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Edible insects are considered as a promising alternative for meat—derived protein to meet increasing
human demand for meat over the world. Despite the evident benefits in regard to human health (nutritious
with high fat and mineral) and the environment (less gas emission and fewer usages of water and cultivated
land), introducing and publicizing insects as a new kind of food have faced huge obstacles in both developed
and developing countries. There has been a lack of reviews focusing on consumer attitudes and behavior
(willingness to consume or acceptance) toward eating insects as food and feed. Based on an analysis of
50 originally peer-reviewed articles on reliable journals from the year 2013 to 2020, this work summarizes
consumer acceptance of insects as food and feed and systematizes factors driving or deterring consumers to
consume these foods. Further recommendations for future research are also proposed.
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INTRODUCTION

The history of eating insects as food by humans
begun several centuries ago (Dobermann et al., 2017).
It is estimated that around 2000 insect species are con-
sumed by humans in the world (Jongema, 2015; Van
Huis, 2013). While edible insects have been widely used
as an important source of protein and micronutrients in
some African and Asian developing countries, it seems
much more limited in developed counterparts (Western
countries) (Dobermann et al., 2017; Imathiu, 2020;
Raheem et al., 2018).

In recent years, the consumption of insects as food
and feed has attracted great attention from scholars and
the public, especially in Western countries. Establishing
a culture or practice of eating insects, referred to as
entomophagy, becomes more significant in such nations
when insect food is considered a good alternative for
consuming meat from livestock animals (Hartmann and
Siegrist, 2016; Tuccillo et al., 2020; Verbeke, 2015). In
addition to providing rich protein sources, entomophagy
brings several other benefits to humans and the environ-
ment when producing insects for human eating causes
less environmental pollution and requires less water
usage and land (Van Huis et al., 2013, Verbeke, 2015).
Attempts to incorporating insects as food in the diet and
making this eating culture more popular in Western soci-
ety can be facilitated due to the shortage of animal-
based protein caused by the worldwide population of
9 billion in 2050 (Imathiu, 2020; Raheem et al., 2018).

Despite these benefits of entomophagy mentioned
above, the uptake of insect food into tables remains huge
challenging in Western countries (Van Huis, 2015;
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Verbeke, 2015). Spreading edible insects as food to
become a regular protein source replaced for meat also
seems difficult in developing nations (Imathiu, 2020).
Although three was a long history of using insects as
food in Asian and African countries, the regular con-
sumption of this food seems to happen in small commu-
nities (i.e., minority or rural/mountainous areas).
Several reasons explain why insect food is not easy to
become the main diet in both developed and developing
nations. In a recent decade, an increasing number of
studies exploring consumer perceptions, evaluations,
attitudes and acceptance of insect food, especially in
European nations. Based on various approaches, survey
techniques and analytical methods, the prior studies
identified several factors affecting consumer willingness
to eat insect food such as food neophobia (reluctance to
try new or unfamiliar food), food disgust, socio—demo-
graphic characteristics (gender, age, and education),
price availability of insect food, etc (Chang et al., 2019;
Clarkson et al., 2018; Lombardi et al., 2019; Orsi et al.,
2019; Tuccillo et al., 2020; Verbeke, 2015).

Few reviews on consumer attitudes and behavior
toward insect food/feed have been done in both develop-
ing and developed countries. A review by Mancini et al.
(2019) focused on European consumers, which raised
questions related to the acceptance of insect food in
other countries. Meanwhile, some other reviews placed
more emphasis on the benefits of insect food
(Dobermann et al., 2017; Imathiu, 2020; Rumpold and
Schliiter, 2013). Importantly, to the best of our knowl-
edge, there has been a lack of a clear summary (based
on existing literature) to conclude whether or not con-
sumers accept or refuse eating insect food and how the
acceptance level differs among whole insect food,
insect-based food, and insects as feed. In addition, it
requires a comprehensive review about factors motivat-
ing or challenging consumer acceptance of insect food as
Sun-Waterhouse et al. (2016) urged more research on
psychological and cultural drivers of eating insects.
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Therefore, this work aims to provide a review of con-
sumer attitudes and acceptance of insects as food and
feed more clearly, with an emphasis on factors influenc-
ing the willingness to consume insect food in the world.
Then we propose suggestions for designing better fur-
ther research on consumer behavior toward eating
insects as food and feed.

METHODOLOGY

Search procedure

This study collected existing (original) research
papers on consumer attitudes and acceptance to try/eat/
buy insects as food and feed. It means that all prior
reviews, proceedings and abstract papers were not
included in our current analysis. All the original
research papers were published in the English language
in peer-reviewed and reliable journals from 2013 to 2021
through using online databases such as ScienceDirect
and Google Scholar.

In the first phase, a set of main keywords used to
search relevant articles included “insect(s) food”,
“insect (s) feed”, “consumer attitudes insect food/feed”,
“consumer acceptance insect food/feed”, “edible insects”.
Based on these keywords, we screened 122 papers on the
search engines. Of these work, only 50 original papers
were kept for this review. Meanwhile, we removed
72 papers (16 reviews, 32abstracts and proceedings,
24 not related to consumer aspects).

