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Simple Summary: Climate change is one of the drivers of change towards sustainable food systems
food security. Therefore, food security is a priority all around the world and across different sectors
of society. Edible insects are recommended as a sustainable source of food of animal origin, but their
acceptance is very diverse across cultures and countries. Therefore, our work investigated the per-
ceptions of consumers about edible insects in 14 countries. We concluded that depending on origin,
the level of knowledge is different, which is a starting point to design more focused campaigns to
promote Els, not only in non-insect-eating countries, but also in insect-eating countries. Better
knowledge about the health effects of Els and their nutritive value is a driver of change.

Abstract: Insects have been consumed for time immemorial in many regions of the globe. However,
in other parts, they are not traditionally eaten. Because they are a more sustainable source of animal
protein and provide valuable nutrients as well as bioactive compounds with beneficial effects on
the human body, their consumption is encouraged. Knowledge can serve as a tool for better ac-
ceptance of insects as food. In this context, the present work investigated the knowledge about the
nutritional value and health effects of edible insects in different countries. Data were collected by
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employing a questionnaire survey translated into the different languages of all participating coun-
tries and were treated using statistical tools. A total of 7222 responses were obtained. The results
indicated that for many issues, the participants manifested a neutral opinion (neither agree nor dis-
agree), but the participants who manifested agreement/disagreement were generally well informed.
They were also able to identify untrue facts and answer accordingly by disagreeing. Factor analysis
showed four groups of questions: nutritive value, negative perception and risks, safety and benefits
of insects and contamination and harmful components. Finally, significant differences were ob-
served according to the sociodemographic variables studies (sex, age, education, living environment
and country), with age and country being the most influential of the sociodemographic factors on
knowledge. Therefore, increasing knowledge is envisaged as an essential factor in augmenting the
recognition of edible insects as a nutritional food, presenting health benefits apart from being a more
sustainable source of animal protein when compared with beef or pork meats.

Keywords: knowledge; edible insects; factor analysis; nutritional value; health effect

1. Introduction

The consumption of insects as food has been a long tradition for some populations
worldwide, but they are not at all part of the cultural gastronomic heritage of other re-
gions. The practice of eating insects, known as entomophagy, has a contribution to the
feeding habits of some populations, having both nutritional and health roles. The practice
of eating insects is incorporated into the traditional gastronomic culture in many societies,
particularly in tropical and sub-tropical countries in Asia, Africa and Latin America [1]. In
contrast, in Western countries, most consumers are not familiar with edible insects (EIs),
and some have not even tried them [2]. Nowadays, most of the insects available on the
market are farmed and then processed to powder, being incorporated into other foods
more familiar to Western consumers [3]. Sogari et al. [4] provided an overview of ento-
mophagy at present in both insect-eating communities and non-insect-eating ones. Their
study included participants from five countries: Belgium and Italy in Europe, China in
Asia, and Mexico and the USA in North America. Their results showed that food neo-
phobia and disgust were negatively associated with the will to eat insects, regardless of
them being processed or whole.

Els also play a part in society for economic reasons and ensure the livelihood of rural
communities, as well as cultural or religious traditions [5-7]. On the other hand, in West-
ern countries, the consumption of Els is a more recent phenomenon, motivated by their
contribution to sustainability, nutritional value and benefits [8]. In addition, their gastro-
nomic value has been disseminated through renowned chefs, thus contributing to their
valorisation as a gourmet food providing palatable new experiences [9,10].

Apart from their previously described roles, Els contribute to the environment by
providing biodiversity [11] and by being sustainable sources of animal protein. They re-
quire fewer land areas, they produce lower amounts of greenhouse gases, and they con-
sume lower quantities of water and feed [12]. For these reasons, the FAO of the United
Nations recommends their consumption as a part of the global strategy for sustainability
and food safety [13].

Els have a rich composition in several macro- and micronutrients: for example, pro-
teins and a diversity of amino acids, including essential amino acids, fat and, particularly,
unsaturated fatty acids; carbohydrates, including dietary fibre; and vitamins, such as ri-
boflavin, pantothenic acid, biotin, and folic acid, and minerals such as copper, iron, mag-
nesium, manganese, phosphorus, selenium, and zinc [14]. Additionally, Els contain bio-
active compounds with benefits for human health, as a number of recent studies have
demonstrated [15,16]. Among the bioactive compounds are the bioactive peptides from
insects [17], which carry benefits for human health due to their antioxidant, antimicrobial
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and antidiabetic properties. Also, these peptides exhibit the capacity to inhibit the angio-
tensin I-converting enzyme. Moreover, they can be advantageous to the food systems, and
they can be used as food ingredients to produce functional foods [17].

