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Summary

Background. Insect consumption (entomophagy) is increasingly becoming the focus of attention, not
only for economic reasons, but also due to environmental and health benefits. Achieving environmentally
sustainable food security is one of the greatest global challenges today. A wide range of edible insect
species, which are rich in protein, fat, minerals, vitamins and dietary fiber, can play a significant role in
addressing the issue of global food insecurity. In addition, insect farming can be a sustainable way to
produce food. However, consumer acceptance remains a major obstacle to regarding insects as a food
source in many countries, including Europe. The purpose of this study was to determine whether health
and environmental concerns would be associated with the willingness to consume foods containing edible
insects (fresh, frozen, dried, powdered ones, e.g. meal) with the intention of ensuring food security and
environmental sustainability. An empirical study was conducted among students at five Polish universities.
The survey questionnaire included statements related to attitudes toward natural foods and concerns about
health, the environment, food security and environmental sustainability.

Results and conclusions. Respondents' acceptance of foods containing edible insects as a solution to
(or support in solving) the problem of global food insecurity was most highly correlated with concern for
health and the environment. Gender also differentiated perceptions of food security issues. For women,
issues related to the nutritional value of products with edible insects and environmental aspects were sig-
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nificantly more important than for men. Young people having positive attitudes toward the naturalness of
food were significantly more likely than other respondents to agree that implementing the practice of
consuming foods that contain edible insects in them could provide access to foods with high concentra-
tions of n-3 fatty acids, ensure sustainability in food production and reduce greenhouse gas emissions.

Keywords: concern for the environment, concern for health, naturalness of food, sustainability, ento-
mophagy, edible insects, willingness to consume, young consumers (generation Z), Poland

Introduction

Edible insects are a regular component of a human diet in many regions of the
world. Today, more than 1,900 species of edible insects are consumed worldwide, with
more than 100 in Mexico alone, for example, and it is estimated that more than two
billion people worldwide regularly consume insects [59]. Commonly consumed in-
sects, according to their percentage of consumption, include Coleoptera (beetles)
(31 %), Lepidoptera (caterpillars) (18 %), Hymenoptera (ants, bees and wasps) (14 %),
Orthoptera (grasshoppers, locusts and crickets) (13 %), Hemiptera (cicadas, leafhop-
pers, planthoppers, scale insects and true bugs) (10 %), Isoptera (termites) (3 %),
Odonata (dragonflies) (3 %) and Diptera (flies) (2%) [26]. Today, quite an assortment
of insects are consumed in sub-Saharan Africa, Latin America, Australia and South-
Eastern Asia. In Africa, for example, insects are an important source of food, providing
food security when staple foods such as rice are in short supply or when the availability
of food as a source of protein decreases during the rainy season [1, 2, 56, 63].

The development of agriculture in North-Eastern Africa, Western Asia and Eu-
rope has led to the domestication of a wide range of animals, which have become the
main providers of animal-based food and wool and leather in these regions [8]. This
may have contributed to a lack of interest in insects as a food source [8]. Therefore,
eating insects has never become accepted in European and North American food cul-
ture. Insects in these regions are still sold only as novelty snacks in the niche food sec-
tor, mainly in online shops. Eating insects has recently attracted worldwide public at-
tention. Their potential to become major global food of the future has been pointed out
[30, 36, 55, 59] due to the presence of high-quality protein, vitamins and minerals [52],
as well as economic and environmental benefits [9, 61]. It is assumed that edible in-
sects can successfully become part of a strategy to achieve food security worldwide [9,
61], and especially in the context of more sustainable and environmentally friendly
production of nutrient-rich food than that of other animals [9, 22, 60]. Insects are con-
sidered a good alternative source of proteins, fats and vitamins, and minerals. They
contain essential amino acids such as methionine, cysteine, lysine and threonine [29].
The content of essential amino acids in edible insects ranges from 10 % to 30 %, while
the content of all amino acids ranges from 35 % to 50 %. Furthermore, protein digesti-
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bility, usually after removal of the exoskeleton, was found to be in the range of
77 +98 %. Mineral element analyses showed that edible insects are a rich source of
phosphorus, calcium, manganese, copper, zinc, sodium, potassium and iron. Edible
insects are believed to be a good source of carotene and vitamins such as B1, B2, B6,
D, E, Kand C [46, 54, 65]. Edible insects contain up to 20 % of sugars and fatty acids
[65]. In recent years, attention has also been drawn to the potential of edible insects as
not only a source of nutrients, but also of bioactive compounds, including phenolic
compounds, tocopherols and phytosterols [20, 28, 44]. Edible insects can also be a rich
source of sterols, consisting mainly of phytosterols [5, 45]. A study by Cheseto et al.
[5] showed that the desert locust (Schistocerca gregaria) consumes phytosterols with
plant food and amplifies and metabolizes them into new derivatives with potential
health benefits for humans. The chemical composition of edible insects confirms that
both insects themselves and products made from them can contribute to improving a
human nutritional status and, more broadly, help to deal with malnutrition. Edible in-
sects can therefore be discussed confidently in the context of food security, understood
as ensuring that people have access to adequate food quality and quantity [15]. Alt-
hough there has been an increase in global food security in recent years, the problem of
food shortages and malnutrition, resulting from adverse climatic conditions and the
increasing cost of animal protein production, is still prevalent in many countries [10,
12].

According to predictions by the Food and Agriculture Organization of the United
Nations (FAO), the world's population is estimated to increase to more than 9 billion
by 2050, requiring an increase in food production of approximately 100 % [4, 13, 14,
18]. At the same time, there is a reduction in the amount of available land resources
needed to produce these foods, which is likely to be exacerbated by climate changes,
which are likely to reduce the amount of land available for agriculture and therefore
likely to exacerbate the problem of food insecurity [33, 48]. In 2013, the Food and
Agriculture Organization of the United Nations began promoting insects as "an unex-
plored food source that can help address global food insecurity" [13]. However, the
limitations and risks of consuming edible insects should be highlighted [24]. Food
safety knowledge regarding the use of insects in food production is still limited [53],
which is likely to be a barrier to the introduction and promotion of insect use in a hu-
man diet in many countries [57]. Similarly to the consumption of other animal or plant
products, the consumption of edible insects may be associated with the possibility of a
number of factors harmful to human health, such as chemical and biological contami-
nants or the presence of allergenic substances [42]. The risk of their occurrence is
mainly influenced by insect species, the stage of harvesting, feed and production meth-
ods [11, 57].
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Despite many benefits of entomophagy, consumer acceptance remains a major
barrier to promoting edible insect-based foods in western countries. While insects are
widely consumed in many regions of the world, their consumption arouses a feeling of
disgust/neophobia in many countries [23, 62]. The disgust associated with eating and
accepting or rejecting insect consumption is rooted in culturally determined eating
habits [37, 38] and plays a major role in people's rejection of a particular food product
[16]. An important question, therefore, is whether entomophagy can become part of
eating habits. It is worth trying to find an answer to this question and to identify the
factors that determine the acceptability of edible insects as a regular part of our diet.

The aim of the study was to determine whether health and environmental con-
cerns and attitudes towards natural foods would be associated with the willingness to
eat foods containing edible insects (fresh, frozen, dried, powdered ones, e.g. meal) with
the intention of ensuring food security and environmental sustainability.

The study attempted to verify the following research hypotheses:

H1. Food security resulting from the willingness to consume foods containing edible
insects is linked to health and environmental concerns and attitudes towards natu-
ral foods.

