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Abstract: In Poland, there has been a significant surge of interest in exploring insects as a novel
food source in recent years. This increased interest is evident in various sectors of society, from
researchers and food manufacturers to consumers and culinary experts. For example, research
institutions have been conducting studies to assess the nutritional value and environmental impact
of insect-based foods, while food companies are actively experimenting on how incorporating insect-
based ingredients into their product lines affects consumer preferences. Although insect-based
food products are highly valued in many parts of the world, their development has only gained
attention in Poland over the last decade. Researchers and startups began conducting studies and
developing insect-based food alternatives at the beginning of 2015. Therefore, the aim of this study
was to examine the market availability of insect-based food products in Poland. Since the success of
insect-based food products in the Polish market depends on the willingness of consumers to buy this
type of food alternative, the results of a narrow recent literature review have been summarized in
this study and point out consumer perceptions and barriers to choosing insect-based food products.
The aim of this narrow literature review was to provide information on consumer perceptions and
barriers to consuming insect-based food products so that producers and manufacturers in Poland can
design marketing strategies. To achieve the aim of this study, the websites of several food stores were
examined that sell insect-based food products in Poland and created a database. Then, to identify the
perceptions and barriers towards insect-based food products, the results of a few studies conducted
in Poland and other countries were summarized. Six online food stores operating in Poland that
sell insect-based food products were found. In total, seventy-three products that were available
on the market were analyzed. The results showed that Polish consumers have access to a large
variety of insect-based food alternatives, such as whole insects, protein bars, and several types of
powdered insect-based food products. However, their purchasing behavior is reluctant due to several
barriers, such as food neophobia and disgust, lack of familiarity with the product, lack of information
about the handling and preparation of insects, and ways to incorporate insects into the daily diets of
consumers. Insect-based food producers and manufacturers in Poland should consider these results
when tailoring their marketing strategies.

Keywords: edible insects; insect-based food; market availability; alternative protein; Poland

1. Introduction

Food consumption, especially meat consumption, accounts for a large part of the
ecological footprint. Livestock and fish are crucial and fundamental sources of protein in
the global human diet, playing a central role in providing the essential amino acids and
nutrients necessary for growth, development, and overall wellbeing [1]. These sources
of protein have been integral to human nutrition and food security for centuries, form-
ing the basis of diets around the world. The increasing costs of animal production, an
increasing number of new diseases among livestock, a growing global population, the
depletion of freshwater resources, climate change, and environmental pollution are the
most common factors contributing to the intensive search for alternative sources of food
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that are safe for human consumption and can be produced at low costs [2—4]. As these
concerns continue to gain prominence and recognition, there is a growing emphasis on
exploring alternative protein sources that have a lower environmental impact, promote
biodiversity conservation, and uphold higher animal welfare standards [5]. A promising
alternative to conventional sources of protein is edible insects, which have immense po-
tential as a component of the human diet due to their high nutritional value [2,6]. Insects
have been recognized globally as a potential source of nutritional components, including
proteins [7-11], carbohydrates [12-14], and lipids [2,15,16], coupled with an abundance of
various vitamins and minerals [12,13]. Edible insects have a good nutritional profile and
offer individual benefits when incorporated into the diet. For example, oils extracted from
insects may contain higher levels of unsaturated fatty acids, including omega-3, compared
to meat sources [17,18]. Furthermore, insects contain bioactive peptides [19,20], including
antioxidant [21,22], antihypertensive [11], immunomodulatory, anti-inflammatory [23],
and antimicrobial [24] properties, among others. The nutritional composition and profile
of insects are influenced by several factors, such as species, diet, stage of development,
gender, and habitat [20,25]. Processing and preparation methods also play an important
role [13,26]. Numerous insect species can convert low-value organic by-products into
high-value protein products [18]. Insect protein concentrates and isolates, after processing,
exhibit desirable functional properties [27]. Insect proteins also exhibit high emulsifying
activity and moderate foam-forming abilities. Therefore, they can be used in food produc-
tion, such as improving the nutritional value, while also improving the texture, consistency,
and appearance of the food product [22]. For example, cricket flour was introduced into
the recipe for several cereal products, such as muffins [28] and pasta [29]. The use of
insects increased the protein contents and mineral compounds in the obtained products.
Consumers have well accepted these cricket products. Their colors resembled that of whole
grain products and are generally considered healthier. Sensory evaluation showed that
pasta produced with cricket flour gained a level of consumer acceptance comparable to
that of conventional products.