The nutritional and bioactive properties of Els confirm their long-time use for healing
purposes among entomophagic communities. The therapeutic potentialities of Els have
been preserved by traditional healers, but in the present day, the therapeutic knowledge
regarding Els can assist modern medicine [18-22]. A work by Devi et al. [18] focused on
the role of Els on traditional medicine as well as their value for achieving modern human
health. In Northeast India, some people possess a traditional knowledge about the value
of insects as medicine for healing a number of diseases. Around 90 species of Els are re-
ported as being used in medicine by a number of indigenous communities [18]. Concern-
ing the modern utilisation of Els for healing purposes, a work by Nowakowski et al. [23]
highlighted the potential benefits for human health associated with Els. In the work, the
roles of Els in the management of chronic diseases like diabetes, cancer and cardiovascular
disease were pointed out, as well as their roles in enhancing immune function [23]. It was
reported that an increase in probiotic bacterium Bifidobacterium animalis and a reduction
in plasma tumour necrosis factor was as a result of consuming cricket powder. As a result,
an associated effect has been described to improve health in various diseases, like rheu-
matoid arthritis, inflammatory bowel diseases, multiple sclerosis, and multiple types of
cancer [24,25].

Nevertheless, the use of EIs must be risk-free, and therefore, some attention must also
be paid to the possible and nutritional or harmful effects of EI, such as the risk they can
pose to health. Among the anti-nutritional factors, the presence of compounds like oxa-
lates, phytates, or saponins, which diminish the absorption of nutrients like proteins or
minerals, can be highlighted in some Els. Other hazards may result from microbial or
pesticide contamination [15,26,27]. Mwelwa et al. [28] investigated the bio-transfer of
heavy metals along the EI food chain, from soil to plant to Els to humans at the end of the
chain. They concluded that there is a potential bio-transfer of heavy metals along the Els
chain when insects are harvested in environments polluted with heavy metals, thus pos-
ing a serious risk to human health. However, in Western countries, where the Els are not
harvested in the wild but reared in farms, the production is controlled, and Els are safe
for human consumption [29].

Considering the sustainability implications of consuming Els, as well as their nutri-
tional and health effects, knowledge plays a fundamental role in their acceptance and
wider consumption. The consumption of Els may be intensely shaped by factors of cul-
tural nature, personal traits, expectations, and knowledge about their effects on nutrition
and health and their environmental and economic impacts. Nevertheless, although it is
very common to find studies about the motivations for the consumption of Els in the sci-
entific literature [30-33], studies focusing on knowledge about Els are much more scarce,
and they can assume importance in shaping the consumer’s will to accept Els as part of
their usual diets. Therefore, the aim of this study was to investigate how the participants
from 14 different countries perceive some nutritional facts and health effects of Els, and
how the level of information can be influenced by sociodemographic characteristics such
as country, age, sex, level of education or living environment.

2. Materials and Methods
2.1. Instrument and Data Collection

This work was conducted through a questionnaire survey in the ambit of the inter-
national project EISuFood whose instrument was validated in a previous work [33]. Ethi-
cal approval was obtained from the Ethics Committee of the Polytechnic University of
Viseu (Ref. N® 45/SUB/2021).

The questionnaire contained 10 questions about nutritional and anti-nutritional as-
pects of Els and 10 questions about the positive or negative health effects of Els (Table 1).
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The respondents had to answer the 20 questions using a 5-point central Likert scale: 1 =
strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, and 5 = strongly
agree [34].

Table 1. Questions used to assess knowledge about nutrition and the health effects of EI.

