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Abstract: Insects have been reported as a possible alternative solution to help feed the growing
world population with less stress on the planet, thus contributing to the preservation of the envi-
ronment and natural ecosystems. However, the consumption of edible insects (Els), although cul-
turally accepted for some communities, is not readily accepted for others. Hence this work explores
the level of information that people in a traditionally non-insect-eating country have about the sus-
tainability issues related with Els, and also some possible reasons that could motivate their con-
sumption. The study was based on a questionnaire survey and the results were explored by de-
scriptive statistic tools, tree classification analysis, factor analysis and cluster analysis. The results
showed that the level of information is still low in general, with most people not manifesting an
opinion. However, some aspects are relatively familiar to the participants (88.9% know that the
ecological footprint of insects is smaller than other meats and 86.9% know that they efficiently con-
vert organic matter into protein). Factor and cluster analysis showed three classes: cluster 1 —people
not informed about the facts disclosed through the true statements and also not able to distinguish
the false information; cluster 2—people not informed about the facts disclosed through the true
statements but who were able to distinguish the false information; and cluster 3 —people well in-
formed about the facts disclosed through the true statements but who were marginally unable to
distinguish the false information. It was also found that education, sex and professional area are the
most relevant sociodemographic factors associated with the level of information, and the highest
motivations to consume Els are their contribution to preserve the environment and natural re-
sources followed by being a more sustainable option (for 64.7% and 53.4% of participants, respec-
tively). Hence it was concluded that, although some work still needs to be done to better inform
people about Els, there is already some conscientiousness that they constitute a good and more
sustainable alternative to other types of meat.

Keywords: edible insects; sustainability; information; questionnaire survey

1. Introduction

The planet faces in the modern times a most prominent challenge associated with the
need to feed the increasing world population, while producing food in sustainable ways,
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so as to preserve the environment and the biosystems [1]. The sustainability aspects must
be sought throughout the entire food chain, from primary production to industrial pro-
cessing, transport and storage, consumption and final disposal of leftovers and packaging
materials [2,3].

Intensive food production is leading to unsustainable practices around the planet
with consequences, such as global warming due to increasing greenhouse gas (GHG)
emissions, loss of natural habitats and deforestation or animal overexploitation, with
these stresses being caused by both vegetable and animal food production [4-7]. It has
been reported that nearly 80% of the GHG emissions resulting from the food sector de-
rives from livestock, including the emissions generated from forage growing, cattle rear-
ing, transportation of meat to the processing companies and to the sales points [8].

Insects have emerged as one of the possible solutions to help feed the world popula-
tion with a lower impact on the environment. One of the reasons for this is associated with
the high feed conversion ratio, which allows to obtain animal protein with a considerably
lower need for land, feed or water, while at the same time generating less GHG. All these
result in a much lower ecological footprint [9-14].

Els are a good source of nutrients, besides protein and their essential amino acids,
they also contain fiber, fat (including polyunsaturated fatty acids), vitamins (particularly
those of group B) and dietary minerals (for example calcium, iron and magnesium) [15-
17]. However, they may also contain anti-nutrients, such as oxalates and phytic acid [18].
On the other hand, there is some debate about the food safety aspects that may affect not
only producers but also consumers of Els [19]. Some risks are associated with a possible
microbial contamination or with chemical hazards, such as toxins or heavy metals. Addi-
tionally, while for some people eating insects is safe, for others it may be problematic be-
cause sensitive people may suffer from allergic reactions [20].

Although billions of people consume insects in many countries worldwide [21], in
other cultures eating insects, especially among individuals from Western societies, is still
a taboo and people experience a high degree of neophobia with this practice. This is par-
ticularly intense if the insects are presented whole, making the consumers more prone to
not start eating foods that contain insects [22-24].

Portugal is a country situated in Europe, more precisely on the Iberian Peninsula,
and therefore the dietary habits are Western and traditional diets are typically Mediterra-
nean. The Mediterranean diet was recognized by UNESCO (United Nations Educational,
Scientific and Cultural Organization) as an Intangible Cultural Heritage of Humanity in
2010, initially applying to four Mediterranean countries (Greece, Italy, Morocco and
Spain), but in 2013 the list of countries was expanded to include Cyprus, Croatia and Por-
tugal [25]. Therefore, this study aimed to explore how people perceive Els in a country
where eating insects is a strange habit because it is not part of the traditional dietary pat-
terns. Additionally, and having in mind the need to have in the near future more sustain-
able diets in order to feed the world population, this study also intends to investigate
whether people are informed about the role of Els as a possible more sustainable food in
the future. In particular, our research questions were as follows: (1) Are people informed
about the sustainability aspects that relate to Els, either associated with their production
or consumption? (2) What sociodemographic factors may influence people’s level of in-
formation? (3) What reasons could influence people to consume Els?

2. Literature Review

In this section are presented some insights into the scientific literature related to each
of the three research questions addressed in this study.
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2.1. Information about the Sustainability of Els

The potential of Els to constitute a more environmentally friendly alternative to other
protein sources, for example beef, has been pointed out as a significant advantage that
could potentially influence people towards a better acceptance of entomophagy [1].

Verbeke [2] studied the consumer acceptance of Els in a sample of 368 consumers in
Belgium, by means of an online survey, and one of their explanatory variables was the
attention paid to the environmental impact of food choice. They observed significant ef-
fects of food choice motivation from the importance people attribute to the environmental
impact of the food they consume. They quantified this influence as so: “an increase of one
unit in the importance attached to the environmental impact of food choice increased the
likelihood of being ready to adopt insects by 71%” [2].

Kostecka et al. [3] have investigated insect-based food acceptance among a sample of
Polish consumers under a view of less resource-consuming food systems. They concluded
that although Polish consumers are not prone to incorporating insect-based food into their
diet, they recognized the importance of the food sector to the preservation of natural re-
sources. In this way, they believe that consumers must be informed about the advantages
of production or use of insect biomass originating from natural ecosystems. As a result,
increasing the acceptance of alternative sources of protein may contribute to an effective
reduction in the pressure generated by the food systems on the environment [3]. Although
Kostecka et al. [3] did not evaluate the knowledge of consumers about facts related with
sustainability of Els, it gives some insight into the role of knowledge and information in
the food choice process.