One of the key environmental advantages of edible insects is their resource efficiency.
Insects, such as crickets and mealworms, require significantly less water, feed, and land
compared to traditional livestock, such as cattle and poultry [30]. In addition, insects have
a higher feed conversion efficiency, and their greenhouse gas and ammonia emissions are
significantly lower [31,32]. Crickets have feed-to-meat conversion rates that are twice as
high as chickens, and 4-12 times higher than pigs and cattle. Compared to cattle, crickets
need 12 times less feed than cattle to produce the same amount of protein [33]. Insects
produce 10 to 100 fewer greenhouse gas emissions per kg of weight than cattle and beef [3].
This efficiency reduces the demand for agricultural land and water resources, making
insect farming a more sustainable option in a world facing increasing population growth
and limited resources. Insect farming, if carried out sustainably, can support biodiversity
conservation. Insects require less space for farming, thus preserving natural habitats and
ecosystems [4]. One kg of edible protein from mealworms requires 50% less water and
2-3 times less land than chicken. Compared to mealworms, beef requires ten times more
land and approximately five times more water to produce 1 kg of edible protein [4,34,35].
Furthermore, by converting waste into nutritious insect biomass, we can close the nutrient
cycle and minimize waste generation, contributing towards a more sustainable food system.
Water scarcity is an urgent environmental issue, especially in regions affected by prolonged
droughts and water stress [36].

The consumption of insects as a sustainable and nutritious food source has gained
international attention. However, despite their potential benefits, the availability of insect-
based food products on the Polish market is limited by many factors. Currently, the main
factor that limits the use of edible insects in Poland, as well as throughout Europe, is
the lack of consumer acceptance [11]. Insects as a food source are relatively new and
unfamiliar to many consumers. There may be psychological barriers, such as disgust or
neophobia (resistance to trying new foods), that can affect consumer acceptance. This
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hesitancy can slow down the demand for insect-based food products, which, in turn,
affects market availability. Overcoming cultural prejudices and fostering acceptance can
take time. Furthermore, a lack of awareness and accurate information about the health
and environmental benefits of insect consumption can hinder consumer interest. An
increased awareness of entomophagy is required to accept insects as food, in addition to
the willingness to try them [37]. However, a study conducted in 14 countries, including
Poland, investigated Polish participants who had high scores of knowledge about the
sustainability of edible insects [38]. Afterward, insect-based food products are now more
expensive to produce compared to their traditional alternatives. This limits the affordability
of these products. In addition, the regulation of new food products, including edible insects,
can be complex and vary between countries. Insect breeding, as well as the maintenance
of other Polish livestock, are controlled in Poland by the Veterinary Inspection and the
Sanitary Inspection in the case of animals intended for human consumption. However, in
Poland, there are still no national regulations in this regard. Therefore, the relevant EU
regulations apply for this country. This process can be time-consuming and can influence
the speed with which new insect-based food enters the market. Furthermore, edible insect
consumption is gradually appearing in European countries and is likely to become more
widely accepted in the coming months [6]. However, acceptance of the insect-based food
alternative first depends on the availability of the product on the market and, second, the
willingness of consumers to accept and purchase these products. From the producer’s point
of view, although the presence of insect-based food products in Poland is recent (2015),
compared to other EU member states, there are several producers that supply insect-based
food products in the local market. However, there are no studies available that examine
the availability of insect-based food alternatives on the local market. Therefore, the aim of
this study was to examine the market availability of insect-based food products in Poland.
From a consumer point of view, several studies have been conducted to understand the
purchasing behavior and preferences of consumers on the food market [30,39-41]. These
studies have highlighted the importance of several factors, such as quality, health, and
convenience, in consumer decision making. In addition, cultural and social differences
have been identified as key determinants of consumer behavior. Since the success of insect-
based food products on the Polish market depends on the willingness of consumers to
buy this type of food alternative, the results of a narrow recent literature review have been
summarized and point out consumer perceptions and barriers to choosing insect-based
food products. The aim of this narrow literature review was to provide information on
consumers’ perceptions and barriers to insect-based food producers and manufacturers in
Poland and help them design marketing strategies.