%

Item Description

Insects have poor nutritional value

Insects are a good source of energy

Insects have high protein content

Insect proteins are of poorer quality compared with other animal species

Insects provide essential amino acids necessary for humans

Insects contain group B vitamins

Insects contain dietary fibre

Insects contain minerals of nutritional interest, such as calcium, iron and magnesium

O O NI O U i WO N =

Insects contain fat, including unsaturated fatty acids

10 Insects contain anti-nutrients, such as oxalates and phytic acid

11  There are appropriate regulations to guarantee food safety of edible insects
12 Insects are used by some people in traditional medicine

13 Eating insects poses a substantial risk to human health

14  Industrial-processed insect products are hygienic and safe

15 Insects and insect-based foods are often infected by pathogens and parasites
16  Insects collected from the wild may be contaminated with pesticide residues
17 In certain countries, insects are approved officially for therapeutic treatment
18  Insects contain bioactive compounds beneficial to human health

19  Insects are potential sources of allergens

20  Aflatoxins, which are carcinogens, can be present in insects

Data collection took place simultaneously in 14 countries: Brazil, Croatia, Greece, Lat-
via, Lebanon, Lithuania, Mexico, Poland, Portugal, Romania, Serbia, Slovenia, Spain and
Turkey. All ethical principles were followed for the data collection, including informed
consent, guarantee of anonymity of the responses and the right to cancel participation
during the filling of the questionnaire. Data collection took place using online tools, only
involving adult citizens (aged 18 years old or over) who expressed their informed consent
and the will to participate voluntarily and without any monetary reward.

2.2. Sample Characterisation

A total of 7222 validated answered questionnaires were obtained, with a geograph-
ical distribution as indicated in Figure 1. This study included participants from the Amer-
ican continent (Mexico in North America and Brazil in South America), Western Europe
(Portugal and Spain in the Iberian Peninsula), Northern Europe (Poland, Latvia and Lith-
uania), Central Europe (Romania, Serbia, Croatia and Slovenia), South Europe (Greece)
and the Middle East (Turkey and Lebanon).
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Figure 1. Geographical distribution of the participants in the study (N = 7222).

The participants were mostly female (63.5%), with a lower participation of males
(35.9%). The distribution of the participants according to age classes was 47.4% aged be-
tween 18 and 30 years, 37.0% aged between 31 and 50 years, and 15.6% aged 51 years or
more. The majority lived in urban areas (65.6%), but some lived in rural environments
(19.1%) or suburban areas (15.3%). With respect to education level, 35.8% did not achieve
a university level, 32.3% completed a university degree, and 31.9% had completed post-
graduate studies (Masters or Doctorate degrees).

2.3. Statistical Analysis

For all statistical analyses, we used SPSS Version 28 (IBM, Inc., Armonk, NY, USA).
Some basic descriptive statistics were used, such as frequency tables for sociodemo-
graphic variables and for the 20 questions used in the questionnaire to assess the level of
knowledge about Els” nutritional value and health effects.

An exploratory analysis of the items used in the questionnaire was performed using
factor analysis (FA) with the method of principal components (PCs). Prior to the analysis,
it was confirmed whether the data were suitable for the FA analysis [35]. One of the criteria
related to the correlation matrix should identify possible correlations between the varia-
bles. The second criterion was the value of the Kaiser-Meyer-Olkin (KMO) measure of
adequacy, whose values should indicate adequacy according to the following scale: excel-
lent for 0.9 <KMO £1.0, good for 0.8 < KMO < 0.9, acceptable for 0.7 < KMO < 0.8, tolerable
for 0.6 < KMO < 0.7, bad for 0.5 < KMO < 0.6, and unacceptable for KMO < 0.5. The third
criterion was the significance of Bartlett’s test, considering a 5% level of significance [36].

After the confirmation that the data were suitable to apply the FA, we performed the
analysis with the PC method and Varimax rotation. The Kaiser normalization was used to
extract the relevant factors with eigenvalues above 1. To investigate the percentage of var-
iance explained by the factors extracted, the communalities were used [35]. When classi-
fying the variables (questions) according to the factors extracted by the FA, the variables
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with factor loadings whose absolute value was lower than 0.4 were excluded for having a
low relevance to the factor [37,38]. To quantify the internal consistency of each factor, the
standard measure of Cronbach’s alpha (a) was used [35,39], whose values are interpreted
as follows: desirable values should be over 0.7 and preferably over 0.8, which corresponds
to a very good internal consistency. Nevertheless, some authors also state that values over
0.5 could be acceptable [40-42].

The data collected were subjected to a one-way analysis of variance (ANOVA) to eval-
uate possible differences across sociodemographic groups, and in order to identify which
means were significantly different from the others, the Tukey HSD (honestly significant
difference) post-hoc test was used. A 5% level of significance was used.