The study by Lensvelt and Steenbekkers [4] investigated consumer acceptance of ed-
ible insects through an online survey conducted with 134 participants from the Nether-
lands and 75 from Australia. They concluded that information is one of the key factors to
positively influence the participant’s willingness towards entomophagy, and therefore,
“education is a pivotal key to be addressed”. However, this research focused on infor-
mation about social norms and trust and on information about physiological factors, and
therefore the sustainability was not directly studied.

2.2. Sociodemographic Factors That Influence People’s Knowledge

It has been widely known that sociodemographic characteristics influence people’s
food behavior, including food choices. The work by Guiné et al. [5] investigated the influ-
ence of environmental issues on consumer’s food choice, by an online questionnaire sur-
vey using a non-probabilistic sample of 10,067 participants from 13 countries. Their results
showed that people attributed importance to the sustainability of their food choices. They
also reported significant differences in the motivations for food choice across sociodemo-
graphic groups (age, sex, marital status, education, professional area, living environment
and country), with country being the more influential variable, followed by age and sex.

In related research, Guiné et al. [6] reported that most consumers admitted to basing
their food choices on some environmental issues. Additionally, they conducted a factor
analysis that showed two factors: purely environmental concerns and sustainability re-
lated to quality concerns. They also conducted a cluster analysis which allowed them to
conclude that more than half of participants paid attention to both types of concerns when
making their food choices, which is indicative that consumers are becoming more aware
of their role in the sustainability of the food chain.

Sari¢ et al. [7] reported for a sample of 1534 participants from Croatia that sociodem-
ographic factors influenced the food choices for more sustainable options. In their research
they reported that older and female participants with higher education level (university
degree) and married were more concerned about environmental friendly food choices.

There are other works that address the effect of sociodemographic factors on the way
people act and how they attribute importance to sustainability. However, although there
is some environmental awareness about Els, no specific studies were found that focused
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on the evaluation of the level of knowledge about sustainability of Els and the way that
knowledge varies across sociodemographic groups.

2.3. Motivations to Consume EI

Although insects are a highly appreciated food source in numerous parts of the
world, it is also a known fact that for most Western cultures Els are not considered as an
appropriate food source, and therefore negative attitudes continue to be dominant [8].
Some studies carried out in different countries highlight that individuals who pay atten-
tion to the environmental impact of the foods they consume, and who are informed about
the ecological benefits of Els, are more open to entomophagy [9].

The study by Tan et al. [10] conducted a cross-cultural qualitative study investigating
how cultural exposure and individual experience can shape the perceptions of people who
usually consume Els and those who do not. They used eight focus groups, four in the
Netherlands and four in Thailand, being a total of 54 participants. One of the factors that
was pointed out by some participants as motivation for consumption was sustainability.

Niva and Vainio [11] investigated consumers’ willingness to replace the consump-
tion of beef by alternative sources, including insect-based protein products, in a sample of
1000 Finish consumers. They observed that a quarter of participants intended to increase
the consumption of insect-based products, and this was driven by a wish to comply with
more sustainable systems.

The work by Orsi et al. [9] addressed the determinants of consumer acceptance of Els
in Germany through an online survey on a sample constituted by 393 participants. Their
study revealed a low willingness of Germans to try insects as food. They also were able to
identify some obstacles to the consumption related with the prevalence of psychological
and personality barriers, including a sense of disgust and food neophobia. Nevertheless,
they also found that processed insect products might be a better solution to introduce Els
into the diets of Germans than whole insects. However, this study did not consider the
effect of Els as a possible more sustainable source of protein.

In a study conducted through an online survey with 820 Australian consumers, Wil-
kinson et al. [12] reported that factors, such as taste, appearance, safety and quality could
motivate the willingness to try eating insects. Nevertheless, the consumer’s attitudes to-
wards EIs were relying to a great extent on food neophobia. Again, the authors found that
the incorporation of insects into familiar products (e.g., biscuits, snacks) or cooked meals
could improve the motivation to consume them, but no attempt was made to investigate
if sustainability could influence the willingness to consume Els.

3. Materials and Methods

This research was based on a questionnaire survey undertaken through internet in-
vitation. The instrument used to collect the data was developed under the objectives of
project “FZ—Drone Flour”, which is under development and aims to investigate the tech-
nological possibility to produce innovative drone flour to commercialize in the Portu-
guese food market. This flour was obtained from the beehives held by the Portuguese
beekeepers, as a way to mitigate the harmful effects of the Varroa mite in the beehives,
while at the same time having a socioeconomic impact, providing extra income to the
farmers.

3.1. Instrument and Data Collection

The questionnaire was developed purposely for this work, and submitted to the eth-
ics committee at the Polytechnic Institute of Viseu, who approved it under ref. no.
06/SUB/2020, dated 11 September 2020. The full questionnaire is shown in Appendix B.
Only after approval the questionnaire was deployed into the Google Forms platform, en-
suring the anonymity of all answers received. The participation was voluntary and data
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collection occurred between September and October 2020. All ethical issues were re-
spected when designing the research and collecting the data, and the participants only
answered the questionnaire after giving informed consent or declaring that they were 18
years of age or older.

Taking into count the nature of the data collection strategy, the questionnaire was
applied to a convenience sample, defined in terms of facility of recruitment and disposi-
tion to take part in the research. It is an unquestionable fact that convenience samples have
some limitations, namely in what concerns the extrapolation of the conclusions to the
whole population. However, they have also been reported as having some advantages,
namely being easy to recruit and providing a good tool to undertake exploratory research
[26,27]. Although being a convenience sample, some hint of the possible minimum sample
size was calculated, as indicated. For this, some assumptions were considered:

econfidence interval = 90%;

oZ score = 1.645;

epower of the test = 5% (minimum acceptable probability of preventing type II error
=0.05) [28,29];

ePortuguese population in 2019 (the latest year available when the data collection
started) = 10,283,822 people [30]: assumed that ~7.5 million were adults and the target
population was 25% = 1875 thousand.