H2. Based on the level of concern for food security and environmental sustainability,
purchase intentions of food containing insects by young consumers can be pre-
dicted by their gender.

Material and methods

The survey-based research presented in this article was conducted as part of an in-
ter-university project in five Polish higher education providers. The empirical survey
was conducted among students, using a specially designed questionnaire, through an
indirect interview method, via an online platform in the fourth quarter of 2023. Permis-
sion to conduct the study was obtained from the University Research Ethics Committee
of the Cracow University of Economics No. KEBN/71/0044/D24/2023. In total, 1,087
questionnaires were collected in the research proceedings, after which incomplete and
incorrectly completed questionnaires were eliminated (24): seven people did not agree
to participate in the study (they did not continue to complete the questionnaire), 15
people refused to answer about gender, and two people entered very large, unrealistic
values in the age field. All respondents gave voluntary, informed consent to participate
in the study and were assured of its anonymity. Participants in the study were people
who stated that they ate all food types and did not limit their consumption of meat or
animal products. In the study population, about 61 % of the subjects were women, and
about 39 % were men. Positive attitudes towards caring for health and the environment
were declared by about 18 % and 22 % of the respondents, respectively. Only 12.99 %
of the respondents declared positive attitudes towards natural products, and as many as
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66.13 % declared ambivalent attitudes. The structure of the survey sample (N = 1,063
respondents) is shown in Table 1.

Table 1.  Characteristics of the respondents (N = 1,063)

Tabela 1. Charakterystyka badanej grupy respondentéw (N = 1,063)

Variables / Zmienne Number of people / Liczba 0s6b [%]
Gender / Pte¢
Men / Mgzczyzni 414 38.95
Women / Kobiety 649 61.05
Attitudes towards health concerns / Postawy wobec troski o zdrowie

Negative / Negatywna 167 15.71
Ambivalent / Obojetna 703 66.13
Positive / Pozytywna 193 18.16

Attitudes towards naturalness of products / Postawy wobec naturalnosci produktow

Negative / Negatywna 222 20.88
Ambivalent / Oboj¢tna 703 66.13
Positive / Pozytywna 138 12.99

Attitudes towards environmental concerns / Postawy wobec troski o srodowisko

Negative / Negatywna 164 15.43
Ambivalent / Obojetna 666 62.65
Positive / Pozytywna 233 21.92

The questionnaire used in this study was constructed in such a way that the varia-
bles contained in it would provide data that would allow the research objective to be
achieved and the research hypotheses included in the study to be verified. In the prepa-
ration of the questionnaire, a set of statements adapted from other authors' stud-
ies/papers was used. The instrument contained 17 items, measured based on a five-
point Likert scale (1 = strongly disagree, 2 = disagree, 3 = have no opinion, 4 = agree
and 5 = strongly agree) [31]. The questionnaire was validated by assessing the con-
struct validity and estimating the reliability of the scales used using Cronbach's alpha

coefficient. The a value obtained was 0.92, indicating good reliability.
The details of the items in each dimension are given below:

— Items in dimension one — Concern for health: 1. | pay attention to how the foods I
choose affect my health; 2. 1 know which foods are healthy and which are not; 3.
When shopping, | choose products that have labels indicating their health benefits

[40].

— Items in dimension two — Attitudes towards natural foods: 1. The naturalness of
products is an important quality attribute for me; 2. I try to buy organic products; 3.
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| try to avoid products with food additives; 4. The quality certification of the food I
buy is important to me; 5. The naturalness of production methods is important to
me [27].

Items in dimension three — Concern for the environment: 1. When | buy food, | try
to pay attention to how its production affects the environment; 2. | try to avoid
food products whose production is harmful to the environment; 3. | am interested
in how food production affects the environment [40, 50, 64].

Items in dimension four — Concern for food security (4 items) and environmental
sustainability (2 items) (CFS & ES scale) resulting from the willingness to con-
sume foods containing edible insects in its composition: "Implementing the prac-
tice of consuming foods containing edible insects in their composition (fresh, fro-
zen, dried, powdered ones, e.g. meal) can solve problems such as: 1. Hunger and
malnutrition; 2. Ensuring access to foods with high nutritional value; 3. High de-
mand for protein sources; 4. Ensuring access to foods with high concentrations of
n-3 fatty acids; 5. Sustainability in food production; 6. Reducing greenhouse gas
emissions. The second, third and fifth items were adapted from Lim et al. study
[32], the fourth and sixth from Guiné et al. study [19], and the first one was addi-
tional.

The empirical material collected was presented in the form of a percentage distri-
bution of the answers given and selected descriptive statistics such as the median,
mean and standard deviation. Mean scores for individual questions were compared
using the Tukey test. The chi-square test with Yates’ correction was conducted to
determine the relationship between health and environmental concerns, gender and
the willingness to pay a higher price and the willingness to eat food containing ed-
ible insects for food security. Spearman's rank correlation analysis was used to de-
termine the relationship between the independent variables (concern for health, at-
titudes towards natural foods and the environment, gender) and the dependent
variable (concern for food security and environmental sustainability). A signifi-
cance level of p <0.05 was assumed for all statistical analyses. Calculations were
performed using Excel 2000 and Statistica 13.3 (Tibco Software, Palo Alto, USA).

Results and discussion

An interesting phenomenon also observed in earlier research by the present au-

thors [39] is the prevailing ambivalent attitude of respondents towards health or envi-
ronmental concerns. In a world where individuals are constantly exposed to infor-
mation, the experience of ambivalence has become an inherent part of human existence
[58]. It is understood as the coexistence of positive and negative associations within a
single attitude [25]. Ambivalent attitudes appear to be common and can persist over
long periods of time. Their relationship to behavior has also been widely studied. At
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the individual level, ambivalence increases delayed reactions when choices have to be
made, prolongs information processing, can affect attitude stability and can even lead
to discomfort. It is also worth asking whether ambivalence leads to more resistance or
increases susceptibility to persuasion and influence. It seems that ambivalent attitudes
are flexible and, depending on the context, can either help individuals to adapt better or
prevent them from reaching satisfactory conclusions [51, 58].

An analysis of the relationship between health concerns and food security result-
ing from respondents' willingness to eat foods containing edible insects in their compo-
sition showed significant differences in the responses given to the statements on the
scale. Significant differences were observed for the statement that food containing
edible insects in its composition can contribute to solving world hunger and malnutri-
tion (p = 0.04). It is noteworthy that regardless of attitudes towards health concerns,
almost half of the respondents declared that edible insects can be a valuable source of
food with high nutritional value (Table 2). The respondents were found to differ signif-
icantly in their perceptions of food containing edible insects as: food contributing to
the demand for protein (p = 0.04), being a good source of n-3 fatty acids, (p < 0.01),
food whose production is sustainable (p <0.01) and contributing to the reduction of
greenhouse gas emissions (p < 0.01). The respondents with positive attitudes towards
health, compared to the respondents with negative and ambivalent attitudes, were more
likely to answer 'yes' to all questions on the food security concern scale (Table 2). In
addition, a significant correlation was found between the food security concern scale
statements: ensuring access to foods with high concentrations of n-3 fatty acids (0.09),
sustainability in food production (0.07) and reducing greenhouse gas emissions (0.11),
and attitudes towards health concern. It can therefore be concluded that people who are
more concerned about their health also pay more attention to the quality of the food
they eat and how its production affects the environment. Similar relationships were
found by Kornher et al. [27], Mikulec et al. [39] and Modlinska et al. [40]. The authors
found that consumers' willingness to adopt insects in their diet is strongly related to
attitudinal variables such as preference for an environmentally friendly production
method and health aspects [27, 39, 40]. According to Costa-Neto [6], insects are me-
dicinal resources for humans in many cultures around the world because they contain a
variety of biologically active compounds, e.g. peptides [21, 66], polysaccharides [34,
41], chitin [29] and phenolic compounds [3, 44], which have a variety of health-
promoting or protective properties, namely antioxidant, antihypertensive, anti-
inflammatory, antimicrobial or immunomodulatory. The therapeutic potential of in-
sects also includes analgesic, antimicrobial, diuretic, anaesthetic and antirheumatic
properties [6]. Thus, insects are not only a source of nutrients for the human body, but
can also provide compounds that can be transformed into ingredients for functional
foods or nutraceuticals [19].