3. Results
3.1. Level of Agreement of the Participants with the Questions

Table 2 shows the percentage of responses obtained for each of the questions accord-
ing to the five scores used to measure the level of agreement (ranging from 1 = strongly
disagree to 5 = strongly agree).

The results indicated that for most of the questions, many participants manifested a
neutral opinion by replying neither agree nor disagree (percentages of score 3 ranging
from a minimum of 25.4% for question Q3 to a maximum of 66.0% for Q10). For most of
the items, the participants scored 4 or 5, corresponding to agreement or strong agreement,
respectively, while for a few questions, the participants expressed disagreement (higher
percentages of scores 1 and 2), like for questions Q1, Q4, Q13 or Q15.

Table 2. Frequency of responses to the 20 questions about the nutrition and health of Els.

% of Responses in Each Score !

N Item Description 1 Py 3 4 5
1 Insects have poor nutritional value 268 326 302 7.1 3.3
2 Insects are a good source of energy 45 92 330 351 18.2
3 Insects have high protein content 29 40 254 3938 27.9
4 Insect proteins are of poorer quality compared with other animal species 170 245 438 107 4.0
5 Insects provide essential amino acids necessary for humans 34 61 523 257 12.5
6 Insects contain group B vitamins 33 63 641 18.3 8.0
7 Insects contain dietary fibre 53 80. 519 237 11.1
8 Insects contain minerals of nutritional interest, such as calcium, iron and magnesium 3.3 5.4 51.9 28.3 11.1
9 Insects contain fat, including unsaturated fatty acids 53 120 568 18.0 79
10 Insects contain anti-nutrients, such as oxalates and phytic acid 63 101 66.0 131 45
11 There are appropriate regulations to guarantee food safety of edible insects 77 140 444 242 9.7
12 Insects are used by some people in traditional medicine 3.1 54 315 422 17.8
13 Eating insects poses a substantial risk to human health 157 304 363 129 4.7
14 Industrial-processed insect products are hygienic and safe 45 9.0 409 323 13.3
15 Insects and insect-based foods are often infected by pathogens and parasites 115 210 485 137 5.3
16 Insects collected from the wild may be contaminated with pesticide residues 3.1 72 336 394 16.7
17 In certain countries, insects are approved officially for therapeutic treatment 25 55 541 284 9.5
18 Insects contain bioactive compounds beneficial to human health 32 57 532 277 102
19 Insects are potential sources of allergens 45 103 543 226 8.3
20 Aflatoxins, which are carcinogens, can be present in insects 57 123 634 13.9 4.7

!Scale of the scores: 1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, and
5 = strongly agree.

3.2. Factor Analysis

The first phase was to verify the assumptions that the data were suitable for applying
FA. The three criteria were:

1. The correlation matrix must identify possible correlations between the variables;
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2. The value of the Kaiser-Meyer-Olkin (KMO) measure of adequacy must be as close
as possible to one;
3. The Bartlett’s test must be significant (p < 0.05).

The first one was confirmed as the correlation matrix showed some correlations be-
tween the variables (seven values of r higher than 0.5, with the highest being 0.642 for the
correlation between Q6 and Q8). Regarding the second criterion, the value of KMO was
found to be 0.906, which corresponds to excellent [36]. Finally, the third criterion was also
confirmed as Bartlett’s test was significant (p < 0.001), confirming the rejection of the null
hypothesis “HO: The correlation matrix is equal to the identity matrix”.

After confirmation of the assumptions, FA was applied as described earlier. The anti-
image matrix revealed that all values of the correlations were over 0.5. Therefore, neither
of the variables should be excluded from the analysis (the lowest of the values was 0.808
for variable Q15, and the highest was 0.939 for variable Q5).

The commonalities, which indicate the percentage of variance of each item explained
by the solution, were calculated for each of the 20 variables (Table 3). The results in Table
3 reveal that practically all variables had a minimum of 50% of their variance explained
by the solution, with variable Q10 having the lowest value (43.8%), while variable Q8 had
the highest percentage of variance explained (68.1%).

Table 3. Communalities for 20 questions about nutrition and health of EI.

Question %VE1 Question %VE 1 Question %VE1 Question %VE 1

Q1 54.2 Q6 60.5 Q11 56.1 Q16 55.1
Q2 52.4 Q7 54.0 Q12 52.1 Q17 54.5
Q3 63.5 Q8 68.1 Q13 53.8 Q18 55.5
Q4 55.8 Q9 55.7 Q14 47.8 Q19 53.1
Q5 62.6 Q10 43.8 Q15 55.3 Q20 50.8

19%VE = Percentage variance explained.