Data analysis

We used descriptive statistics as the main method of
this review. Main information of the previous studies
was extracted and reported including (i) insects as food
or feed, (ii) surveyed countries, (iii) types of partici-
pants, (iv) modes of survey, (v) types of insect food/
feed, main analytical methods, (vi) main results (i.e.,
acceptance or refusal of insect food and factors affecting
consumer attitudes and willingness to consume insects

Table 1. Characteristics of previous studies

as food and feed).

RESULTS AND DISCUSSION

Some main characteristics of previous studies on
insect food/feed

Of 50 selected papers, 70% were done in Western
countries, including Netherlands (16%), Italy (16%),
Belgium (12%), Germany (12%) (Table 1). Most prior
studies (84%) focused on insects as food (whole insect
or insect-based ingredients), while only 12% examined
insect feed. Seventy—eight percent of previous studies
recruited consumers as the research targets through
face-to—face interviews or online/web-based/email sur-
veys. Meanwhile, students were invited to participate in
the experiments (i.e., in the laboratories of university
campuses) with real taste to evaluate sensory percep-
tions or attitudes toward insect food. In addition, about
one-third of the prior studies used visual aids (insect
food images or videos) during surveys. About the ana-
lytical methods, various analyses were used such as T-—
test, ANOVA, logistic regression, multiple linear regres-
sion, choice experiment, Structural Equation Modeling
(SEM). The details of research targets, modes of sur-
veys, and analytical methods were displayed in Table 2.

Consumer attitudes and acceptance of insect food

Overall, only around 31% of the previous studies
reported that consumers had positive attitudes and/or
accepted insects as food/feed. Meanwhile, 37% con-
firmed unreadiness to try or buy insect food. Notably,
there were significant disparities in consumer accept-
ance or refusal of insect food across ways of insect pro-
cessed. Specifically, 8% of studies confirmed that con-
sumers were likely to accept whole insects as food.
Meanwhile, 35% concluded that a high rate of consumers
agreed to try food containing insect-based ingredients,
and 100% reported the willingness to consume insects as
feed (Table 3).

Number of Top specific countries References used in this review
studies surveyed
n %
Countries Netherlands (16%), Italy Alemu et al. (2016), Ankamah-Yeboah et al. (2018), Balzan et al.
(16%), (2015), Barsics et al. (2017), Berger et al. (2019), Castro and
~Western 35 70 Belgium (12%), Germany Chambers IV (2019), Chang et al. (2019), Chia et al. (2020), Cicatiello
—Non Western 9 18 (12%), Australia (8%), et al. (2016), Clarkson et al. (2018), Delicato et al. (2020), Domingues
_Both 5 12 Kenya (8%), et al. (2020), Fischer and Steenbekkers (2017), Gere et al. (2017),
US (6%) Gmuer et al. (2016), Goff and Delarue (2017), Hartmann and Siegrist
Insect food/feed (2016), Hartmann et al. (2015), House (2016), Hwang et al. (2020),
_Insect food 49 84% Lammers et al. (2019), Lensvelt and Steenbekkers (2014), Liu et al.
(2019), Llagostera et al. (2019), Lombardi et al. (2019), Manditsera et
—Insect feed 12 al. (2018), Mancuso et al. (2016), Megido et al. (2016), Menozzi et al.
_Both 4 (2017), Meyer-Rochow and Hakko (2018), Onwezen et al. (2019), Orsi

et al. (2019), Palmieri et al. (2019), Pambo et al. (2018a), Pambo et al.
(2018b), Piha et al. (2018), Ruby et al. (2015), Schaufele et al. (2019),
Sogari et al. (2019), Tan et al. (2015), Tan et al. (2016), Tan et al.
(2017a), Tan et al., (2017b), Tuccillo et al. (2020), Verbeke (2015),
Verbeke et al. (2015), Verneau (2015), Wilkinson et al. (2018), Woolf
et al. (2019)

Source: Own calculation from the listed references
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Table 2. Surveyed targets, modes of surveys, real tasting (experi-
ments), and analytical methods

n %
Surveyed target
— Consumers 39 78
— Students 10 20
— Both 1 2
Modes of survey
— Face to face 14 28
— Online/web-based/email 23 46
— Experiment 13 24
Real tasting
—Yes 15 30
—No 35 70
Main analytical methods
— Choice experiment 3 6
— Descriptive statistics/qualitative analysis 6 12
—T—test/ANOVA/Chi-square 16 32
— Regression (Linear/logistic) 15 30
- SEM 6 12
— Others 3 6

Source: Own calculation from the listed references
Note: n (number of prior studies used in this review).