Table 2. Levels of acceptance (rated on a five-point scale, ranging from 1 — "strongly disagree” to 5 — "strongly agree™) of various forms of concern for food

security and environmental sustainability as a function of the segmentation of young consumers according to their level of health concern

Tabela 2. Poziomy akceptacji (oceniane na 5-punktowej skali, od 1 - "zdecydowanie nie zgadzam si¢" do 5 - "zdecydowanie zgadzam si¢") dla réznych form
troski o bezpieczenstwo zywnosciowe i zrownowazony rozwoj srodowiskowy jako funkcja segmentacji mtodych konsumentéw w zaleznosci od pozio-
mu troski o zdrowie

Statements - Scale of health concerns / Skala troski o zdrowie
CPS&ES No/ Nie | have no opinion / Yes / Tak Median / Mean+SD / Spearman’s
Scale****/ Nie mam zdania Medi Srednia £SD ** R/
Stwierdzenia [%] Chi2 ediana redma
— skala CFS R Speara-
&ES N* A P N A P N A P N|A]|P N A P mana ***
Chi2=9.52;
HM 39.19|30.58 | 37.68|19.37 | 26.32| 19.57 | 41.44 | 43.10 | 42.75 df=4; 2.00{2.00(2.002.02%£0.90 | 2.13%+0.85 | 2.05*+0.90 0.02
p=0.04
Chi2=9.25;
PC-FHNV |[31.53|23.47(29.71|22.97 |26.74|18.84 | 45.50 | 49.79 | 51.45 df=4; 2.00|2.00|3.00 |2.14%0.87 | 2.26°+0.82 | 2.22°+0.88 0.04
p=0.06
Chi2=9.95;
HD-PS |29.73|21.47|20.29 | 18.02|25.04|21.01|52.25|53.49 | 58.70 df=4; 3.00(3.00 [3.00|2.23%£0.88 | 2.32°+0.81 | 2.38%+0.80 0.05
p=0.04
PC-FHC- Chi2=16.08;
3FA 34.68|23.76 | 25.36 | 32.44 | 37.98 | 27.54 | 32.88 | 38.26 | 47.10 df=4; 2.00|2.00|2.00|1.98%:0.82 | 2.15%+0.77 | 2.22°+0.83 0.09
p<0.01
Chi2=18.28;
SFP 36.94126.17(29.71|30.18 | 38.69 | 25.36 | 32.88 | 35.14 | 44.93 df=4; 2.00{2.00 2.00|1.96%0.84 | 2.09%+£0.78 | 2.15%0.85 0.07
p<0.01
Chi2=22.18;
RGGE 36.04|24.18 |25.37|30.18 | 35.42 | 22.46 | 33.78 | 40.40 | 52.17 df=4; 2.00|2.00|3.00|1.98%:0.84 | 2.16°+0.79 | 2.27°+0.84 0.11
p<0.01




Explanatory notes: *N — negative attitude, A —ambivalent attitude, P — positive attitude — attitude scale towards food containing edible insects; ** VValues marked with different letters in
rows are significantly different p < 0.05; *** bold values are statistically significant; **** Statements — CFS & ES Scale (Concern for Food Security and Environmental Sustainability
Scale): HM — hunger and malnutrition, PC-FHNV — providing access to foods with high nutritional value, HD-PS — high demand for protein sources, PC-FHCn-3FA — providing access
to foods with high concentrations of n-3 fatty acids, SFP — sustainability in food production, RGGE - reducing greenhouse gas emissions.

Objasnienia: *N — postawa negatywna, A — postawa ambiwalentna, P — postawa pozytywna — skala postaw wobec zywno$ci zawierajacej jadalne owady; ** Warto$ci oznaczone
roznymi literami w wierszach roznig si¢ istotnie p < 0.05; *** pogrubione warto$ci sg statystycznie istotne; **** Stwierdzenia skali CFS & ES (Skala Troski o Bezpieczenstwo
Zywnosciowe i Zrownowazony Rozwo6j Srodowiskowy): HM — gléd i niedozywienie, PC-FHNV — zapewnienie dostepu do zywno$é o wysokiej wartosci odzywczej, HD-PS - wysoki
popyt na zrodta biatka, PC-FHCn-3FA — zapewnienie dostepu do zywno$¢ o wysokim stezeniu kwasoéw ttuszczowych n-3, SFP — zréwnowazony rozwdj w produkceji zywnosci, RGGE
— zmniejszenie emisji gazow cieplarnianych
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The declared attitudes of the surveyed group of young consumers towards the
naturalness of food significantly differentiated the respondents' attitudes towards se-
lected issues related to food security and environmental sustainability. No significant
differences (p > 0.05) were observed in the frequency of individual responses to varia-
bles arising from the willingness to consume food containing edible insects to address
issues such as hunger and malnutrition and to ensure access to nutritious food (Ta-
ble 3).

In contrast, significant differences were observed for the frequency of responses
to statements related to the practice of consuming foods containing edible insects
(fresh, frozen, dried, powdered, e.g. meal) to address issues such as ensuring high de-
mand for protein sources (p = 0.04), ensuring access to foods containing n-3 fatty acids
(p < 0.01), ensuring sustainability in food production (p < 0.01) and reducing green-
house gas emissions (p < 0.01). The respondents characterized by negative attitudes
towards the naturalness of food were significantly more likely to answer 'no' to the
above statements compared to the other respondents, and in particular disagreed with
the statements: implementing the practice of consuming food containing edible insects
(fresh, frozen, dried, powdered ones, e.g. meal) can provide access to foods with high
concentrations of n-3 fatty acids (34.69 %), ensure sustainability in food production
(36.94 %) and reduce greenhouse gas emissions (36.04 %). In contrast, the respondents
with positive attitudes towards food naturalness were significantly more likely to an-
swer 'yes' to the three statements presented above (47.10 %, 44.93 % and 52.17 %,
respectively) (Table 3). The mean values calculated from the sum of the scores ob-
tained for the individual statements on the scale of concern for food security and envi-
ronmental sustainability (scale CFS & ES) also differed significantly for the respond-
ents with declared negative attitudes towards food naturalness compared to those with
declared ambivalent and positive attitudes in their responses to the statements, that the
consumption of foods containing edible insects can ensure a high demand for protein
sources, access to foods with high concentrations of n-3 fatty acids, and sustainability
in food production and reduction of greenhouse gas emissions. In addition, a signifi-
cant positive correlation (0.07 to 0.12) was observed between the attitudes of young
consumers (generation Z) towards natural foods if they were the answer to solving
problems such as: hunger and malnutrition, ensuring high demand for protein sources
and providing access to foods rich in n-3 fatty acids, and that the consumption of natu-
ral foods would contribute to sustainability in food production and the reduction of
greenhouse gas emissions (Table 3).