Table 4 presents the results obtained for the FA, whose solution converged in seven
iterations and contains four factors, which in total explain 55.2% of variance: factor F1
(eigenvalue = 5.661, %VE = 19.3%), factor F2 (eigenvalue = 2.940, %VE = 13.6%), factor F3
(eigenvalue = 1.396, %VE = 12.2%) and factor F4 (eigenvalue = 1.051, %VE = 10.1%). This
solution included all 20 items as they all had loadings higher than 0.4 (absolute value) in
at least one factor. The grouping structure resulting from the FA can be interpreted as
follows: factor F4 accounting for items related to contamination and harmful components
(CHGs), factor F2 grouping the items associated with negative perception and risks
(NPRs), factor F3 corresponding to the items related to safety and benefits of insects (SBIs)
and factor F1 accounting for the items that address the nutritive value (NV).

All factor loadings were above 0.5, varying in the ranges of 0.518-0.763 for F1; 0.600-
0.729 for F2; 0.552-0.696 for F3; and 0.538-0.684 for F4. High loading factors indicate that
the items strongly contribute to the factors” definition. The item with the lowest loading
was Q3, which was related to the high protein content of Els (loading of 0.518 to factor
F1). The item with the highest loading was Q8, concerning insects containing minerals of
dietary relevance (loading of 0.763 to factor F1), meaning that this question is the most
strongly associated with the respective factor.

The measure considered to evaluate the internal consistency of the items in each fac-
tor was Cronbach’s alpha (o) [35], which assumed values considered acceptable for factors
F2—NPRs and F4—CHCs (a = 0.688 and o = 0.626, respectively) while being good for
factor F3—SBIs (a = 0.724) and very good for factor F1 =NV (a = 0.851 considering all the
eight variables, or an even higher a = 0.862 if item Q10 is removed) [40-42].