We targeted only 25% of the population in this research because it was assumed that
in a Western country (situated in Europe under influence of Mediterranean diet) where
eating insects it not natural or traditional in any way, it might not be expected that more
than a quarter of the population might be interested in the near future to shift to this kind
of food product. Considering all aforementioned conditions, calculation of the minimum
sample size resulted in 203 adults [31,32].

3.2. Data Analysis

The data were analyzed using SPSS software V26 (IBM, Inc., Armonk, NY, USA) and
Excel 2016 (Microsoft Corporation, Redmond, WA, USA).

The crosstabs with the chi-square test and Fisher’s test were used to investigate the
relations between some research variables and the sociodemographic categorical varia-
bles. Furthermore, the Cramer’s V coefficient was used to quantify the intensity of the
significant associations found between variables (considering a level of significance of
5%). The value of V varies between a minimum of zero (corresponding to no association)
and a maximum of one (when the association is perfect). Indicative values were consid-
ered as the following [15,33]: V = 0.1 —weak association; V = 0.3 —moderate association;
and V = 0.5 or higher —strong association.

The different items used to assess the level of information about sustainability issues
related with Els were submitted to a Factor Analysis (FA) for possible reduction of con-
structs. FA was completed using extraction by Principal Component Analysis (PCA)
method, with quartimax rotation and using the scree plot to determine the number of
factors. The percentage of variance explained by the factors extracted was based on the
communalities [34]. Factor loadings with absolute below 0.5 were excluded, meaning that
variables which had at least 25% of variance explained were only considered in the anal-
ysis. Internal consistency of the factors was evaluated through the Cronbach’s alpha (ct)
[34,35].

Cluster Analysis (CA) started by applying five hierarchical methods based on the
variables that resulted from the FA (scores saved as variables): (1) average linkage —be-
tween groups, (2) average linkage —within groups, (3) complete linkage —furthest neigh-
bor, (4) centroid and (5) Ward. In all cases, it considered the measure for interval by the
squared Euclidean distance. Based on the agglomeration schedule, it was possible to iden-
tify the most adequate number of clusters. Then, those five solutions were compared for
similarity using contingency tables, which allows inferring about possible stability.
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After establishing the number of clusters as three, the partitive method K-means was
used, as it is commonly recommended for cluster analysis, due to its robustness [36]. The
five initial solutions all converged to the same final solution, confirming the stability of
the solution [36] and consequent confidence in the results.

Figure 1 presents a schematic representation of the procedures followed in the FA
and CA.

Factor Analysis (FA) —b{ Cluster Analysis (CA) 1

4 | 4

‘ Hierarchical cluster analysis:
v'Test different methods

I Fix the most appropriate
| g number of clusters
2 Evaluation of stability:
‘ Obtain the factors that group ‘ v/ Contingencytables

* Principal componentanalysis (PCA)
* Quartimax Rotation
* Scree Plot

| Factor analysis: |

the variables
‘ Interpret the factors ’

K-means cluster analysis: ‘
("Validate the solution by reliability " v Use differed initial solutions J

analysis:
v’ Cronbach's alpha (a) within

(\ the factor
‘ The solution obtained with FA is ‘ ‘

used to run the cluster analysis |

Identify the most stable |
solutions to use as initial
| solutionsfor K-Means

= Cluster membership
= (Cluster centres

‘ Interpret the results of CA ‘

Figure 1. Methodology used to perform FA and CA.

Additionally, the items used to assess the level of information about sustainability of
Els were used to calculate an average score accounting for the general level of information,
and this variable was submitted to a tree classification analysis against all the sociodemo-
graphic variables in the study, to investigate their relative importance to the level of in-
formation. For this, the CRT (classification and regression trees) algorithm was used with
cross-validation [37], considering a minimum change in improvement equal to 0.001 and
establishing the minimum number of cases equal to 10 for parent nodes and 5 for child
nodes.

4. Results
4.1. Sample Characterization

The sample consisted of 213 respondents, of whom most were female (79%), and a
lower percentage were men (21%) (Table 1). The minimum age of the participants was 18
and the maximum was 80 years old. The participants were classified into groups accord-
ing to the age, as follows: young adults (18-30 years), representing 24.4%, intermediate
adults (31-55 years) accounting for 57.7% and senior adults (56 years or over) representing
the remaining 17.8%. The majority of the participants, 78.4%, had a high education level
(university graduate or post-graduate). Concerning the area of residence, most lived in
urban environments (62.9%). Regarding marital status, most respondents (59.6%) had a
life partner, i.e., were married or living together as a couple. Finally, the professional area
of the participants was also investigated for its possible association with some variables
of interest in the research. For this, it was specifically addressed if the participants were
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from areas related with food or nutrition (25.4%), agriculture, environment or biology
(16.0%) or with other areas (58.7%).

Table 1. Sociodemographic characteristics of the sample used in the research.

Variable Groups N (%)
Sex Women 168 (78.9)
Men 45 (21.1)
Young adults (18-30 years) 52 (24.4)
Age group Intermediate adults (31-55 years) 123 (57.7)
Senior adults (=56 years) 38 (17.8)
. Under university level 46 (21.6
Education level University level}Zgraduate or post-graduate) 167((78.4))
Living environment Urban 134 (62.9)
Suburban/Rural 79 (37.1)
. No life partner (Single/Divorced/Widowed 86 (40.4
Marital status With lifz partne(r (Ligving together/Married)) 127((59.6))
Food/Nutrition 54 (25.4)
Professional area Agriculture/Environment/Biology 34 (16.0)
Other areas 125 (58.7)
Total 213 (100.0)

4.2. Information about Sustainability Aspects That Relate to Els

To answer research question (1) “Are people informed about the sustainability as-
pects that relate with EL either associated with their production or consumption?”, the
results of the answers to a set of questions formulated to measure the participants
knowledge/degree of information about sustainability facts related with Els were used.
Table 2 presents such results, highlighting the number of answers given to each question
and the fraction corresponding to informed or not informed participants. From the 213
participants, a high number had not manifested an opinion about questions 1 to 7 in Table
2. The question that received most answers was Q1 with 160 responses. Among these, a
great majority (82.5%) was correct in their perception, which indicates that the respond-
ents were relatively well informed about the possibility of Els providing protein to fight
hunger in the world. On the other extreme end stands Q4, Q5 and Q6 with around 100
responses, all related with the comparison of the use of resources to produce protein. Nev-
ertheless, most participants were well informed about these statements, except for Q5,
which was formulated in the reverse mode, and that might have confused the respondents
when answering it.
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Table 2. Responses for the questions regarding sustainability issues related to Els.