Table 3. Acceptance levels (assessed on a five-point scale, from 1 — “definitely no” to 5 — “definitely yes”) for different forms of concern for food security and
environmental sustainability as a function of the segmentation of young consumers according to attitudes towards the naturalness of food

Tabela 3. Poziomy akceptacji (oceniane na 5-punktowej skali, od 1 - “zdecydowanie nie zgadzam si¢" do 5 - "zdecydowanie zgadzam si¢") dla r6znych form troski
0 bezpieczenstwo zywnosciowe i zrownowazony rozwoj Srodowiskowy jako funkcja segmentacji mtodych konsumentow w zaleznosci od postaw wo-

bec naturalnosci zywnosci

Statements — Scale of attitudes towards naturalness of food / Skala postaw wobec naturalno$ci zywnosci
CFS & ES . I have no opinion / : >
Scale****/ No/Nie Nie mam Edania Yes/Tak Megl_an/ Mean+SD**/ Srednia+SD SpeaFr{n;an s
Stwierdzenia [%] Chi? Mediana
— skala CFS R Spear-
& ES N* | A P N A P N A P N|A]|P N A P mana ***
Chi’=9.52;
HM 39.19|30.58 [ 37.68 | 19.37 | 26.32| 19.57 | 41.44 | 43.10 | 42.75 df=4; 4.00(4.00|4.00 | 2.94°+1.29 | 3.09%£1.20 | 3.02°+1.41 0.03
p=0.06
Chi*=9.25;
PC-FHNV |31.53|23.47|29.71|22.97|26.74 | 18.84 | 45.50 | 49.79 | 51.45 df=4; 4.00(4.00|4.00 | 3.07%£1.27 | 3.26%£1.17 | 3.23%£1.36 0.05
p=0.06
Chi*=9.95;
HD-PS  |29.73|21.48|20.29|18.02 | 25.04 | 21.01|52.25|53.48 | 58.70 df=4; 4.00(4.00|4.00|3.16%+1.28 | 3.34°1.14 | 3.47°£1.32 0.07
p=0.04
PC-FHCh- Chi*=16.08; } }
3FA 34.69|23.76 | 25.36 | 32.43 | 37.98| 27.54 | 32.88 | 38.26 | 47.10 dfgé(l);l 3.003.00|4.00|2.88%1.17 | 3.09°+1.06 | 3.23°+1.31 0.10
p<0.
Chi*=18.28;
SFP 36.94126.17 (29.71|30.18 | 38.69 | 25.36 | 32.88 | 35.14 | 44.93 df=4; 3.00|3.00(4.00|2.81%1.21|3.03°+1.09 | 3.18°+1.38 0.09
p<0.01
Chi’=22.18;
RGGE |36.04|24.18|25.37|30.18|35.42 | 22.46 | 33.78 | 40.40 | 52.17 df=4; 3.00|3.00|4.00|2.86%1.28 | 3.15°+1.14 | 3.36+1.41 0.12
p<0.01

Explanatory notes: *N — negative attitude, A —ambivalent attitude, P — positive attitude — attitude scale towards food containing edible insects; ** Values marked
with different letters in rows are significantly different p < 0.05; *** bold values are statistically significant; **** Statements — CFS & ES Scale (Concern for




Food Security and Environmental Sustainability Scale): HM — hunger and malnutrition, PC-FHNV — providing access to foods with high nutritional value, HD-PS
— high demand for protein sources, PC-FHCn-3FA — providing access to foods with high concentrations of n-3 fatty acids, SFP — sustainability in food produc-
tion, RGGE — reducing greenhouse gas emissions.

Objasnienia: *N — postawa negatywna, A — postawa ambiwalentna, P — postawa pozytywna — skala postaw wobec zywno$ci zawierajacej jadalne owady; **
Warto$ci oznaczone réznymi literami w wierszach rdznig si¢ istotnie p < 0.05; *** pogrubione wartosci sg statystycznie istotne; **** Stwierdzenia skali CFS &
ES (Skala Troski o Bezpieczefistwo Zywnosciowe i Zrownowazony Rozwoj Srodowiskowy): HM — gt6d i niedozywienie, PC-FHNV — zapewnienie dostgpu do
zywno$¢ o wysokiej wartosci odzywczej, HD-PS - wysoki popyt na zrodia biatka, PC-FHCN-3FA — zapewnienie dostgpu do zywnos$¢ o wysokim stgzeniu
kwasow ttuszczowych n-3, SFP — zréownowazony rozwdj w produkcji zywnosci, RGGE — zmniejszenie emisji gazéw cieplarnianych

Table 4. Levels of acceptance (rated on a five-point scale, ranging from 1 — "strongly disagree" to 5 — "strongly agree") of various forms of concern for food
security and environmental sustainability as a function of the segmentation of young consumers according to their level of concern for the environ-
ment.

Tabela 4. Poziomy akceptacji (oceniane na 5-punktowej skali, od 1 - "zdecydowanie nie zgadzam si¢" do 5 - “zdecydowanie zgadzam si¢") dla réznych form
troski o bezpieczenstwo zywnosciowe i zrownowazony rozwoj srodowiskowy jako funkcja segmentacji mtodych konsumentéw w zalezno$ci od po-
ziomu troski o $rodowisko

Statements — Scale of concern for the environment / Skala troski o $rodowisko
CFS & ES ini
Scale****/ No / Nie |EﬁVE no op(ljnlo_n/ Yes/ Tak Median / , 3 Spearman’s
. . 1e mam zdania . : Mean+=SD** / Srednia=SD R/
Stwierdzenia [%] Chi2 Mediana
— skala CFS > R Spear.
&ES | N*| A | P | N| A | P | N|A|TP N|A|P| N A p | Mmana
Chi2=39.44;
HM 48.78|31.83|26.61|16.46|28.08|17.60 | 34.76 | 40.09 | 55.79 df=4; 2.00(2.00|3.00 | 1.867+0.91 | 2.08°+0.84 | 2.29°+0.86 0.20
p<0.01
Chi2=36.92;
PC-FHNV |41.46|25.07{17.60|21.34(27.33|20.60|37.20|47.60|61.80 df=4; 2.00(2.003.00 | 1.96%+0.89 | 2.23%+0.82 | 2.44°+0.78 0.21
p<0.01
Chi2=35.69;
HD-PS 36.59|22.97|13.74 {17.68 | 25.53 | 19.74 | 45.37 | 51.50 | 66.52 df=4; 2.00(3.003.00 | 2.09%+0.91 | 2.29%+0.82 | 2.53°+0.73 0.21
p<0.01




Chi2=42.26;
38.41|25.68|19.31|29.27 [ 40.09 | 26.61 | 32.32| 34.23 | 54.08 df=4; 2.00{2.00 | 3.00 | 1.94%£0.84 | 2.09%+0.77 | 2.35°+0.78 0.22
p<0.01
Chi2=47.17;
SFP 43.90|28.38|19.74|30.49 (38.74 | 28.33 | 25.61 | 32.88 | 51.93 df=4; 2.00|2.00|3.00|1.82%£0.82 | 2.05°+£0.78 | 2.32%£0.78 0.24
p<0.01
Chi2=62.38;
RGGE 42.68|26.57|16.31|31.71(35.89 | 24.03 | 25.61 | 37.54 | 59.66 df=4; 2.00{2.00 |3.00|1.83%£0.81|2.11°+0.79 | 2.43%+0.76 0.28
p<0.01

Explanatory notes: *N — negative attitude, A — ambivalent attitude, P — positive attitude — attitude scale towards food containing edible insects; ** Values marked
with different letters in rows are significantly different p < 0.05; *** bold values are statistically significant; **** Statements — CFS & ES Scale (Concern for
Food Security and Environmental Sustainability Scale): HM — hunger and malnutrition, PC-FHNV — providing access to foods with high nutritional value, HD-PS
— high demand for protein sources, PC-FHCn-3FA — providing access to foods with high concentrations of n-3 fatty acids, SFP — sustainability in food produc-
tion, RGGE — reducing greenhouse gas emissions.