Based on these results of the internal consistency analysis, the final FA solution was
considered with only 19 of the items, i.e., excluding item Q10 from factor F1.
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Table 4. The solution obtained by the factor analysis.
Factor %VE ! Questions Loadings Factor Name Cronbach’s Al
pha (o)
F1 19.3 Q2. Insects are a good source of energy 0.551 0.851
Q3. Insects have high protein content 0.518 0.862 2
Q5. Insects provide essential amino acids necessary for humans 0.683
Q6. Insects contain group B vitamins 0.737 Nutritive value
Q7. Insects contain dietary fibre 0.718 (NV)
Q8. Insects contain minerals of nutritional interest (Ca, Fe, Mg) 0.763
Q9. Insects contain fat, including unsaturated fatty acids 0.722
[Q10. Insects contain anti-nutrients (oxalates and phytic acid)] [0.526]
F2 13.6  Ql. Insects have poor nutritional value 0.718 Negative perception 0.688
Q4. Insect proteins are of poorer quality than other animals 0.729 and risks
Q13. Eating insects poses a substantial risk to human health 0.600 (NPRs)
F3 12.2  Ql1. There are regulations to guarantee food safety of insects 0.696 0.724
Q12. Insects are used by some people in traditional medicine 0.673 Safety and benefits
Q14. Industrial-processed insect products are hygienic and safe 0.557 of insects
Q17. In certain countries, insects are approved for therapeutics 0.687 (SBIs)
Q18. Insects contain beneficial bioactive compounds 0.552
F4 10.1  Q15. Insects/insect -foods can be infected by pathogens/parasites 0.538 Contamination and 0.626
Q16. Insects from the wild may be contaminated with pesticides 0.679
. harmful components
Q19. Insects are potential sources of allergens 0.684 (CHCs)
Q20. Aflatoxins, which are carcinogens, can be present in insects 0.674
1'VE = Variance explained. 2 The value of Cronbach’s alpha increases if item Q10 is removed.
3.3. Sociodemographic Variations
Based on the results of the FA, the average values of the scores for the variables in the
four factors were calculated for each participant, and those values were then compared
between groups according to the sociodemographic variables considered: country, age,
sex, education level, and living environment (Table 5). The results showed significant
country differences and significant differences across the age groups (p <0.05 in all cases)
for all four factors. Regarding sex or education groups, significant differences were ob-
served for factors F1 (NV), F2 (NPRs) and F3 (SBIs) but not for F4 (CHCs). Finally, for
living environment groups, significant differences were only found for factors F1 (NV)
and F2 (NPRs).
Table 5. Comparison of the mean values for the four factors (F1 to F4) across sociodemographic
groups.
Variables Groups Mean = SD Mean = SD Mean = SD Mean = SD
Factor F1(NV)!*  Factor F2 (NPRs)! Factor F3 (SBIs)!  Factor F4 (CHCs) !
Country Brazil 3.31 +0.63 bed 2.57 £0.77 de 3.34 £0.63 bed 3.20 £ 0.57 bede
Croatia 3.09£0.77 2.84+0.79 b 3.31£0.73 abe 3.31+0.66¢
Greece 3.21+£0.63% 2.68 +0.70 efsh 3.30+0.62 2 3.28£0.63 ¢
Latvia 3.30 +0.45bc 2.63 £0.63 & 3.35 £ 0.46 bed 3.25+£0.43 d
Lebanon 3.76 £0.57 2.80 £ 0.76 shi 3.85+0.66f 3.56+0.61"
Lithuania 3.45+0.62 d 2.61+£0.69 ¢ 3.31 £0.46 ¢ 3.13 £0.60 b<d
Mexico 3.70+0.72f 2.04+0.872 3.45 +£0.63 de 2.96 +0.66 2
Poland 3.51+055¢ 2.28 £0.69 bc 349+051¢ 3.18 £ 0.52 bede
Portugal 3.30+£0.65 2.54 £0.69 d 329+0.64® 3.11 £ 0.56 b<d
Romania 3.26 +0.60 bc 2.61+£0.70 < 3.33 £ 0.63 2bed 3.11 £ 0.63 bc
Serbia 3.21+0.67 @ 2.76 £0.70 fght 3.23+£0.732 3.07+£0.70 2
Slovenia 3.39 £0.64 < 243 +0.80« 3.44 £ 0.67 <de 3.08£0.59
Spain 3.47 +0.69 ¢ 212+0.782 3.47 £ 0.66 d° 296 +0.622
Turkey 3.21+0.66 2.85+0.661 3.20+0.59% 3.24 +0.63 «de
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p-value 2 <0.001 <0.001 <0.001 <0.001
Age 18-30y 3.42+0.69° 2.52+0.81° 3.40+0.65° 3.16 £0.64 "
group 31-50y 3.40+0.68° 2440792 3.40+0.63° 3.11+061%
5l+y 3.30£0.67 2 2.56+0.77° 3.34+£0.642 3.19+0.63"
p-value 2 <0.001 <0.001 0.018 <0.001
Sex Female 3.36 +0.66 2 2.53+0.762 3.38+£0.63° 3.15+0.62%
Male 3.46+0.72° 2.44+0.862 3.40 £0.66 2 3.14+0.652
No answer 3.38+0.782 2.25+0.78" 3.58 £0.77° 3.04+0.612
p-value 2 <0.001 <0.001 0.042 0.328
Living Rural 3.33+£0.682 2.57+0.80° 3.38£0.692 3.17 £0.66 2
environment Urban 3.40+0.69° 246+0802 3.39+0.63° 3.14+0.62%
Suburban 3.44+0.67° 2.53+0.81° 3.39+£0.64° 3.17£0.64 2
p-value 2 <0.001 <0.001 0.757 0.071
Education Post-graduate 3.44+0.63" 2.44+0.77 2 3.41+0.59° 3.16+0.57 2
level University degree 343+0.70° 247 +0.802 3.43+0.66° 3.14£0.66 °
No university degree 3.32+0.712 2.56+0.82° 3.32+0.66 2 3.14+0.66*
p-value 2 <0.001 <0.001 <0.001 0.489

! Mean values in the same factor with different superscript letters are significantly different across
sociodemographic groups. 2Significance of the ANOVA test with Tukey’s post-hoc test (p <0.05).