Perceptions and Barriers to Consuming Insect-Based Food Products

There is a long history of human consumption of insects in many parts of the world,
especially in Asia, Africa, and South America, where insects have been a primary source
of protein for centuries [42,43]. In tropical regions, insects are traditionally prepared by
either roasting or frying with onions, pepper, salt, and other spices. They are also used
as insect-based ingredients in dishes, such as larvae (Cirina forda and Bunaea alcinoe) in
vegetable stews [44].

The acceptability of edible insects in Europe, Australia, and North America is still
low [45,46]. Taste, appearance, safety, and quality were considered to be the most likely fac-
tors influencing the willingness of consumers to try eating insects, but consumer attitudes
towards entomophagy were influenced by both food neophobia and disgust [47-50]. More-
over, past research has indicated that while the awareness of insects as food is increasing,
certain factors, such as lack of familiarity and disgust, remain as barriers [48,51].

Poland, like many other countries, has cultural factors that influence the perception
of consuming insects. Historically, insects have not been part of traditional Polish cuisine,
and there may be a certain level of resistance or hesitation towards incorporating them into
the diet. Orkusz et al. (2020) [40] conducted research to uncover the knowledge, behaviors,
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and attitudes of the Polish community about edible insects and understand the key factors
influencing edible insect consumption. It was found that among Polish students, there
is a low inclination to accept insects as a meat substitute due to psychological barriers,
such as neophobia and disgust. However, the willingness to consume processed food
containing insects (e.g., bread) is significantly higher than that for whole, unprocessed
insects. Environmental benefits were found to be the least influential factors affecting
students” willingness to try insects. Additionally, a significant majority of participants
participated in a bread tasting with powdered edible insects, indicating that positive
sensory experiences can improve the acceptance of insects as food. The idea of consuming
insects as food is a relatively new and controversial concept for Polish consumers [52].
In Poland, insects are eaten sporadically and are considered an exotic curiosity, as there
is no tradition of eating insects as food. This absence of cultural familiarity contributes
to the initial skepticism associated with the incorporation of edible insects into the diet.
The media (including news articles, TV, and the internet) discussing insect consumption
contributes to public awareness but can also fuel debates around the appropriateness of
incorporating insects into the diet. In addition, it is necessary to develop a strategy to raise
awareness that edible insects are healthy and safe for human and animal nutrition.

The emergence of startups focusing on insect-based products, while innovative, also
highlights the challenges of breaking into a market that is unfamiliar with this type of food.
According to Zieliriska et al. (2021) [53], the food industry should focus on processed foods
with insect-based ingredients to make them known to consumers. Introducing insect-based
food products may face an initial resistance due to the unfamiliarity and the perception
of insects as unconventional food sources [54]. However, as with any new food trend,
acceptance and openness may increase over time as people become more exposed to the
concept and its potential benefits. Lectures and workshops for children may be of particular
importance, as learning entomophagy from an early age may allow for greater acceptance
of this phenomenon in the future [52].