Table 3. Consumer acceptance of insects as food and feed

Types of insect food (n* Likely to  Unlikely to Unknown/unre-

=65) accept accept ported/unclear
Whole insects as food 8% 60% 32%

Food v§11th insect-based 35% 27% 389%
ingredients

Insect as feed 100% 0% 0%

Source: Own calculation from the listed references.
Note *n =65 because some previous studies examined both whole
insects and insect-based ingredients

The percentage of consumers who were willing to
accept insect food varied largely among individual
research. While many work reported a low acceptance
level (i.e., 12.8% of consumers in Verbeke et al., 2015;
16% in Clarkson et al., 2018; 22% in Palmieri et al. 2019)
31% in Cicatiello et al., 2016), few showed high possibili-
ties to consume insect food (i.e., 78% in Megido et al.,
2014).

Main motives and barriers driving consumers to
try/consume insects as food and feed

Spreading the consumption of insect food in
Western society has faced several difficulties. Several
factors from socio—demographic, psychological to cul-
tural and communication influence consumer attitudes
and behavior to accept insects as food and feed.

Food neophobia and food disgust

Food neophobia, which refers to the fear of eating/
trying new or unfamiliar food, was one of the most
essential factors affecting the consumption of insects as
food. Meanwhile, disgust is examined as an adaptive
functional system protecting against pathogen infections
(Curtis et al., 2011). Disgust related to insect food is
human consideration of insects as being inappropriate
for human consumption (Tan et al., 2016). Food disgust
and neophobia are related to each other but not the
same (La Barbera et al., 2018). Many studies verified
the negative impacts of food neophobia and food disgust
on consumer acceptance and considered these factors as
the main barriers for consumers to adopt insect food
(Chang et al., 2017; Clarkson et al., 2016; Fischer and
Steenbekkers, 2017; Hartmann et al., 2015; Lammers et
al., 2019; Liu et al., 2019; Lombardi et al., 2019;
Schaufele et al. 2019; Orsi et al. 2019; Verbeke, 2015).

Cultural characters

There have been some studies on cross—cultural dif-
ferences in consumer attitudes and acceptance of insect
food. In a global survey done in 13 different countries
(Castro and Chambers IV, 2018), based on the percent-
age of consumers who were willing to try insect food,
three groups of countries were classified as unwilling
(Japan, around 20%), moderately willing (Russia, India,
Spain, Australia, US, UK, South Africa, China, and Brazil,
30 — below 50% ) and willing (Thailand, Peru, and Mexico,
over 50%). In another work, people in Asian countries
(i.e., Thai Lan and China) were found to have a more
favorable attitude and higher possibilities to accept
insect food (both processed and unprocessed) than
those in Western nations (Hartmann et al., 2015; Tan et
al., 2015).

Effects of cultural differences on consumer prefer-
ence for insect food occurred among areas/countries
within the Western region. There was a significant dif-
ference in consumer attitudes toward willingness to buy
(WTB) insect food between Northern and Central
Europe in the work of Piha et al. (2018). This difference
was also found among countries in the same region. For
instance, Danish people had higher intention and behav-
ior to buy insect food than Italians in the work of
Verneau (2016).

Rural-urban difference in consumer attitudes and
acceptance of insect food has been paid little attention
by researchers. Manditsera et al. (2018) revealed more
percentage of people in rural areas eating insect food
than those in urban (89.7% vs. 80%) areas. Also, rural
respondents (63.9%) consumed insects more regularly
than those in urban (14.5%).

Species of insects, visibility of insect food, and
ways of insect-based food processed

Although several kinds of insects can be consumed
by humans, some popular insects are much more easily
accepted, such as grasshoppers, crickets and mealworms
(Fischer and Steenbekkers, 2017).

Effects of species of insects during food processing
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on consumer attitudes and acceptance have been
explored by previous work. Schaufele et al. (2019)
found that consumers preferred grasshoppers to meal-
worms. Tuccillo et al. (2020) also ranked consumer
preference insect food from the highest to lowest as
crickets, bee larvae/grasshoppers, mealworm/silkworms,
and giant water bugs.

Food with whole insect food was found to cause con-
sumers more negative reactions and less readiness to
consume than insect-based ingredient food (Goff and
Delarue, 2017; Hartmann and Siegrist, 2016; Hartmann
et al., 2015; Lammers et al., 2019). For instance,
Lammers found that while only 16% of participants were
ready to consume unprocessed (whole) insect food, 42%
accepted to consume burgers with insect-based ingredi-
ents. Lensvelt and Steenbekkers (2014) also concluded
that the participants were more willing to eat insects
mixed than to eat them individually. However, a study in
Kenya (Alemu et al., 2017) revealed no significant differ-
ence in reaction to the whole and processed termites.

In addition, the ways of processing insect food influ-
enced largely consumer liking and buying. Meyer—
Rochow and Hakko (2018) reported that people would
be more accepted if insects were processed into flour or
pastes without any image of insects displayed in the
packages. Similarly, incorporating insects into familiar
products (e.g., biscuits) or cooked meals facilitated the
uptake of insect food into people’s diets (Wilkinson et
al., 2018). The level/amount of insects incorporated into
food as ingredients also affected consumers’ liking level.
For instance, in the work of Delicato et al. (2020), par-
ticipants reduced their liking level when adding more the
amount of insect fat replaced for butter in bakery prod-
ucts.