4. Discussion

The results of this research revealed a high difficulty among the participants to ex-
press a negative or positive opinion about nutritional and health facts related to the con-
sumption of Els, confirming that in this list of 14 countries, the general population is still
very little informed about Els. It is a fact that most of the countries at study are European,
and therefore, they belong to the list of countries where entomophagy is not a part of the
diet tradition. Additionally, in Western countries, there is still some reluctance to consume
Els, partly due to people being unaccustomed to it and partly owing to neophobia and
disgust manifested by many European citizens [32,43,44]. In contrast, other countries in-
cluded in the study have some traditions of entomophagy, such as Mexico. However, not
all Mexican populational groups are entomophagous, and there are areas where consum-
ers also do not have a tradition of eating insects. The work by Escalante-Aburto et al. [45]
refers that Mexico is a multi-diverse country with some tradition of entomophagy, but
differences were encountered within different regions of Mexico; in the south and centre,
people consume more Els, while in the north, the practice is not so usual. A study by
Gomez-Corona et al. [46] revealed that some Mexican citizens are insect eaters and others
are not, but the representation that they have about Els is similar nonetheless. Addition-
ally, the same study highlighted that sustainability, convenience and affordability were
the principal motivations for consuming insects.

The participants who were able to manifest an agreement/disagreement with the
statements of the questionnaire revealed to have some knowledge about most of the topics
addressed.

Most participants who expressed an opinion were aware of the nutritional value of
Els and the presence of a diversity of macro- and micronutrients important for the human
body. Specifically, the participants agreed that Q1. Insects are a good source of energy
[47]; Q2. Insects have high protein content [48]; Q5. Insects provide essential amino acids
necessary for humans [48]; Q6. Insects contain group B vitamins [47]; Q7. Insects contain
dietary fibre [48]; Q8. Insects contain minerals of nutritional interest, such as calcium, iron
and magnesium [47]; and Q9. Insects contain fat, including unsaturated fatty acids [47,49].
All these food components are present in Els in variable proportions, depending on the
species and other growing variables [50-52].

With respect to the presence of anti-nutrients, the participants showed some
knowledge about this possibility by agreeing with question Q10. Insects contain anti-nu-
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trients, such as oxalates and phytic acid [53]. The presence of some components, like oxa-
lates, phytates or saponins, that eventually compromise the absorption of other beneficial
nutrients such as proteins or minerals, constitutes a drawback in some Els, but this is not
general for all and depends on the species [15].

Concerning the health effects of Els, the participants were also in agreement with
most of the questions. Q12. Insects are used by some people in traditional medicine [47];
Q17. In certain countries, insects are approved officially for therapeutic treatment [49];
and Q18. Insects contain bioactive compounds that are beneficial to human health [49]. All
of these questions present facts that are known by some of the participants in the study.
The use of insects in traditional medicine in some areas of the globe is a long-time practice,
as discussed by Zhang et al. [54], Siddiqui et al. [55], and Figueiredo et al. [56]. The eth-
noentomological tradition is well documented across Africa, Asia (India, China and South
Korea), Latin America and Mexico. The insects are used as food (entomophagy) and med-
icine (entomotherapy) and are used in rite-of-passage rituals. Some of the beneficial health
effects described include improving immune function and treating rheumatism, anaemia,
cancer and skin diseases [54]. Many of these traditional usages of insects have been stud-
ied and confirmed in light of present science. In a recent review, Tanga and Ekesi [57]
highlight some therapeutic usages of Els, which include the enhancement of immune
functions and protection of the gastrointestinal system, as well as anticancer, antioxidant
and anti-inflammatory effects; antibacterial activity; regulation of serum lipids and glu-
cose, lowering of blood pressure, and reduced risk of developing cardiovascular diseases.

A high fraction of participants expressed disagreement with some questions, such as
Q1, Q4, Q13 and Q15. With respect to Q1. Insects have poor nutritional value [47], this
statement is in fact not true, and many studies have highlighted the high nutritional value
of Els, for example, in the reviews conducted by Nowak et al. [50] or Baionao [29]. Ques-
tion Q4. Insect proteins are of poorer quality compared with other animal species [47] is
also a false statement as Els contain high amounts of protein and a diversity of amino
acids, including essential amino acids of good nutritional value, although they vary de-
pending on the insect [16,58,59]. Questions Q13. Eating insects poses a substantial risk to
human health [60] and Q15. Insects and insect-based foods are often infected by pathogens
and parasites [61] also obtained scores for disagreement from a high fraction of the par-
ticipants, revealing that they considered Els to be safe for consumption on a general basis.
When Els are part of controlled food chains, like in the Western countries markets, they
are safe for human consumption, and they do not pose risks to human health. On the other
hand, Els can pose some risks only if they are not produced, handled, and processed with
respect to food safety issues or collected from the wild and manipulated in a non-hygienic
manner [62,63]. For this matter, it was observed that the participants were relatively well
informed about safety and regulations regarding Els, as expressed in question Q11. There
are appropriate regulations to guarantee the food safety of edible insects [47], i.e., Q14.
Industrial-processed insect products are hygienic and safe [60]. Nevertheless, these regu-
lations, as well as food chain security measures, are variable among regions, with the Eu-
ropean Union being particularly strict in comparison with other global markets.