Objasnienia: *N — postawa negatywna, A — postawa ambiwalentna, P — postawa pozytywna — skala postaw wobec zywno$ci zawierajacej jadalne owady; **
Warto$ci oznaczone réznymi literami w wierszach rdznig si¢ istotnie p < 0.05; *** pogrubione wartosci sg statystycznie istotne; **** Stwierdzenia skali CFS &
ES (Skala Troski o Bezpieczefistwo Zywnosciowe i Zrownowazony Rozwoj Srodowiskowy): HM — gtod i niedozywienie, PC-FHNV — zapewnienie dostgpu do
zywno$¢ o wysokiej wartosci odzywczej, HD-PS — wysoki popyt na zrodla biatka, PC-FHCn-3FA — zapewnienie dostgpu do zywno$¢ o wysokim stezeniu
kwasow ttuszczowych n-3, SFP — zréownowazony rozwdj w produkcji zywnosci, RGGE — zmniejszenie emisji gazéw cieplarnianych

PC-FHCn-
3FA
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As demonstrated by results from previous studies, the highest likelihood of con-
suming insect-based foods was observed among people with low levels of food neo-
phobia and low disgust sensitivity, but with high levels of variety-seeking tendencies
[40, 49]. Motivations related to food choice, such as convenience, health and ecologi-
cal well-being, had a minimal influence on the acceptance of insects as food and feed
among Norwegian and Portuguese residents [49]. In contrast, international travel is an
important factor influencing Polish consumers' perceptions of food product innovation
among 20 ~+ 44-year-olds. Tourist experience is an important factor in food awareness,
a source of knowledge about the positive characteristics of new foods, and a demand
factor that determines the willingness to accept these innovations [47].

Concern for the environment was found to be a factor significantly (p < 0.01) in-
fluencing all food security measurement items in terms of the willingness to eat food
containing edible insects (Table 4). Individuals with a positive attitude towards envi-
ronmental concern were significantly more likely to answer 'yes' to individual state-
ments on the food security concern scale, and the mean value from the number of
points obtained was also significantly higher compared to individuals with ambivalent
and negative attitudes towards environmental concern (Table 4). Weak positive signifi-
cant correlations (ranging from 0.20 to 0.28) were also observed between environmen-
tal concern and issues regarding the willingness to eat food containing edible insects in
the context of ensuring food security (Table 4). Thus, as concern for the environment
increases in respondents, concern for food security resulting from the willingness to
consume food containing edible insects in its composition increases. The results ob-
tained for young consumers in Poland are in line with research conducted among con-
sumers in Germany [27]. Kornher et al. [27] indicate that the willingness to consume
insects is highly correlated with the demand for low-carbon products. Perhaps, con-
sumers are already aware that growing and consuming insects can provide a solution to
environmental and health problems [19, 27].



Table 5. Gender implications for food security and environmental sustainability resulting from young consumers’ willingness to eat foods with edible
insects in their composition
Tabela5. Wplyw plci na bezpieczenstwo zywnosciowe i zrownowazony rozwoj srodowiskowy wynikajace z gotowosci mtodych konsumentow do
spozywania zywnosci zawierajacej w swoim sktadzie owady jadalne
Statements - Gender/ Ple¢
CFS & ES I have no
Scale****/ No/ Nie opinion / Nie Yes / Tak Median / Mean+SD**/ Sred- Spearman’s
Stwierdzenia — mam zdania Chi? Mediana nia+SD R/ R Spear-
skala CFS & [%] mana ***
ES M* w M w M w M w M w
HM 35.75| 31.74 | 22.22 | 25.12 |42.03 | 43.14 | Chi’=2.17; df=2; p=0.34 | 2.00 | 2.00 | 2.06%£0.88 | 2.11%£0.86 0.03
PC-FHNV [30.19| 2327 | 25.12 | 24.81 |44.69 | 51.92 | Chi’=7.33; df=2; p=0.03 | 2.00 | 3.00 | 2.14%+0.85 | 2.29°+0.82 0.08
HD-PS 26.09| 21.11 | 21.98 | 23.73 |51.93 | 55.16 | Chi*=3.51; df=2; p=0.17 | 3.00 | 3.00 | 2.26%£0.85 | 2.34°+0.80 0.04
PC-FHCn-3FA [32.13| 2250 | 36.71 | 34.67 |31.16 | 42.83 | Chi’=18.28; df=2; p<0.01| 2.00 | 2.00 | 1.99%0.80 | 2.20°+0.78 0.13
SFP 32.85| 26.35 | 34.78 | 35.44 |32.37 | 38.21 | Chi’=7.11; df=2; p=0.04 | 2.00 | 2.00 | 2.00%0.81 | 2.12°+0.80 0.07
RGGE 32.85| 22.96 | 31.16 | 33.59 | 35.99 | 43.45 | Chi’=13.01; df=2; p<0.01| 2.00 | 2.00 | 2.03%£0.83 | 2.20°+0.79 0.10

Explanatory notes: *M — men, W — women; ** VValues marked with different letters in rows are significantly different p < 0.05; *** bold values are statis-
tically significant; **** Statements — CFS & ES Scale (Concern for Food Security and Environmental Sustainability Scale): HM — hunger and malnutri-
tion, PC-FHNV - providing access to foods with high nutritional value, HD-PS — high demand for protein sources, PC-FHCn-3FA — providing access to
foods with high concentrations of n-3 fatty acids, SFP — sustainability in food production, RGGE - reducing greenhouse gas emissions.

Objasnienia: *M — mezczyzni, W — kobiety; ** Warto$ci oznaczone réznymi literami w wierszach rdznig si¢ istotnie p < 0.05; *** pogrubione wartosci sa
statystycznie istotne; **** Stwierdzenia skali CFS & ES (Skala Troski o Bezpieczenstwo Zywnosciowe i Zrownowazony Rozwoj Srodowiskowy): HM —
glod i niedozywienie, PC-FHNV — zapewnienie dostgpu do zywno$¢ o wysokiej wartosci odzywczej, HD-PS — wysoki popyt na zrédta biatka, PC-FHCn-
3FA — zapewnienie dostepu do zywno$¢ o wysokim st¢zeniu kwasow thuszczowych n-3, SFP — zréownowazony rozwo6j w produkcji zywnosci, RGGE —
zmniejszenie emisji gazéw cieplarnianych
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However, according to Modlinska et al. [40], educating people about the sustain-
able properties of insect-based foods and targeting marketing strategies to this charac-
teristic is not enough to convince consumers to buy and eat insects. Insects seem to be
a suitable alternative to meat only in theory. Familiarity with the idea of eating insects
increases acceptance of the basic concept of replacing meat with edible insects, but
does not influence the willingness to try real insect-based foods [40]. Understanding
which factors may influence consumer perceptions of edible insects plays a key role in
the future prospects of entomophagy and, consequently, the production and consump-
tion of new food proteins. According to Mancini et al. [35], in order to achieve this
goal, communication with potential young consumers (based on a study conducted
among students in Italy) is crucial. Organizing informative tasting sessions is a good
method to influence people to try insect-based foods for the first time.