Safety perception of insect food and the role of
information provision

Consumer worry about the safety of insect food was
likely to prevent his/her motivation to consume this food.
Diseases and allergic reactions were perceived to be
caused by food containing ingredients from insects
(Castro and Chambers IV, 2019). The fear of being
harmful to health also occurs with insects as feed. For
instance, Verbeke et al. (2015) mentioned that consum-
ers were concern about the risk of allergens caused by
insects used as animal feed.

Gere et al. (2017) verified that many consumers did
not have adequate knowledge about the benefits of
insect food and hesitated to consume this kind of food.
Thus, providing information on insect food to the public
is important to change consumer perception as recom-
mended by Barsics et al. (2017). Alemu et al. (2016)
also recommended that it is required to provide more
information and quality assurance related to insect—
based food, which was combined with officials and media
recommendations and product labels.

Past eating
Eating experience plays a vital role in motivating
consumers to consume insects as new food. Fischer and

Steenbekkers (2017) reported that 68% of consumers
who had eating insects before would be willing to eat
again, with some popular insect food such as grasshop-
pers, crickets and mealworms. Meanwhile, all of those
who have never tried eating insects before did not want
to consume these food. Similarly, previous eating expe-
riences were an important driver of consuming insect
food in Italy, which is found in the work of Palmieri et al.
(2019).

Taste

Consumers seem to keep skeptical about eating new
food such as insect food. However, with their curiosity
combined with having chances to taste insect food, con-
sumers’ minds can be changed positively. By applying
the theory of planned behavior (TPB), Menozzi et al.
(2017) reported that consumer attitudes and intention
to consume insect food increased after they tasted this
food. In another study in Belgium (Megido et al., 2016),
the authors also concluded that insect tasting is impor-
tant to make people familiar with insect food. This con-
clusion is in line with the findings of Pambo et al.
(2018b), who confirmed the role of real taste in persuad-
ing consumers to eat insect food. Lensvelt and
Steenbekkers (2014) also highlighted as “...It seems
more important to encourage people to make “the first
step” and get them acquainted with eating insects rather
than only providing information”. The changes in con-
sumer expression had been explored more clearly in the
work of Goff and Delarue (2017), who conducted an
experiment to evaluate reactions of consumers before
and after tasting insect food. The authors concluded a
higher positive expression of consumers about insect
food after tasting the food.

Familiar food with insect-processed ingredients

Processing insects into an appropriate product has
been also essential to keep consumers consume insect
food. Tan et al. (2017a) found that insect food proper-
ties affected consumers’ sensory perceptions. Then the
authors stressed that willingness to consume insect food
depended on the food appropriateness (Tan et al.,
2017a). In another work, these authors confirmed again
the effect of insect food appropriateness on consumer
acceptance that an appropriate product context
improved the expected sensory-liking and willingness to
buy mealworm products (Tan et al., 2017b).

Information provision

Many consumers do not have adequate knowledge
about insect food due to the lack of information. Thus,
communication on the benefits of insect food can be
effective to improve consumer acceptance of this food
(Verneau et al., 2016). The positive effect of informa-
tion on the nutritional value of insect-based food on con-
sumers’ attitudes through officials was also verified by
the work of Alemu et al. (2017). Another way to affect
consumer evaluations of insect food was through peer
and expert influence as recommended by Berger et al.
(2019).
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Socio—-demographic factors

Effects of socio—demographic variables on consumer
attitudes and readiness to adopt insects as food and feed
were not found to be much significant in prior work.
While some work verified that gender, age, and educa-
tion influenced consumer acceptance of insect food,
other studies could not confirm these effects.

Gender

Some research found the gender difference also
leads to the difference in accepting insects as food. For
instance, males were more likely to accept insect food
(Schaufele et al., 2019; Tuccillo et al. 2020; Verbeke,
2015). Lammers et al. (2019) also pointed that men had
more intention to eat the unprocessed insects than
women.

In addition, the perception of insect food varies dif-
ferently between men and women. In a study on the
effects of information provision on consumer attitudes,
Barsics et al. (2017) found that men’s evaluations of
overall linking and flavor scores were more significantly
influenced by information provision about insect food.
Similarly, Ruby et al. (2015) concluded that men had a
higher willingness to try insect food than females did.
However, in a global survey, Castro and Chambers IV
(2018) reported no correlation between gender and will-
ingness to eat insect food.

Age

Young people (especially attached with males) will
be more ready to consume insect food (Verbeke 2015).
By contrast, older people tended to consume more
insect food in a study in Asian countries such as China
(Liu et al., 2019). In another study, Lammers et al.
(2019) found that age did not influence consumer

acceptance of insect food.

Education

Few studies examined the impact of education on
consumer acceptance of insect food. Highly educated
consumers tended to accept eating insect food more eas-
ily than low ones (Cicatiello et al., 2016). However, no
significant effect of education was found in the work of
Lammers et al. (2019).