Not Informed Informed
F i ility of EI 1
acts about Sustainability of EIs (N ?) N (%) N (%)
Q1. Insects are a possibility to respond to the grow- 28 (17.5) 132 (82.5)

ing world demand for protein (N = 160).

Q2. The production of insects for human consump-
tion emits about 10 times less greenhouse gases 16 (13.9) 99 (86.1)
(GHG) than the production of steak (N = 115).
Q3. Insects efficiently convert organic matter into
protein (N = 122).

Q4. To produce 1 kg of insect protein, 5 times less
food is spent than to produce 1 kg of cow protein 14 (14.4) 83 (85.6)
(N=97).

Q5. To produce 1 kg of chicken protein, 5 times less

water is used than to produce 1 kg of insect protein 45 (48.9) 47 (51.1)
(N=92)2

Q6. To produce 1 kg of insect protein requires an

area 3 times smaller than to produce 1 kg of pig 18 (17.6) 84 (82.4)
protein (N =102).

Q7. The ecological footprint of insects is compara-

tively smaller when compared to other sources of 14 (10.2) 123 (89.8)
protein for human consumption (N = 137).

16 (13.1) 106 (86.9)

!N = Number of respondents who expressed their opinion on each of the questions. 2This is a false
statement.

The seven questions accounting for sustainability issues related with Els were sub-
mitted to FA with PCA extraction and quartimax rotation, resulting in two components
or factors. The total variance explained by the factors was: F1—80.3% and F2—12.3%, with
a high cumulative variance of 92.6% explained. The communalities showed that all varia-
bles had high variance explained by the solution, with the lowest being for Q3 which was
still high (0.820, corresponding to 82% of variance explained). The rotation algorithm con-
verged in three iterations and the results of FA are shown in Table 3.

Table 3. Results of the FA with extraction by PCA and quartimax rotation (factor loadings under
0.5 were excluded).

Items Loadings
Factor F1 Factor F2
QL. (True) 0.969
Q2. (True) 0.986
Q3. (True) 0.905
Q4. (True) 0.986
Q5. (False) 0.913
Q6. (True) 0.943
Q7. (True) 0.932
Cronbach’s alpha 0.980 (*)

(*) Not calculated because there was only one variable in the factor.

The structure of the factors in Table 3 allows identifying factor F1 as linked with all
the true statements, while factor F2 was associated with the false information. All varia-
bles presented very high loadings in the factors, being the lowest for Q3 in F1 (0.905), but
still corresponding to a very high correlation. Because all the seven variables had loadings
with an absolute value higher than 0.5, the solution was satisfactory by including all the
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variables [38]. Additionally, this solution resulted in a grouping configuration that can be
easily interpreted.

Validation through Cronbach’s alpha («) [34] was only possible for factor F1, since
F2 included only one variable. The results showed that the internal consistency within
factors was 0.980, which is considered very good [39—41]. Furthermore, the value of alpha
did not increase by elimination of any of the items, thus meaning that F1 presented a very
strong internal uniformity.

The scores obtained with FA were used for the Cluster Analysis (CA). In a first step,
CA was applied by five different hierarchical methods in order to define the number of
clusters, which in the present case was found to be three according to Figure Al in Ap-
pendix A.

The compatibility between the solutions obtained with the five hierarchical methods,
when the number of clusters was fixed as three, was checked though contingency tables,
and these results are presented in Appendix A (Table A1l). The values of the percentages
indicated that the solutions obtained by all the methods converge to a single solution, i.e.,
the percentage of the cases allocated to the same clusters is the maximum. These results
confirm that the ideal number of clusters is three, and that any of the five solutions tested
previously were potentially stable, and therefore can be used as an initial solution to the
next step, that is to apply the K-means clustering analysis. Furthermore, the application
of the K-means to the five initial solutions confirmed that they all converge to a single
solution, thus proving stability. The values of the F statistic in ANOVA are high for both
factors (Fstatistic = 901.6 for F1 and Fstatisic = 2109.6 for F2, with p < 0.0005 in both cases), thus
confirming the similarity between the cases within the groups and the differences between
groups. Additionally, because both values of Fsutistic are of similar order of magnitude, they
both equally contribute to the discrimination of the groups. Figure 2 shows the final clus-
ter canters that were confirmed by the results of the K-means CA.

The interpretation of the clusters is as follows:

e C(luster 1: people not informed about the facts disclosed through the true statements,
and are also not able to distinguish the false information;

e  Cluster 2: people not informed about the facts disclosed through the true statements,
but who were able to distinguish the false information;

e Cluster 3: people well informed about the facts disclosed through the true statements,
but who were marginally unable to distinguish the false information.

1.5 4
F2 (False)
& 10 -
Cluster 2
46% 05
Cluster 3
a0 19%
-1.0 -0.5 0.0 0.5 1.0 1.5 ﬁ) 2.5
05 4 F1 (True)
-1.0 S
L 2
Cluster 1 15 J
35%

Figure 2. Cluster centers in relation to the factors.
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4.3. Influence of Sociodemographic Factors on People’s Level of Information

To answer research question (2) “What sociodemographic factors may influence peo-
ple’s level of information?”, the responses to the questions Q1 to Q7 were tested against
the sociodemographic variables using contingency tables and the chi-square test, being
the results presented in Table 4. The results are resented as % in row for each variable and
each question because this allows to eliminate the effect of uneven group distribution
within each sociodemographic variable. For example, for variable sex, it is % of informed
and % of not informed within each group: women or men.