An analysis of the effect of respondents’ gender on their attitudes towards food
security concerns resulting from their willingness to eat food containing edible insects
showed that women were significantly more likely than men to express the willingness
to eat food containing edible insects if it had: high nutritional value (p = 0.03), was a
source of n-3 fatty acids (p < 0.01), was sustainable in food production (p = 0.04) and
significantly reduced greenhouse gas emissions (p < 0.01). For these statements, a sig-
nificant positive correlation was also observed, confirming that female respondents
were more attentive to the above-mentioned issues in terms of their perception of the
role that food containing edible insects could play to contribute to global food security
(Table 5). Our results are in line with those of previous studies; although men are more
familiar with entomophagy and more willing to accept the idea of insects as a meat
substitute, they are not more likely to consume them than women [40]. Florenga et al.
[17] highlighted that people’s motivations for consuming edible insects are driven by
the geographic location of the countries in which they live. Therefore, market segmen-
tation and consumer characteristics must be taken into account when designing strate-
gies to encourage the consumption of edible insects as part of a global strategy for the
sustainability of food systems.

Conclusions

Despite their nutritional and environmental potential, insect-based foods are rare-
ly accepted by young consumers in Poland. There is a gap between consumers' under-
standing of the need to reduce meat consumption and their personal attitudes and inten-
tions to consume and purchase foods containing edible insects (fresh, frozen, dried,
powdered ones, e.g. meal). The consumers who declared their acceptance of the idea of
edible insects as a substitute for meat may be reluctant to buy insects for their own
consumption. This study aimed to determine whether health and environmental con-
cerns are linked to the willingness of young consumers in Poland (generation Z) to
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consume food containing edible insects (fresh, frozen, dried, powdered ones, e.g. meal)
with the intention of ensuring food security and environmental sustainability. The re-
sults of the research allow us to better understand the attitudes and expectations of
young consumers in Poland towards new, innovative foods containing edible insects in
their composition. Generation Z's acceptance of food containing edible insects as a
solution to (or support in solving) the problem of global food insecurity was most
strongly correlated with concerns about health and the environment. Gender also dif-
ferentiated perceptions of food safety issues among Generation Z. For women, issues
related to the nutritional value of products with edible insects and environmental as-
pects were significantly more important than for men. Thus, on the basis of the study
of young women's attitudes towards food security concerns and environmental sustain-
ability, their intentions to purchase food containing edible insects can be predicted. In
addition, young Poles having positive attitudes towards the naturalness of food were
significantly more likely, compared to the other respondents, to agree that the imple-
mentation of the practice of consuming food containing edible insects (fresh, frozen,
dried, powdered ones, e.g. meal) could ensure access to food with a high concentration
of n-3 fatty acids, ensure sustainability in food production and reduce greenhouse gas
emissions. The results clearly indicate that among young consumers in Poland, it is
worthwhile to undertake initiatives/interventions to support activities aimed at ensuring
food security, especially in the context of caring for the environment. Hence, our study
implies that there is a positive and significant willingness among representatives of
Generation Z in Poland to consume products with a low carbon footprint. The implica-
tion for producers of insect-based food products would be to focus on highlighting the
negative consequences of meat consumption for climate and health, and to create op-
portunities for tasting foods containing edible insects. The experience of consuming
insects acquired in this way would translate into the willingness of young consumers to
purchase and consume new, previously unknown foods. The results obtained can con-
tribute to efforts to promote the legitimacy of producing new foods containing edible
insects in their composition. Several other factors should be taken into account in fu-
ture research, including: the scale of experience with edible insects, the frequency of
travel for culinary tastings, the level of tendency to seek diversity, an assessment of
knowledge about entomophagy, the willingness to participate in culinary workshops
using edible insects, and an analysis of factors taken into account when purchasing
food that may influence the acceptance of edible insects as food by young consumers
(Generation Z) in Poland.

Limitations of the study

However, there are some limitations related to the presented study. The research
was conducted in a narrow subjective approach and only among university students
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representing but a segment of young buyers. It should also be emphasized that the sur-
veys can generate valuable information, but the actual consumption results may differ
significantly from the survey results.

Acknowledgments

This article presents the results of research carried out as part of the research pro-
ject No. WZNJ/2024/PZ/1 funded by the Faculty of Management and Quality Sciences
of the Maritime University of Gdynia.

References

[1] Bahuchet S., Garine L.D.: Recipes for a forest menu, in: Hladik C.M., Bahuchet S., Garine L.D.
(Eds.): Food and nutrition in the African rain forest. UNESCO, Paris, 1990, 53-54.

[2] Bahuchet S.: Ethnozoologie des Pygmées Babinga de la Lobaye, République Centrafricaine, in: R.
Pujol (Ed.): Premier Colloque d’Ethnozologie, Institut International d’Ethnoscience. Paris, 1975, 53-
61.

[3] Baigts-Allende D., Doost A.S., Ramirez-Rodrigues M.: Dewettinck K., Van der Meeren P., de
Meulenaer B., Tzompa-Sosa D.: Insect Protein Concentrates from Mexican Edible Insects:
Structural and Functional Characterization. LWT-Food Sci. Technol., 2021, 152, #112267.

[4] Belluco S., Losasso C., Maggioletti M., Alonzi C.C., Paoletti M.G., Ricci A.: Edible insects in a
food safety and nutritional perspective: a critical review. Compr. Rev. Food Sci. Food Saf., 2013, 12,
296-313.

[5] Cheseto X., Kuate S.P., Tchouassi D.P., Ndung’u M., Teal P.E.A., Torto B.: Potential of the Desert
Locust Schistocerca Gregaria (Orthoptera: Acrididae) as an Unconventional Source of Dietary and
Therapeutic Sterols. PLoS ONE, 2015, 10, #0127171.

[6] Costa-Neto E.M.: Entomotherapy, or the Medicinal Use of Insects. J. Ethnobiol., 2005, 25, 93-114.

[7]1 DeFoliart, G. R.: Insects as food: why the western attitude is important. Annu. Rev of Entomol.
2014, 44(1), 21-50.

[8] Diamond J.M.: Guns, germs and steel: a short history of everybody in the last 13,000 years. Vintage,
London, 1998.

[91 Dobermann D., Swift J. A., Field L. M.: Opportunities and hurdles of edible insects for food and
feed. Nutr. Bull., 2017, 42(4), 293-308.

[10] Dorward A.: The short- and medium-term impacts of rises in staple food prices. Food Sec., 2012, 4,
633-645.

[11] EFSA Scientific Committee, Risk profile related to production and consumption of insects as food
and feed. EFSA J., 2015, 13, #4257.

[12] FAO: Dietary protein quality evaluation in human nutrition: Report of an FAO Expert Consultation.
Food and Agriculture Organization of the United Nations, Rome, 2013.

[13] FAO: Edible insects. Future prospects for food and feed security. Food and Agriculture Organization
of the United Nations, Rome, 2013.

[14] FAO: High Level Expert Forum — How to Feed the World in 2050. Food and Agriculture
Organization of the United Nations, Rome, 2009.

[15] FAO: Looking at edible insects from a food safety perspective. Challenges and opportunities for the



EDIBLE INSECTS AS A POTENTIAL PRODUCT FOR ACHIEVING GLOBAL FOOD SECURITY. PART 2 167

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]
[24]

[25]
[26]

[27]
[28]

[29]

[30]

[31]
[32]

[33]

[34]

sector. Food and Agriculture Organization of The United Nations, Rome, 2021.