Steps to incorporate and popularize insect food
products

Based on the factors influencing consumer attitudes
and behavior toward eating insect food mentioned
above, we propose steps to incorporate and popularize
insect food products in consumers’ diets in Fig. 1.
Accordingly, the first step is to design insect food prod-
ucts that are appropriate and attractive to consumers.
This requires the selection of popular insects easily
accepted by people across their personal and cultural
characteristics. Processing insects to become food must
meet the requirement of food safety as suggested in pre-
vious work (Imathiu et al., 2020; Rumpold and Schliiter,
2013). It is also important to produce insect food based
on the texture, smell, color and visibility of insects that
make and attract people more familiar with this kind of
food. Importantly, the information of these insect food
products should be traceable and transparent with clear
labels or quality claims. The second step is to success-
fully introduce to early adopters by offering them a
chance to taste and try eating insect food. This stage
requires a comprehensive evaluation of consumers’ per-
ception, attitudes and readiness to accept insects as food
based on their socio—demographic and psychological—-
cultural characteristics. Proper communication strate-

strict safety
management

attractive insect
food products

Packaging
insect-based food
with reliable
safety
certifications and
quality claims

of insect food

———— Proper communic.ation
seleoting about benefits of insect

] . food to human health T :
specific kinds of Availability Sufficient
insects that are ¢ of insect food insect
easily accepted E‘ —S:)(_:i:)- TTTTTTT —: in market production
by consumers | demopspiic :

e e i “a

Handling and Designing , Reeul
Processmg appropriate and ConsumerS. SENBE .
hsectstrider early adoption consumption

of insect food

| |
E Psychological : Price of Raising
[ flld_ Eu_lt_u_rzil _____ | insect food awareness
compared of insect
¢ with that of food to the
Marketing strategies to animal- environment
offer consumers based meat

tasting insect food

Fig. 1. Steps to incorporate insect food into consumers’ tables.
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gies about the benefits of insect food to human health
should be implemented efficiently and widely to the pub-
lic as recommended by Verneau et al. (2016). In the
final phase, more efforts should be placed to encourage
early adopters to become regular eaters of insect food.
To do this, maintaining a sufficient supply of edible
insects and displaying insect food to markets (i.e., in
shops or supermarkets as suggested by Alemu et al.,
2016) is vital. The price of insect food in comparison
with that of domestic animal-sourced protein is also
needed. At this stage, the environmental benefits of
entomophagy to the public should be highlighted, which
facilitates consumers to maintain eating insect food in a
long—run period.

Suggestions for further research on insect food

Further understanding about consumer behavior to
consume new food such as edible insects is needed.
Based on this review, some below suggestions are recom-
mended for research on this field in the future. First, it
is urgent to have more research on the popularity of eat-
ing (regular consumption) insect food in Eastern areas
(Asian, African, and Latin American countries) where
people are more familiar with insect food, which is also
recommended by other scholars (Dobermann et al.,
2017). This is expected to find possible ways to com-
mercialize insect food production in such countries.
Second, differences in consumer attitude and accept-
ance of insect food across geographical or cross—cultural
sites (i.e., urban vs. rural, Eastern vs. Western countries)
in relation to personal/psychological characteristics
(high vs. low food neophobia or food disgust) should be
more explored. Estimating the confounding effects of
these factors could better understand and identify mar-
ket segments for insect food businesses. Third, further
research on consumer attitudes and acceptance of insect
food with certified and non—certified by safety certifica-
tions/quality labels needs to be done. When many con-
sumers (especially in Western countries) keep food neo-
phobia and food disgust caused by their fear of food
insect safety (Imathiu, 2020), the role of safety certifica-
tions or quality labels toward consumer acceptance of
insect food should be paid much attention. Forth, it is
needed to have more research on the impact of specific
insect species used in insect food on consumer attitudes
and acceptance. This facilitates to design appropriate
and attractive insect food for both early adopters and
regular consumers. Finally, the competitiveness of
insect food (i.e., in terms of price, deliciousness, availa-
bility and convenience) compared with traditional food
(pork, chicken, beef) should be more concerned.
Currently, consumers still prefer livestock animal-based
meat to insect food. Thus more research is highlighted
to evaluate willingness to pay for insect food attributes
in comparison with such traditional food.

LIMITATIONS AND CONCLUSION

Despite our efforts to provide a review of consumer
attitudes and acceptance of insect food worldwide, some

limitations are unavoidable and need to be mentioned.
This review only gathers the latest original articles in
English languages in the period of 2013 — 2020, which
left some other studies outside these criteria. Another
limitation is related to the complex of previous work in
terms of objectives and methodologies, which makes it
difficult to synthesize findings of such papers into visual
basic statistics on tables or figures. Also, bias in tar-
geted—area surveys (many Western vs. few Eastern
countries) limits us to make the comparison in consumer
behavior between two different cultural regions.