The results showed that for most topics (Q1 to Q7), the sociodemographic variables
tested are not associated with the level of information, just with two exceptions:

(1) The information for Q5 (to produce 1 kg of chicken protein, five times less water is
used than to produce 1 kg of insect protein), given as a false statement, varies signif-
icantly with age (p = 0.011) and the association is moderate (V = 0.312);

(2) The information for Q5 varies significantly with marital status (p = 0.030) and the
association is moderate (V = 0.219).

Table 4. Association between the sociodemographic variables and the responses to questions about Els and sustainability.

. . Q1 Q2 Q3 Q4 Q5 Qo6 Q7
S‘;’:r‘; i‘;:;’gr;zhl: I* NIz I' NI2 I' NIz I' NIz I' NI? I' NI2 I' NI2
P ) (W (W (W (W (W (W (W (W (B (B B (B (%)
Sex
Women 80.0 20.0 844 156 851 149 824 176 514 486 803 197 877 123
Men 900 100 920 80 929 71 957 43 500 50.0 885 115 968 3.2
p-value ? 0.112 0.272 0.234 0.102 0.556 0.265 0.127
iz 0.114 0.090 0.097 0.160 0.011 0.094 0.125
Age

Young adults
Intermediate adults
Senior adults
p-value 5
V 4
Education
Under university
University
p-value 3
V 4
Living Environment
Urban
Suburban/Rural
p-value 3
V 4
Marital status
No life partner
With life partner
p-value 3
V 4
Professional area
Food/Nutrition
Agric./Env./Biol.
Other areas
p-value 5

81.6 184 84.0 160 84.6 154 875 125 292 708 821 179 944 56

804 19.6 847 153 86.7 133 821 179 642 358 800 20.0 863 13.8

920 80 944 56 905 95 941 59 400 600 895 105 952 438
0.391 0.535 0.836 0.447 0.011 0.646 0.270
0.108 0.104 0.054 0.129 0.312 0.093 0.138

781 219 833 167 81.8 182 81.8 182 478 522 769 231 862 138
83.6 164 86.6 134 88.0 120 86.7 133 522 478 842 158 90.7 93
0.311 0.475 0.318 0.395 0.425 0.286 0.339
0.058 0.034 0.070 0.058 0.038 0.083 0.061

80.7 193 841 159 875 125 86.1 139 531 469 778 222 920 8.0
83.5 165 873 127 865 135 852 148 500 500 848 152 885 115
0.405 0.411 0.550 0.579 0.474 0.263 0.368
0.035 0.045 0.015 0.012 0.030 0.089 0.056

788 212 844 156 818 182 861 139 371 629 825 175 944 5.6
8.1 149 871 129 897 103 852 148 59.6 404 823 177 86.7 133
0.204 0.442 0.167 0.579 0.030 0.597 0.120
0.082 0.038 0.113 0.012 0.219 0.003 0.124

872 128 879 121 903 97 875 125 440 560 826 174 917 83

933 67 905 95 913 87 875 125 50.0 500 882 11.8 955 45

769 231 836 164 838 162 842 158 549 451 806 194 873 127
0.082 0.691 0.529 0.902 0.668 0.767 0.491
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V4 0.177 0.080 0.102 0.046 0.094 0.072 0.102
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100
I =informed. 2NI=not informed. 3Significance of the Fisher’s test (level of significance of 5%). 4V = Cramer’s V coefficient.
5Significance of the chi-square test (level of significance of 5%).

As a complement to the study, a new variable was considered as the average score of
all the seven questions, to account for a global level of information for each participant.
This new variable was submitted to a tree classification analysis to investigate the relative
importance of the sociodemographic variables in the level of information. Figure 3 reveals
that the first discriminating sociodemographic variable is education, with the participants
with a university level of education being more informed. In level 2 for the people without
university education, the next discriminating variable is sex, and then for women the next
discriminating variable is professional area. On the other hand, for the ones who had a
university degree, the discriminant for level 3 is professional area, in this case the profes-
sionals from other areas being less informed than people from Food/Nutrition or Agricul-
ture/Environment/Biology. In level 4, the participants from other areas were separated
according to marital status, with the highest information for people with a life partner as
compared with those without. Nevertheless, in both these two groups, the last discrimi-
nant was living environment.

Global Level of Information

Node 0 (N = 187)
‘Category %
Informed |87.7
(Mot informed |12.3

Education
Under university level University level
Node 1 (N=37) Node 2 (N = 150)
(Category % Category %
Informed |78.4 Informed 190.0
Not informed |21.6 Not informed |10.0
Sex Prof. area
Mal Female Food/Nutrition
ale I Others Agric./Env./Biol.
Node 3 (N=9) Node 4 (N = 28) Node 5 (N=85) | | Node 6 (N = 65)
Category % Category % Category % Category %|
boaiwd taat N | . |
Informed | 100| (Informed 1714 Informed 85.9 |Informed 95.4
| Not informed D! [Hc[ informed |28.6 Not informed | 14.1] [Not informed 4.6|
Prof. area Marital
Food/Nutrition With life Without life
iR, ____ peric/env/Biol. - |partner partner
Node 7 (N=19) Node 8 (N=9) Node 9 (N =57) Node 10 (N = 28)
Category % Category % Category % Category %)
(informed 789 Informed 55.6 Informed 91.2 Informed 75.0
[Not informed | 21.1 Not informed |44.4 Mot informed 8.8/ [Not informedr 1250
Living Living
environment environment
Rural/ Rural/
B Suburban Urban Suburban
Node 11 (N = 45) Node 12 (N=12) Node 13 (N=17) ‘ Node 14 (N=11)
jCalgae T % (O Saegoy %) (Coeceoy i
Informed | Informed 833 Informed 64.7 .Informed ]909
Mot informed | 6. Mot informed |16.7| [Notinformed |35.3 [Not informed | 9.1

Figure 3. Classification tree for influence of sociodemographic variables on the general level of information.
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4.4. Motivations to Consume Els

To answer the last research question (3) “What reasons could influence people to
consume Els?”, a number of possible factors that could motivate people were investigated
and the results are presented in Table 5. The reasons that could be more motivating for
people to consume Els included contributing to the preservation of the environment and
natural resources (64.7% motivated by this aspect), being a more sustainable option (53.4%
motivated by this) or serving to increase the income of the producers’ families (50.9% mo-
tivated by this). The willingness to follow innovative trends or mimic personalities/influ-
encers is a very weak motivation for the participants (only 8.9% admit this possibility).