Fessler D.M.T., Navarrete C.D.: Meat is good to taboo: dietary proscriptions as a product of the
interaction of psychological mechanisms and social processes. J. Cogn. Cult., 2003, 3, 1-40.
Florenga S.G., Guiné R.P.F., Gongalves F.J.A., Barroca M.J., Ferreira, M., Costa C.A., Correia
P.M.R., Cardoso, A.P., Campos S., Anjos O., Cunha L.M.: The Motivations for Consumption of
Edible Insects: A Systematic Review. Foods, 2022, 11, #3643.

Gladek E., Fraser M., Roemers G., Sabag Mufioz O., Kennedy E., Hirsch P.: The global food
system: An analysis. World Wide Fund for Nature. Netherlands, 2017.

Guiné R.P.F., Duarte J., Chuck-Hernandez C., Boustani N.M., Djekic I., Bartkiene E., Sari’"c M.M.,
Papageorgiou M., Korzeniowska M., Combarros-Fuertes P., Cerneli’c-Bizjak M., Martin-Hadmas
R., Straumite E., Damarli E., Floreng¢a S.G., Ferreira M., Costa C.A., M. R. Correia P., Cardoso
A.P., Campos S., Anjos O.: Validation of the scale knowledge and perceptions about edible insects
through structural equation modelling. Sustainability, 2023, 15, #2992.

Gumul D., Oracz J., Kowalski S., Mikulec A., Skotnicka M., Karwowska K., Areczuk A.: Bioactive
compounds and antioxidant composition of nut bars with addition of various edible insect flours.
Molecules, 2023, 28(8), #3556.

Hall F., Reddivari L., Liceaga A.M.: Identification and characterization of edible cricket peptides on
hypertensive and glycemic in vitro inhibition and their anti-inflammatory activity on RAW 264.7
Macrophage Cells. Nutrients, 2020, 12, #3588.

Halloran A., Flore R., Vantomme P., Roos, N.: (Eds.).: Edible insects in sustainable food systems.
Cham: Springer, 2018, pp. 978-983.

Hartmann M. Siegrist M: Insects as food: perception and acceptance. Findings from current
research. Ernaehr. Umsch., 2017, 64, 44-50.

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

Jonas K., Broemer P., Diehl M.: Attitudinal ambivalence. Eur Rev Soc Psychol, 2000, 11, 35-74.
Jongema Y.: List of edible insect species of the world. Laboratory of Entomology, Wageningen
University, Wageningen, The Netherlands. 2017.

Kornher L., Schellnorn M., Vetter S.: Disgusting or innovative-consumer willingness to pay for
insect based burger patties in Germany. Sustainability, 2019, 11, #1878.

Koufimska L., Adamkova A.: Nutritional and sensory quality of edible insects. NFS J., 2016, 4, 22-
26.

Kowalski S., Oracz J., Skotnicka M., Mikulec A., Gumul D., Mickowska B., Mazurek A., Sabat R.,
Wywrocka-Gurgul A., Zyzelewicz D.: Chemical composition, nutritional value, and acceptance of
nut bars with the addition of edible insect powder. Molecules, 2022, 27, #8472.

Lange K.W., Nakamura Y.: Edible insects as future food: chances and challenges. J. Future Foods,
2021, 1, 38-46.

Likert R.A.: Technique for the measurement of attitudes. Archiv of Psychology, 1932, 22, 5-55.

Lim S.M., Thien C.N., Toure A.K., Poh B.K.: Factors influencing acceptance of grasshoppers and
other insects as Food: A Comparison between two cities in Malaysia. Foods, 2022, 11, #3284.

Lloyd S.J., Kovats R.S., Chalabi Z.: Climate change, crop yields, and undernutrition: development
of a model to quantify the impact of climate scenarios on child undernutrition. Environ. Health
Perspect., 2011, 119, 1817-1823.

Malm M., Liceaga A.M.: Physicochemical properties of chitosan from two commonly reared edible
cricket species, and its application as a hypolipidemic and antimicrobial agent. Polysaccharides,
2021, 2, 339-353.



168

Anna Mikulec i wsp.

[35]
[36]
[37]

[38]
[39]

[40]

[41]

[42]
[43]
[44]

[49]

[46]

[47]

(48]

(49]

[50]
(51]
[52]

[53]

Mancini S., Sogari G., Menozzi D., Nuvoloni R. , Torracca B., Moruzzo R., Paci G.: Factors
predicting the intention of eating an insect-based product. Foods, 2019, 8, 270.

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

Mela D.J.: Food choice and intake: the human factor. Proc. Nutr. Soc., 1999, 58, 513-521.

Mignon J.: L’entomophagie: une question de culture? Tropicultura, 2002, 20, 151-155.

Mikulec A., Platta A., Radzyminska M., Ruszkowska M., Mikulec K., Suwata G., Kowalski St.,
Kowalczewski P.L., Nowicki M.: Attitudes and purchase intentions of polish university students
towards food made from insects - a modelling approach. PLoS ONE, 2024, 19(3): #0300871.
Modlinska K., Adamczyk D., Maison D., Goncikowska K., Pisula, W.: Relationship between
Acceptance of Insects as an Alternative to Meat and Willingness to Consume Insect-Based Food — A
Study on a Representative Sample of the Polish Population. Foods, 2021, 10, #2420.

Mohan K., Ganesan A.R., Muralisankar T., Jayakumar R., Sathishkumar P., Uthayakumar V.,
Chandirasekar R., Revathi N.: Recent insights into the extraction, characterization, and bioactivities
of chitin and chitosan from insects. Trends Food Sci. Technol., 2020, 105, 17-42.

Murefu T.R., Macheka L., Musundire R., Manditsera F.A.: Safety of wild harvested and reared
edible insects: a review. Food Control, 2019, 101, 209-224.

Nino M.C., Reddivari L., Ferruzzi M.G., Liceaga A.M.: Targeted Phenolic characterization and
antioxidant bioactivity of extracts from edible Acheta domesticus. Foods, 2021, 10, #2295.

Nino M.C., Reddivari L., Osorio C., Kaplan I., Liceaga A.M.: Insects as a source of phenolic
compounds and potential health benefits. J. Insects as Food Feed., 2021, 7, 1077-1087.

Ochieng B.O., Anyango J.O., Nduko J.M., Cheseto X., Mudalungu C.M., Khamis F.M., Ghemoh
C.J., Egonyu P.J., Subramanian S., Nakimbugwe D., Ssepuuya G., Tanga, C. M: Dynamics in
nutrients, sterols and total flavonoid content during processing of the edible long-horned grasshopper
(Ruspolia Differens Serville) for food. Food Chem., 2022, 383, #132397.

Pal P., Roy S.: Edible Insects: Future of Human Food - A Review. Int. Lett. Nat. Sci., 2014, 26, 1-
11.

Piwowar A., Wolanska W., Orkusz A., Kapelko M., Harasym J.: Modelling the factors influencing
polish consumers’ approach towards new food products on the market. Sustainability, 2023, 15,
2818.

Premalatha M., Abbasi T., Abbasi T. Abbasi S.A.: Energy-efficient food production to reduce global
warming and ecodegradation: the use of edible insects. Renew. Sust. Energ. Rev. , 2011, 15, 4357-
4360.

Ribeiro J.C., Sposito Gongalves A.T., Moura A.P., Varela P., Cunha L.M.: Insects as food and feed
in Portugal and Norway — Cross-cultural comparison of determinants of acceptance. Food Qual.
Prefer., 2022, 102, #104650.