Based on the existing literature on consumer behav-
ior toward insect food, this review confirms that almost
work focused on insects as food in Western countries.
Generally, Western consumers exhibit negative evalua-
tions and low readiness to adopt insect food compared
with Eastern counterparts. Food neophobia and food
disgust are considered as the main barriers to the uptake
of this food into the human diet in Western society.
Cultural differences, insect species, visibility of insect
food, ways of processing insect food, perception of
insect food safety also influence consumer willingness to
eat insect food. Designing appropriate and attractive
insect food products with publicizing the benefits (espe-
cially to human health) of this food more widely are
essential to early adopters. Meanwhile, establishing
competitiveness about prices and availability/conveni-
ence in providing insect food compared to traditional
animal-derived meat should be much emphasized to
develop regular consumers of such food.

AUTHOR CONTRIBUTIONS

Hai Minh NGO designed the analysis, collected prior
studies and analyzed the data, wrote and finalized the
manuscript. Masahiro MORITAKA designed the analysis,
supervised data collection, provided critical suggestions
on data analysis, revised and finalized the manuscript.

ACKNOWLEDGEMENT

This work was supported by JSPS KAKENHI Grant
Number JP18KT0045.

REFERENCES

Alemu, M. H., S. B. Olsen, S. E. Vedel, K. O. Pambo and V. O. Owino
2017 Combining product attributes with recommendation and
shopping location attributes to assess consumer preferences for
insect-based food products. Food Quality and Preference, 55:
45-57

Ankamah-Yeboah, I., J. B. Jacobsen and S. B. Olsen 2018
Innovating out of the fishmeal trap: The role of insect-based fish
feed in consumers’ preferences for fish attributes. British Food
Journal, 120(10): 2395-2410

Balzan, S., L. Fasolato, S. Maniero and E. Novelli 2016 Edible
insects and young adults in a north—east Italian city an explora-
tory study. British Food Journal, 118(2): 318-326

Barsics, F., R. Caparros Megido, Y. Brostaux, C. Barsics, C. Blecker,
E. Haubruge and F. Francis 2017 Could new information
influence attitudes to foods supplemented with edible insects?.
British Food Journal, 119(9): 2027-2039

Bergera, S., F. Christandl, D. Bitterlina and A. M. Wyss 2019 The



Consumer Acceptance of Insect Food: A Review 265

social insectivore: Peer and expert influence affect consumer
evaluations of insects as food. Appetite, 141: 104338

Castro, M. and E. Chambers IV 2019 Willingness to eat an insect
based product and impact on brand equity: A global perspective.
Journal of Sensory Studies, 34(2): e12486

Chang, H-P., C-C. Ma and H-S. Chen 2019 Climate Change and
Consumer’s Attitude toward Insect Food. International
Journal of Environmental Research and Public Health, 16:
1606

Chia S. Y., J. Macharia, G. M. Diiro, M. Kassie, S. Ekesi, J. J. A van
Loon, M. Dicke and C. M. Tanga 2020 Smallholder farmers’
knowledge and willingness to pay for insect-based feeds in
Kenya. PLoS ONE, 15(3): e0230552

Cicatiello, C., B. De Rosa, S. Franco and N. Lacetera 2016
Consumer approach to insects as food: barriers and potential for
consumption in Italy. British Food Journal, 118(9): 2271-
2286

Clarkson, C., M. Mirosa and J. Birch 2018 Consumer acceptance
of insects and ideal product attributes. British Food Journal,
120(12): 2898-2911

Delicato, C., J. J. Schouteten, K. Dewettinck, X. Gellynck and D. A.
Tzompa—Sosa 2020 Consumers’ perception of bakery prod-
ucts with insect fat as partial butter replacement. Food Quality
and Preference, 79: 103755

Dobermann, D., J. A. Swift and L. M. Field 2017 Opportunities
and hurdles of edible insects for food and feed. Nutrition
Bulletin, 42: 293-308

Domingues, C. H. dF, J. A. R. Borges, C. F. Ruviaro, D. Gomes
Freire Guidolin and J. Rosa Mauad Carrijo 2020 Understanding
the factors influencing consumer willingness to accept the use
of insects to feed poultry, cattle, pigs and fish in Brazil. PloS
ONE, 15(4): 0224059

Fischer, A. R. H. and L. P. A. (Bea) Steenbekkers 2018 All
insects are equal, but some insects are more equal than others.
British Food Journal, 120(4): 852-863

Gere, G., G. Székely, S. Kovacs, Z. Kékai and L. Sipos 2017
Readiness to adopt insects in Hungary: A case study. Food
Quality and Preference, 59: 81-86

Gmuer, A., J. N. Guth, C. Hartmann and M. Siegrist 2016 Effects
of the degree of processing of insect ingredients in snacks on
expected emotional experiences and willingness to eat. Food
Quality and Preference, 54: 117-127

Goff, G. L. and J. Delarue 2017 Non-verbal evaluation of accept-
ance of insect-based products using a simpl.e and holistic analy-
sis of facial expressions. Food Quality and Preference 56:
285-293