Table 5. Responses for the questions regarding motivations to consume Els.

. .. Not Motivated Motivated
Possible Motivations to Consume ElIs (N 1) vate vate

N (%) N (%)
Q8. Insects are a more sustainable option (N =176). 82 (46.6) 94 (53.4)
Q9. Desire to try exotic foods (N = 174). 126 (72.4) 48 (27.6)
Q10. Insects contribute to the preservation of the envi-
ronment and natural resources (N = 167). 59(353) 108 (64.7)
Q11. Insects contribute to the diversification of food

. 79 (46.7

production (N = 169). 90 (53.3) 9 (46.7)
Q12. Insects are a way to increase the income of families
that produce them (N = 159). 78 (49.1) 81 (50.9)
Q13. Willing to follow innovative trends or mimic per- 175 (91.1) 17 (8.9)

sonalities/influencers (N = 192).
Q14. Els provide protein foods at cheap prices (N=164). 92 (56.1) 72 (43.9)

INumber of respondents who expressed their opinion.

5. Discussion

Regarding the research question (1) “Are people informed about the sustainability
aspects that relate to Els, either associated with their production or consumption?”, the
first finding of this study clearly shows that most participants are quite well informed
about the facts related to sustainability. These results are in line with the works by Verbeke
[2] and Kostecka et al. [3], which concluded that environmental issues are on the rise as
factors shaping food choices. Nevertheless, in those studies, the level of knowledge was
not assessed as it was in the present study, and therefore, it constitutes a novel approach
to quantify the level of knowledge by means of people’s accordance with true and false
statements provided. To this matter, it was found that half of the participants still accepted
false information as true. One explanation for this can be related to the difficulty that peo-
ple in general experience on a daily basis due to the saturation of information that comes
from advertising and online social networks. Fake news, fake videos or biased comments
also contribute to this ascertainment. The cluster analysis also confirms this core result,
because only one small cluster aggregates the participants that are well informed about
the facts which were presented to them in true statements, but who still could not discern
the false statements. This result also exposes a lack of skills to distinguish real and fake
information [42-45].

The sector of Els as food or food ingredients is an emerging agricultural sector, with
higher potential to grow and a lower associated environmental impact [46]. However,
there are some issues that must be identified related to attitudes and knowledge of the
consumers towards these products. Additionally, an increase in EI consumption globally
could only be possible through insect farming, due to the unfeasibility collecting them in
high quantities from natural habitats.

Production of meat foods is responsible for high emissions of GHG, and the results
obtained in this work confirm that there is knowledge about this fact, as well as about its
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association to climate change effects that require urgent dietary changes. In general, a
higher percentage of the inquired are well informed about the importance of insects in the
food supply chains as a substitute for meat, which is in accordance with an increase in the
market for insects or insect protein that may further develop in non-insect-eating coun-
tries. However, the cluster analysis evidenced that the possible future consumers need
more information to adhere to Els consumption. Our results showed that practically all of
the participants know very well that the footprint of insects is comparatively smaller when
compared to other sources of protein for human consumption. Is well known that insects’
production emits a considerable lower percentage of methane than cattle, and provide
more protein than chicken and beef [9]. This study indicated a good knowledge about
these facts. Nevertheless, even though the nutritional value and the positive effects of Els
on the environment are well understood and could be a positive incentive for eating in-
sects, some studies reveal that the sensory aspects and overall experience of eating insects
could be an impediment, given the disgust or unfamiliarity issues that can prevent con-
sumers from accepting Els as food [47]. Additionally, according to Hartmann and Siegrist
[48], consumers’ disposition to eat Els is weak.

Regarding the research question (2) “What sociodemographic factors may influence
people’s level of information?”, in a first approach, and considering that women were
more participative in this study than men, we could deduce that they would possibly be
more interested in this topic. However, it is a fact that the willingness of women to partic-
ipate in surveys is in general higher than men, regardless of the topic. Therefore, the dis-
position to participate is not a direct indicator of better acceptability of Els as foods. To
this matter, we must analyze the effect of food neophobia on the participants. Food neo-
phobia could affect the variety of foods in the diet, because some people tend to avoid the
consumption of unfamiliar foods [49]. On the other hand, food neophobia could protect
the individuals from ingesting possibly toxic or nutritionally inadequate foods, if the con-
sumers are not well informed [50]. Some studies identified men as less food neophobic
and less disgusted by insects than women [51,52]. In concordance with this, for the Portu-
guese sample, the cluster results showed that men are more likely to accept insects as food
than woman. This result is also in line with Verbeke [51], which suggests that attitudes
towards the use of insects in feed and food in general were significantly more favorable
among males than females [51].

The acceptance of Els as food can be variable according to cultural, geographical,
personal and emotional factors [51]. Eating insects is very common in some countries, but
can be very disturbing for many people in other countries [53]. In this study, there were
not a lot of participants that would be motivated to eat Els because they desire to try exotic
foods. This antipathy could be related to the historical and cross-cultural belief that Els
are disgusting and not edible by humans, except in cases of hunger or malnourishment.
In some European countries, such as Belgium [24], Netherlands [54] or Finland [55], a
moderate acceptance for Els has also been shown. The use of Els as food ingredients might
also help increase the adoption of insect-based foods [56-58].

Globally, because responses related to the queries about sustainability of Els reveal a
good knowledge of the positive effects of using Els as food or food ingredients, we could
infer that this could possibly be a good indication that neophobia might not affect the
introduction of Els into the Portuguese consumer’s diet. This would be in line with the
trend to look for more sustainable foods, so as to preserve the planet resources and defend
the natural ecosystems [59]. Portuguese consumers are aware that Els can help solve some
environmental problems by promoting sustainable food choices, in line with other studies
that showed consumers have the perception that diets have to adapt to a more sustainable
processing and to more environmental friendly food chains [10,60,61].

