food
Science, and investigates the factors (stimuli or barriers) for trying/not
trying to taste an insect-based product.

The authors are aware that respondents, students belonging to a
Department of Food Science, are usually more familiar and interested
in trying new food products, and might therefore present a lower
degree of neophobia (the fear of eating unfamiliar food) than the
broader population. In fact, this exploratory study helped the authors
to develop further research on eating insects and define which are the
next research questions to focus on (i.e. Theory of Planned Behaviour
model, see Menozzi et al. (2016)).

This type of engagement (presentation and tasting experience of
edible insects), as indicated by other authors (see Looy et al. (2014)),
proves that before attempting to introduce insects into diet, one of the
main issues is to normalize entomophagy by educating the Western
population that insects are a legitimate food source.

Considering the current state of knowledge, more and better
information could lead to better acceptance of entomophagy in Italy,
and also help to reduce prejudice, fear and negative attitude of the
general public towards the consumption of edible insects (Sogari and
Vantomme, 2014).

Generally, respondents considered insects as a food source rich in
proteins and other nutritional elements. This positive perception of the
healthy characteristics of eating insects might be a strong incentive for
people more concerned about their diet. Moreover, in the period
preceding our data collection, there had been considerable press and
mass media coverage of entomophagy, which probably attracted
consumer attention and created interest in the topic of eating insects.

Reactions to the introduction of entomophagy in Italy tended to be
strongly in favor or against, and rarely neutral (see Looy and Wood
(2006)). As suggested by several authors (Balzan et al., 2016; Yen,
2009), the results signal an increasing curiosity towards the practice of
entomophagy and the willingness to try to eat product with edible
insects. Tasting sessions led by experts at food fairs, schools, museums
and other special events (e.g. “bug banquets”) would strongly facilitate
the integration of entomophagy into the West (Lensvelt and
Steenbekkers, 2014). In specific, also University courses related to
Gastronomic and Food Science should be taken in consideration as
opportunities for public engagement in order to explain and give the
possibility to taste edible insects because these students will have a
relevant role to shape knowledge and trends in the future of gastro-
nomy.

This study confirms that the most common reason for refusing to
taste an insect-based product is the disgust factor (see van Huis et al.
(2013) and Sogari (2015)).

One of the most useful findings is that willingness to taste edible
insects on future occasions increased after the tasting experiment; in
fact the percentage of participants who stated that they will not eat
insect-based product decreases from 23.7% to 7.0% (chi-square trend,
8.85; P=0.001). This confirms that the first exposure to a new food
affects the likelihood of consuming it in the future (Tuorila et al., 1994).
In addition, males rather than females were more willing to eat insects.

Our results seem to emphasize that the negative opinions of family
members and friends on the practice is relevant, and may prevent
consumers from approaching and introducing entomophagy in the
diet; this social influence has been also seen in other studies involving
both edible insects (Balzan et al., 2016; Sogari, 2015) and different
food categories (Anderson et al., 1998; Menozzi et al., 2015).

The authors are aware that consumers’ positive intention to eat
insects depends on the form and appearance of the products. Insects
can be either visible or unrecognizably processed as ingredients. It is
known that visual appearance and food texture are closely related to
food acceptance (Logue et al., 1981), so it is not possible to assume that
the perception of eating an insect-based food (i.e. cricket flour in
bakery products) is the same as the perception of eating a visible insect
(i.e. a whole cricket). It seems reasonable to assume that the invisible
insect inside a processed food might have more positive acceptance
(Materia and Cavallo, 2015; Tan et al., 2015). Further research could
investigate tasting a whole edible insect.

Finally, it is difficult to say whether edible insect, a traditional food

Table 2
Results of statements for choosing to taste a cookie with cricket flour (1= strongly disagree; 5= strongly agree), on the total sample and by gender.
Source: own elaboration.

Statement Total mean (sd) DF t-Value p-Value Male (sd) Female (sd) F-Valuea Sign.

I am curious about the taste/texture 4.44 (0.66) 102 20.75 0.000 4.45 (0.73) 4.50 (0.58) 0.116 0.734
It is an alternative source of protein 3.79 (1.01) 102 7.73 0.000 4.07 (0.99) 3.47 (0.95) 8.516 0.004**

It seems inviting and appetizing 3.68 (0.99) 102 6.77 0.000 3.76 (0.93) 3.65 (1.04) 0.307 0.581

DF: degree of freedom.
Signif. codes: ‘***’ p < 0.001; **p < 0.01; ‘*’p < 0.05.

a One-way ANOVA test on gender differences.
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source in tropical and subtropical countries, will become the “food of
the future”. Whether people will buy and eat edible insects will also
depend heavily on market availability (regulatory framework), food
category (e.g., bakery product with insect flour), gastronomy (prepara-
tion), culinary trend, marketing strategies and education.
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