Hartmann, C. and M. Siegrist 2016 Becoming an insectivore:
Results of an experiment. Food Quality and Preference, 51:
118-122

Hartmann, C., J. Shi, A. Giusto and M. Siegrist 2015 The psychol-
ogy of eating insects: A cross—cultural comparison between
Germany and China. Food Quality and Preference, 44: 148—
156

House, J. 2016 Consumer acceptance of insect-based foods in
the Netherlands: Academic and commercial implications.
Appetite, 107: 47-58

Hwang, J., J. Y. (J.). Choe, J. J. Kim 2020 Strategy for enhancing
the image of edible insect restaurants: Focus on internal envi-
ronmental locus of control. Jouwrnal of Hospitality and
Tourism Management, 45: 48-57

Imathiu, S. 2020 Benefits and food safety concerns associated
with consumption of edible insects. NF'S Journal, 18: 1-11

Jongema, Y. 2015 List of edible insect species of the world.
Accessed in 25 February 2021. http:/www.ent.wur.nl/UK/
Edible+insects/Worldwide+species+list/

La Barbera, F., F. Verneau, M. Amato and K. Grunert 2018
Understanding Westerners’ disgust for the eating of insects: The
role of food neophobia and implicit associations. Food Quality
and Preference, 64: 120-125

Lammers, P., L. M. Ullmann and F. Fiebelkorn 2019 Acceptance
of insects as food in Germany: Is it about sensation seeking, sus-
tainability consciousness, or food disgust? Food Quality and

Preference, 77: 78-88

Lensvelt, E. J. S. and L. P. A. Steenbekkers 2014 Exploring
Consumer Acceptance of Entomophagy: A Survey and
Experiment in Australia and the Netherlands. Ecology of Food
and Nutrition, 53(5): 543-561

Liu, A-J., J. Li and M. I. Gémez 2019 Factors Influencing
Consumption of Edible Insects for Chinese Consumers. [nsects,
11: 10

Llagostera, P. F., Z. Kallas, L. Reig and D. A. de Gea 2019 The
use of insect meal as a sustainable feeding alternative in aqua-
culture: Current situation, Spanish consumers’ perceptions and
willingness to pay. Journal of Cleaner Production, 229: 10-21

Lombardi, A., R. Vecchio, M. Borrello, F. Caracciolo and L. Cembalo
2019 Willingness to pay for insect-based food: The role of
information and carrier. Food Qualily and Preference, 72:
177-187

Manditsera, F. A.; M. Catriona, M. Lakemond, V. Fogliano, C. J.
Zvidzai, P. A. Luning 2018 Consumption patterns of edible
insects in rural and urban areas of Zimbabwe: taste, nutritional
value and availability are key elements for keeping the insect
eating habit. Food Security, 10: 561-570

Megido, R. C., C. Gierts, C. Blecker, Y. Brostaux, E. Haubruge, T.
Alabi, F. Francis 2016 Consumer acceptance of insect-based
alternative meat products in Western countries. Food Quality
and Preference, 52: 237-243

Megido, R. C., L. Sablon, M. Geuens, Y. Brostaux, T. Alabi, C.
Blecker, D. Drugmand, E. Haubruge and F. Francis 2014
Edible Insects Acceptance by Belgian Consumers: Promising
Attitude for Entomophagy Development. Journal of Sensory
Studies, 29(1): 14-20

Menozzi, D., G. Sogari, M. Veneziani, E. Simoni and C. Mora 2017
Eating novel foods: An application of the Theory of Planned
Behaviour to predict the consumption of an insect-based prod-
uct. Food Quality and Preference, 59: 27-34

Meyer—-Rochow, V. B. and H. Hakko 2018 Can edible grasshop-
pers and silkworm pupae be tasted by humans when prevented
to see and smell these insects? Journal of Asia—Pacific
Entomology, 21: 616-619

Onwezen, M. C., J. van den Puttelaara, M. C. D. Veraina and T.
Veldkamp 2019 Consumer acceptance of insects as food and
feed: The relevance of affective factors. Food Quality and
Preference, 77: 51-63

Orsi, L., L. L.Voege and S. Stranieri 2019 Eating edible insects as
sustainable food? Exploring the determinants of consumer
acceptance in Germany. Food Research International, 125:
108573

Palmieri, N., M. A. Perito, M.C. Macri and C. Lupi 2019 Exploring
consumers’ willingness to eat insects in Italy. British Food
Journal, 121(11): 2937-2950

Pambo, K. O., J. J. Okello, R. M. Mbeche, J. N. Kinyuru, M. H.
Alemu 2018a The role of product information on consumer
sensory evaluation, expectations, experiences and emotions of
cricket—flour—containing buns. Food Research International,
106: 532-541

Pambo, K.O., R. M. Mbeche, J. J. Okello, G. N. Mose and J. N.
Kinyuru 2018b Intentions to consume foods from edible
insects and the prospects for transforming the ubiquitous bio-
mass into food. Agriculture and Human Values, 35: 885-898