In regard to research question (3) “What reasons could influence people to consume
EI?”, among the motivations evaluated, the participants highlighted that aspects, such as
being a more sustainable option or contributing to the preservation of the environment
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and natural resources were stronger motivations. However, the results also show that par-
ticipants claim that they are not motivated enough to follow innovative trends or mimic
personalities or influencers, so these are not aspects valued by possible future consumers
of Els in a non-insect-eating country, such as Portugal. Nevertheless, these results could
exhibit cognitive biases when observing the current trends and the time spent by humans
on social media. FAO considers insects a sustainable alternative source of animal protein
that can respond to population growth. As shown in previous research, the lack of famil-
iarity with Els can contribute as a barrier in addition to cultural differences, in terms of
acceptance of new food [42-45]. For instance, the price dimension combined with the more
sustainable option and the fact that it contributes to the diversification of food production
should be spotlight by ad campaigns in non-insect-eating countries.

From the point of view of the nutritional value of Els, the participants also had a good
perception that they are rich in protein, if we take into account that Portugal is non-insect-
eating country. Due to the presence of proteins, unsaturated fats and fiber, richness in
lysine, threonine and tryptophan amino acids [62], as well as in micronutrients, such as
iron, zing, calcium and vitamins [15-19], it is possible to classify Els as a very good source
of nutrients. Some of Els are also particularly rich in chitin, an insoluble fiber derived from
their exoskeleton, which has been found to improve immune responses in humans and
decrease allergies [63]. However, Els can also contain residues of pesticides and heavy
metals from the ecosystem and cause human allergic reactions [64], and this point must
be well studied in future.

Factors, such as (1) contributing to environmental care; (2) being a sustainable option;
(3) economic benefits (increased income); (4) happiness; (5) food security; and (6) long life,
can be used to promote consumption of foods from edible insects as a sustainable source
of protein [54,65,66]. Some consumer studies disclosed that food choice is primarily moti-
vated by price and health consequences [54,65], which is in line with some of the motiva-
tions observed in this study. Furthermore, the economic benefits (higher income) were a
motivation highlighted in this work.

6. Conclusions

This study assessed the knowledge regarding information about the sustainability of
Els, either when the questions were related to true or with false information, in a tradi-
tionally non-insect-eating country. Additionally, it evaluated the motivations to consume
Els. The results showed that there is a good level of knowledge about sustainability as-
pects related to EI production and consumption, but also exposed the lack of ability to
identify false information as fake. The levels of knowledge seem globally high, but when
analyzed in detail, this study finds that the absence of factual knowledge leads to the fact
that false information becomes relevant for many participants.

Some limitations can be pointed out, such as the inequality of sociodemographic
groups, with more female participants than men, more people with a university degree or
more people residing in urban areas as compared to rural environments, which can some-
what bias the study. This heterogeneity results from the fact that we had to use a conven-
ience sample, and woman are more prone to answering questionnaire surveys than men.
Furthermore, the contacts used to send the survey included more people with a university
degree living in urban areas. Another limitation was related to the method of delivering
the survey, through internet, but this limitation was caused by the pandemic situation that
the world was facing at the time of the research.

This work brought added value to the identification of the national situation about
perceptions of the Portuguese about Els, and sustainability issues and their implications.
It demonstrated that the general public’s level of information in traditionally non-insect-
eating countries, such as Portugal, needs to be improved and therefore it is imperative to
adapt effective strategies to pass the message of sustainability to the wider public. Future
educational strategies need to focus on the characteristics of the citizens in non-traditional
insect eating countries, and look for ways to shift people’s perceptions. As such, producers
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and brands must educate and inform possible future consumers on this topic. Additional
actions could encompass free tastings in shops/supermarkets/restaurants, which in a more
direct approach could help overcome some of the barriers for eating IEs. Nevertheless,
industries and other actors in the food chain must take into account that some consumers
would continue to feel fear, aversion or disgust towards Els, and therefore not adopt these
foods, even knowing about their environmental advantages.
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Appendix A

Figure Al shows the last 20 values of the coefficients of the agglomeration schedule
for each hierarchical method tested to evaluate the number of clusters.
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Figure Al. Determination of the number of groups by five hierarchical methods.

Table Al presents the comparison of the solutions obtained with the five hierarchical
methods tested.

Table A1l. Comparison of the solutions obtained with the hierarchical methods.

Method ! AL-BG AL-WG CL-FN CENT WARD
AL-BG — — — — —
AL-WG 100% — — — —

CL-FN 100% 100% — — —
CENT 100% 100% 100% — —
WARD 100% 100% 100% 100% —

! AL-BG: average linkage —between groups; AL-WG: average linkage —within groups; CL-FN:
complete linkage —furthest neighbor; CENT: centroid.

Appendix B

In this appendix the full questionnaire is presented.

I. DEMOGRAPHICS

Age: years
Sex: Female (01 Male [0z
Highest level of education concluded:

Basic school (9 school years) (11
Secondary school (12 school years) (2
University degree (13

Post-graduate studies (master or PhD) [4

Living environment:

RuralO 1 Urban O 2 Suburban O 3
Marital status:

Single [ 1 Married O 2 Divorced O s Widowed [ 4
Professional activity/studies related to any of the following areas:

Nutrition O 1 Food O 2 Agriculture O s Environment [ 4
Biology [0 5 Health related activities (1 s None of the previous [ 7
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II. CHARACTERIZATION OF PARTICIPANT’S HABITS
How often do you eat in restaurants?