Roberts J.A.: Green consumers in the 1990s: Profile and implications for advertising. J. Bus. Res.,
1996, 36, 217-231.

Rothman N.B., Pratt M.G, Rees L., Vogus T.J.: Undrstanding the dual nature of ambivalence: Why
and when ambivalence leads to good and bad outcomes. Acad. Manag. Ann., 2017, 11(1), 33-72.
Rumpold B. A., Schliiter O. K.: Nutritional composition and safety aspects of edible insects. Mol.
Nutr. Food Res., 2013, 57(5), 802-823.

Schliiter O., Rumpold B., Holzhauser T., Roth A., Vogel R. F., Quasigroch W., Vogel S., Heinz V.,
Jager H., Bandick N., Kulling S., Knorr D., Steinberg P., Engel K. H.: Safety aspects of the
production of foods and food ingredients from insects. Mol. Nutr. Food Res. 2017, 61, #1600520.



EDIBLE INSECTS AS A POTENTIAL PRODUCT FOR ACHIEVING GLOBAL FOOD SECURITY. PART 2 169

[54] Sun S.S.M.: Application of agricultural biotechnology to improve food nutrition and healthcare
products. Asia Pac. J. Clin. Nutr., 2008, 17, Supplement 1, 87-90.

[55] Sun-Waterhouse D., Waterhouse G. I. N., You L., Zhang J,, Liu Y., Ma L., Ga, J.,, Dong Y.:
Transforming insect biomass into consumer wellness foods: A review. Food Res. Int., 2016, 89, 129-
151.

[56] Takeda J., Sato H.: Multiple subsistence strategies and protein resources of horticulturists in the
Zaire Basin: the Nganda and the Boyela, in: Hladik C.M., Hladik A., Linares O.F., Pagezy H.,
Semple A., Hadley M. (Eds.): Tropical forests, people and food: biocultural interactions and
applications to development. UNESCO, Paris, 1993.

[57] van der Fels-Klerx H.J., Camenzuli L., Belluco S., Meijer N., Ricci A.: Food safety issues related to
uses of insects for feeds and foods. Compr. Rev. Food Sci. Food Saf. , 2018, 17, 1172-1183.

[58] van Harreveld F., Nohlen H. U., Schneider I. K.: The ABC of ambivalence: Affective, behavioral,
and cognitive consequences of attitudinal conflict. Adv Exp Soc Psychol, 2015, 52, 285-324.

[59] Van Huis A, Van lItterbeeck J, Klunder H, Mertens E, Halloran A, Muir G, Vantomme P. Edible
insects: future prospects for food and feed security. Food and agriculture organization of the United
Nations; 2013

[60] Van Huis A. Edible insects contributing to food security? Agric. Food Secur., 2015, 4,1-9.

[61] Van Huis A.: Did early humans consume insects? J. Insects as Food Feed. 2017, 3(3),161-3.

[62] Vane-Wright R.l.: Why not eat insects? Bull. Entomol. Res., 1991, 81, 1-4.

[63] Vantomme P., Gohler D., N’Deckere-Ziangba F.: Contribution of forest insects to food security and
forest  conservation: the example of caterpillars in  Central  Africa. 2004,
https://odi.org/documents/2260/3306.pdf (accessed 25 February 2024).

[64] Verbeke W.: Profiling consumers who are ready to adopt insects as a meat substitute in a Western
society. Food Qual. Prefer., 2015, 39, 147-155.

[65] Ying F., Ming C.X, Yun W.S., De Y.S., Yong C.: Three edible odonata species and their nutritive
value. Forest Res., 2001, 14, 421-424.

[66] Zielinska E., Baraniak B., Kara§ M.: Identification of antioxidant and anti-inflammatory peptides
obtained by simulated gastrointestinal digestion of three edible insects species (Gryllodes Sigillatus,
Tenebrio Molitor, Schistocerca Gragaria). Int. J. Food Sci. Technol., 2018, 53, 2542-2551.

OWADY JADALNE JAKO POTENCJALNY PRODUKT SLUZACY OSIAGNIECIU
BEZPIECZENSTWA ZYWNOSCIOWEGO. CZESC 2

Streszczenie

Woprowadzenie. Konsumpcja owadéw (entomofagia) skupia na sobie uwage ze wzgledow ekono-
micznych, korzysci srodowiskowych ale takze zdrowotnych. Osiggnigcie zrownowazonego srodowiskowo
bezpieczenstwa zywnosciowego obecnie stanowi jedno z najwigkszych globalnych wyzwan. Szeroka
gama gatunkow owadow jadalnych, ktore cechuja si¢ duza zawartoscia biatka, thuszczu, sktadnikoéw mine-
ralnych, witamin i blonnika pokarmowego, moze odegra¢ znaczaca rol¢ w rozwigzaniu problemu braku
bezpieczenstwa zywno$ciowego na §wiecie. Dodatkowo hodowla owadéw moze stanowi¢ zréwnowazony
Sposob produkcji zywnosci. Jednak akceptacja konsumentdow pozostaje gtdéwng przeszkoda w przyjeciu
owadoéw jako zrodla pozywienia w wielu krajach, m.in. Europy. Celem badania byto ustalenie, czy troska
o zdrowie i srodowisko bgdzie powiazana z gotowoscia do spozywania zywnosci zawierajacej w swoim
sktadzie jadalne owady (§wieze, mrozone, suszone, sproszkowane np. maczk¢) zamiarem zapewnienia
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bezpieczenstwa zywnosciowego i zrownowazonego rozwoju srodowiskowego. Badanie empiryczne prze-
prowadzono wsrdd studentdéw pigeiu polskich uczelni wyzszych. W kwestionaruszu ankiety zamieszczono
stwierdzenia odnoszace si¢ do postaw wobec zywno$ci naturalnej oraz troski o zdrowie, $rodowisko,
bezpieczenstwo zywnosciowe i zrbwnowazony rozwoj srodowiskowy.

Wyniki i wnioski. Akceptacja przez respondentéw zywnosci zawierajacej w swoim sktadzie jadalne
owady, jako rozwigzania badz wsparcia problemu zwigzanego z brakiem bezpieczenstwa zywnosciowego
na $wiecie, w najwickszym stopniu skorelowana byla z troska o zdrowie i $rodowisko. Ple¢ takze rozni-
cowala postrzeganie zagadnien zwigzanych z bezpieczenstwem zywnosciowym. Dla kobiet istotnie waz-
niejsze, niz dla mezczyzn, byly kwestie zwigzane z wartoscia odzywcza produktow z udzialem owadow
jadalnych oraz aspekty srodowiskowe. Mtodzi ludzie charakteryzujacy si¢ postawami pozytywnymi wo-
bec naturalnosci zywnosci istotnie czesciej, w porownaniu do pozostatych badanych, zgadzali sie¢, ze
wdrozenie praktyki spozywania zywnosci zawierajacej w swoim sktadzie jadalne owady moze zapewnic
dostep do zywno$¢ o wysokim stezeniu kwasow tluszczowych n-3, zapewni¢ zrownowazony rozwoj
w produkcji zywnosci i zmniejszy¢ emisje gazéw cieplarnianych.

Stowa kluczowe: troska o srodowisko, troska o zdrowie, naturalno§¢ zywnosci, zréwnowazony rozwoj,
entomofagia, owady jadalne, che¢ konsumpcji, mtodzi konsumenci (pokolenie Z), Polska