Piha, S., T. Pohjanheimo, A. Lihteenméaki-Uutela, Z. Kr'eckova and
T. Otterbring 2018 The effects of consumer knowledge on the
willingness to buy insect food: An exploratory cross-regional
study in Northern and Central Europe. Food Quality and
Preference, 70: 1-10

Raheem, D., C. Carrascosa, O. B. Oluwole, M. Nieuwland, A.
Saraiva, R. Millan and A. Raposo 2018 Traditional consump-
tion of and rearing edible insects in Africa, Asia and Europe.
Critical Reviews in Food Science and Nutrition, 59(14):
2169-2188

Ruby M.B., P. Rozin and C. Chan 2015 Determinants of willing-
ness to eat insects in the USA and India. Journal of Insects as
Food and Feed, 1(3): 215-225

Rumpold, B. A and O. K. Schliiter 2013 Potential and challenges



266 H. M. NGO and M. MORITAKA

of insects as an innovative source for food and feed production.
Inmovative Food Science and Emerging Technologies 17:
1-11

Schéufele, 1., E. Barrera Albores, U. and Hamm 2019 The role of
species for the acceptance of edible insects: evidence from a
consumer survey. British Food Journal, 121(9): 2190-2204

Sebastian Berger, S., F. Christandl, D. Bitterlin and A. M. Wyss
2019 The social insectivore: Peer and expert influence affect
consumer evaluations of insects as food. Appetite, 141: 104338

Sogari, G., D. Bogueva and D. Marinova 2019  Australian
Consumers’ Response to Insects as Food. Agriculture, 9: 108

Sun-Waterhouse, D., G. I. N. Waterhouse, L. You, J. Zhang, Y. Liu,
L. Ma, J. Gao and Y. Dong 2016 Transforming insect biomass
into consumer wellness foods: A review. Food Research
International, 89: 129-151

Mancuso, T., L. Baldi and L. Gasco 2016 An empirical study on
consumer acceptance of farmed fish fed on insect meals: the
Italian case. Aquaculture International, 24: 1489-1507

Tan, H. S. G., A. R. H. Fischer, P. Tinchan, M. Stieger, L. P. A.
Steenbekkers and H. C. M. van Trijp 2019 Insects as food:
Exploring cultural exposure and individual experience as deter-
minants of acceptance. Food Quality and Preference, 42:
78-89

Tan, H. S. G., C. J. Tibboel and M. Stieger 2017a Why do unusual
novel foods like insects lack sensory appeal? Investigating the
underlying sensory perceptions. Food Quality and
Preference, 60: 48-58

Tan, H. S. G., E. van den Berg and M. Stieger 2016 The influence
of product preparation, familiarity and individual traits on the
consumer acceptance of insects as food. Food Quality and
Preference, 52: 222-231

Tan, H. S. G., Y. T. Verbaan and M. Stieger 2017b How will better
products improve the sensory-liking and willingness to buy

insect-based foods? Food Research International, 92: 95-105

Tuccillo, F., M. G. Marino, L. Torri 2020 Italian consumers’ atti-
tudes towards entomophagy: Influence of human factors and
properties of insects and insect-based food. Food Research
International, 137: 109619

Van Huis, A. (2015). Edible insects contributing to food security?
Agriculture & Food Security, 4: 20

Van Huis, A. 2013 Insects as food in Sub—Saharan Africa. Insect
Science and its Application, 23: 163-185

Van Huis, A., J. Van Itterbeeck, H. Klunder, E. Mertens, A.
Halloran, G. Muir and P. Vantomme (2013) Edible insects:
future prospects for food and feed security. Food and agricul-
ture organization of the United Nations (FAO). Accessed in 22
February 2021. http://www.fao.org/3/i3253e/i32563e.pdf

Verbeke, W. 2015 Profiling consumers who are ready to adopt
insects as a meat substitute in a Western society. Food Quality
and Preference, 39: 147-155

Verbeke, W., T. Spranghers, P. De Clercq, S. De Smet, B. Sas and
M. Eeckhout 2015 Insects in animal feed: Acceptance and its
determinantsamong farmers, agriculture sector stakeholders
and citizens. Animal Feed Science and Technology, 204:
72-87

Verneau, F., F. La Barbera, S. Kolle, M. Amato, T. D. Giudice, K.
Grunert 2016 The effect of communication and implicit asso-
ciations on consuming insects: An experiment in Denmark and
Italy. Appetite, 106: 30-36

Wilkinson, K., B. Muhlhausler, C. Motley, A. Crump, H. Bray and R.
Ankeny 2018 Australian Consumers’ Awareness and
Acceptance of Insects as Food. Insects, 9: 44

Woolf, E., Y. Zhu, K. Emory, J. Zhao and C. Liu 2019 Willingness
to consume insect—containing foods: A survey in the United
States. LWT — Food Science and Technology, 102: 100-105