Rarely (less than once/month) O 1

Sporadically (between once/week and once/month) [ 2
Occasionally (about once/week) O 3

Moderately (2-3 times/week) [0 4

Frequently (4 or plus times/week) [ 5

When going to restaurants, what kind of establishments do you prefer? (you can choose
more than one option)

Portuguese traditional food 01

Ethnic food (Chinese, Italian, Mexican, Indian, etc...) O
Gourmet O3

Convenience food (fast-food) [ 4

No preference s

Other Os  Which: 6a
How often do you travel abroad?
Never [11

Rarely (about once/year) 02
Occasionally (about 2-3 times/years) (13
Frequently (more than 3 times/year) [J4
When traveling abroad, you prefer the type of food you consume?
Typical food from the country visited [I1
Food as similar as possible to Portuguese cuisine 12
International food (types of food commonly spread around the world) Os

III. PERCEPTIONS ABOUT EDIBLE INSECTS AND DERIVATIVES

Please indicate, on the scale between Strongly Disagree and Strongly Agree, your opin-
ion on the following information

Totally _ . Totally No
Disagree ) g Agree Opinion
Th han 2 ies of i h -
ere are more t an 000 species of insects that are con 0, 0, P O, O aF
sumed by humans in the world
Entomopbagy 1s‘a dietary practice that consists of the 0, 0, O, al Os ap
consumption of insects by humans
Some insects can be used to produce animal feed 0 0> Os Os Os Oo
There are flours for human food produced from insects O [ Os mp Os Oo
There i . . ; B
here is no consumption of insects in developed coun 0, 0, O, O, O o
tries (INV)
In som'e Eu‘ropean gourmet restaurants it is practice to 0, 0, O, O, Os 0o
use edible insects
I f th ic cul £
nsects. are_z part of the gastronomic culture of most 0. 0, 0, 0. Os aph
countries in the world
Insect tion is characteristic of less developed
nsect consumption is characteristic of less develope 0, O, 0. O, O- ah
countries
Not all insects are edible O 0> Os P Os Co
In Portugal th lations t food saf
n Portugal there are regulations to ensure food safety 0, 0, 0, O, Os ap

in the case of edible insects (INV)

Insects are used by some people in traditional medicine O 02 Os P Os 0o
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IV. KNOWLEDGE ABOUT EDIBLE INSECTS AND SUSTAINABILITY

Please indicate, on the scale between Strongly Disagree and Strongly Agree, your opin-
ion on the following information

Totally . Totally No
Disagree " Agree Opinion

Insects are a possibility tF) respond to the growing 0, 0, O, O, O o
world demand for protein
The production of insects for human consumption
emits about 10 times less greenhouse gases than the s 02 Os i Os Lo
production of beef
Insects efficiently convert organic matter into protein s 02 Os P Os Lo
T ; - ;

o produce 1 kg of insect protein, it tak.es 5 times less ol 0, P O, O aF
food than to produce 1 kg of cow protein
To produce 1 kg of chicken p1.r0te1r1, 5 tlmes less water is 0, 0, O O, Os Co
used than to produce 1 kg of insect protein (INV)
T duce 1 kg of insect protei i

o produce 1 kg of insect protein requires an area 3 0. O, O, o O- o
times smaller than to produce 1 kg of pig protein
The ecological footprint of insects is comparatively
smaller when compared to other sources of protein for O O2 Os O Os Oo

human consumption

V. KNOWLEDGE ABOUT NUTRITIVE PROPERTIES OF EDIBLE INSECTS

Please indicate, on the scale between Strongly Disagree and Strongly Agree, your opin-
ion on the following information

Totally . Totally No
Disagree - Agree Opinion
Edible insects are a good source of energy [l 02 Os mp Os Oo
Edible insect i d mi trient
ible insects are poor in macro and micronutrients 0, O, 0, o O- Oo
(INV)
Edible insects contain group B vitamins O 02 Os 0. Os o
Edible insects are very rich in animal protein O 0o Os Os Os Oo
Insect pr.otems are of poorer quality compared to 0, 0, O 0. O Co
other animal species (INV)
Edible i t tai i Is of nutriti lint t
ible insects contain minerals of nutritional interest, 0, O, O, o O- Oo
such as calcium, iron and magnesium
Edible 1.nsects contain fat, including polyunsaturated 0, 0, P O, Os ap
fatty acids.
dible insects contain bioactive compounds beneficial 0, 0, O O, O o
to human health
Edible msects. contain anti-nutrients, such as oxalates 0, 0, P O, Os ap
and phytic acid
Some edible insects have a proven antioxidant effect 01 02 Os 04 Os Oo
dible insect h ti-infl t -
Some edible insects may have anti-inflammatory ac o, O, O, O, O- ah

tivity

VI. ATTITUDES REGARDING EDIBLE INSECTS AND DERIVATIVES

Have you ever consumed insects or derived products?
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Yes [ 1 No O21don’t know/don’t remember O3
Under what circumstances did you consume insects or derived products?
a. InPortugal 001 Abroad O 2
b. Inarestaurantld:In a hotel [ 2 On the street O 5
At home O 4 In the house of friends/family O s In parties O 6
c. By my own initiative [0 1 Encouraged by friends I 2
Adpvised by restaurant professionals [ 3
Other OO0 4 Which: 4a
Have you ever bought food containing insects?
Yes O 1No O21don’t know/don’t remember [ 3
If you have already bought food containing insects, where did you get them?
Supermarket [11 Internet (I 2 Specialized shop O3
Street market (14 Other (s Which: 5a

What is your acceptability to consume products that contain insect derivatives in their
ingredients (e.g., snacks with insect meal)?

Definitely Would Not Eat < » Definitely Would Eat
[} O Os 04 Os
What is your acceptability to consume dishes made with whole insects?
Definitely Would Not Eat < » Definitely Would Eat
01 02 Us P Os
What are the motivations that may encourage you to consume foods based on edible
insects?
Very Week - Very Strong
Motivation g Motivation

Being a more sustainable alternative O O Os O Os

Wanting to try exotic foods 01 02 Os 04 Os

Contribute to the preservation of the environment

P M v O 0o Os O Os

and natural resources

Contribute to the diversification of food production O 02 Os 04 Os

Contribute to increasing the income of families that

& O 0o Os O Os

can produce them

Follow trends/innovative fashions of personali-

. / P R} O Os Oa Os
ties/influencers

Possibility of having protein foods at cheap prices O 02 Os O Os
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