Other subjects that the participants revealed to have some knowledge about were
Q19. Insects are potential sources of allergens [63]; Q16. Insects collected from the wild
may be contaminated with pesticide residues [63]; and Q20. Aflatoxins, which are carcin-
ogens, can be present in insects [63]. These aspects can in fact compromise the health of
insect eaters, but their occurrence is generally low and variable according to many factors,
ranging from the species to the sanitary measures used for their production and transfor-
mation.

In addition, we found four underlying dimensions that explain the relationships be-
tween the items about the nutrition and health of the Els, one containing the questions
about the nutritive value (NV) of Els, a second dimension joining the questions about the
negative perception and risks (NPRs) associated with EI, a third gathering the questions
linked with the safety and benefits of insects (SBIs), and finally the last containing the
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questions about the contamination and harmful components (CHCs) possibly present in
Els. It was observed that knowledge on these four subjects was related to the sociodemo-
graphic characteristics of the participants. While living environment influenced
knowledge in two of the four groups, sex and education influenced knowledge in three
groups; age and country were the sociodemographic variables with the greatest influence,
with differences in knowledge in all four groups. The country would be expected to be a
major determinant for knowledge about Els, given the diversity of social and cultural in-
fluences, particularly on a subject that is so differently perceived among insect-eating
countries and Western countries. The review by Florenga et al. [8] showed some important
differences between the motivations for consumption of Els by citizens from these two
types of countries. It is, therefore, natural to assume that among societies where insects
are regularly consumed, there is a wider dissemination of information about Els. This
work confirmed a higher average level of knowledge for Mexican and Lebanese partici-
pants, as well as differences among European countries, with Spanish and Polish partici-
pants being better informed about the nutritive value and health effects of Els. Previous
work has shown that knowledge is a valuable instrument for the acceptance of insects as
food in communities where there is no tradition of eating insects [64].

5. Conclusions

This work revealed that although a high percentage of participants had a neutral opinion
(neither agreed nor disagreed) about the facts concerning the nutritive value and health effects
of Els, many participants still expressed strong agreement or disagreement about the nutri-
tional value and health effects of Els, which may indicate that they are well informed. Also,
this work revealed four groups of knowledge: one related to the nutritional composition of
Els, another related to a negative perception of the participants about Els and possible risks
they associate with them, a third about the safety and benefits of consuming Els, and a fourth
group about the possible presence of contaminants and harmful components in Els. Finally, it
was concluded that all sociodemographic variables studies have some level of relation with
the knowledge about the nutritional and health effects of Els, with variables such as age and
country being the most influential. As such, knowledge is assumed to be a pivotal ally to in-
centivise the consumption of El, with benefits not only for the environment but, most im-
portantly, for nutritional purposes and the beneficial health effects that EIs may provide. At
any rate, it is not negligible that care must also be given to fully understand the possible neg-
ative effects of Els, such as the presence of allergens or other harmful substances.

The promotion of consumption of EI as a sustainable alternative assumes a pivotal role
in food security, particularly for socially vulnerable individuals, not only in developing coun-
tries but also in other areas, and even for people residing in European countries (like the refu-
gees, for example); homeless people; and those living on the outskirts, in rural areas or those
experiencing drought and calamities, among others, all over the globe. Finally, longitudinal
research could provide deeper insights into the dynamics of knowledge acquisition and how
it affects the acceptance of insects as a sustainable and healthy food source. Furthermore, while
the study found substantial differences depending on sociodemographic characteristics such
as age and country of residence/origin, other important variables, such as cultural attitudes
toward entomophagy or exposure to insect-based meals, were not thoroughly investigated.
Therefore, future research could look at these characteristics to have a better understanding of
the causes and barriers to insects being accepted as a viable food source in a variety of popu-
lations.
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