Disgust is one of the most common reactions, and is also the biggest barrier [55].
Another reason to reject edible insects is food neophobia. Insects are considered dirty,
primitive foods, and their sensory qualities are generally viewed negatively [56]. Food
neophobia refers to the fear or reluctance to try new foods, particularly those that are
unfamiliar or outside of one’s cultural norms [46,47]. In modern societies with abundant
food choices and diverse culinary practices, food neophobia can influence dietary behaviors
and limit the adoption of new and potentially nutritious foods, including insects [49]. This
can have implications for overall nutrition and health, as different foods offer unique sets of
nutrients. Neophobia can be influenced by cultural norms and social pressures. In societies
where insects are not traditionally consumed, the fear of trying insect-based foods might
be heightened due to cultural aversion [57,58]. In addition, food neophobia might prevent
consumers from considering insects as a viable alternative to resource-intensive animal
products [49,59]. Even if consumers show a high tendency to care for the environment and
a balanced diet, this does not change into a higher level of acceptance and willingness to try
insect-based food products [60]. Surveys of Taiwanese and Korean consumers have shown
that food neophobia and disgust for some forms of insects have also been identified as the
main factors in not buying or eating insects [61,62]. Mancini et al. (2019) [63] and Grasso
et al. (2019) [64] also showed a low propensity to eat insects as a meat substitute, among
Italian consumers, mainly based on feelings of disgust and neophobia. Lammers et al.
(2019) [59] obtained similar results when studying the propensity of German consumers
to eat insect burgers. Orsi et al. (2019) [65] also identified disgust as the most common
psychological barrier.

When consumers are confronted with new or unfamiliar foods, common reactions
include both rejection and curiosity. An interest in trying new things has been defined as
an important motivational aspect of food selection [42]. Not all consumers find insects
disgusting [66]. In the US, 72.5% of the study participants were willing to consume at least
one insect-based food product, and in Canada, it was shown that 67% of the participants
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had already tried foods with insects [56]. Danish consumers see insects as a sustainable
food source and a viable alternative to meat. Aspects such as more sustainable production,
protein, and other nutrients were mentioned and were also considered tasty [66].

Belgian consumers over the age of 45 years were more willing to accept insect-based
foods compared to other age groups [67]. In other studies, younger consumers were more
willing to accept new foods, such as insects [68], while, for example, young Australians
were found to be less willing to accept them [69], and food neophobia had a negative
impact on the desire to eat insect burgers among children and adolescents in Germany [70].
Opinions vary in terms of the influence of gender on neophobic behavior, finding either a
greater tendency for men to consume insect-based foods compared to women or no effect
of gender [67,71]. In a Danish study, it was examined how in-person classroom exposure to
educational and tasting interventions affected children’s perceptions of edible insects and
insect-based cuisine. Children who attended the live classroom session said that there was
a good association between their willingness to eat insects and their agreement that society
needs sustainable meals [72].

Stone et al. (2021) [43] found that perceptions of both unprocessed (whole and cooked)
and processed insects (such as cricket flour) were more favorable after tasting compared
to previous expectations. Therefore, the first step to reducing neophobia is to integrate
insects into familiar foods frequently eaten by consumers [56]. Furthermore, an interesting
new food experience and a sense of excitement related to adventure, frenzy, and sensation
seeking have also been identified as important in food acceptance [73]. The predominant
Danish media has shown great interest in entomophagy. There are regular reports on insect
production or on the use of insects as food [66].

Several studies have been conducted to explore customer attitudes towards insect-
based food products. The results showed that although most people had never eaten an
insect-based food product before, there was some willingness to try these foods [54,56,59].
The environmental and health benefits of eating insects increase acceptance. Moreover,
familiarity plays an important role in reducing food disgust [55]. When insects are added
as an ingredient in the elaboration of familiar products (e.g., bread and snacks), food
neophobia is reduced, and consumers attach positive ratings to the taste and appearance of
insect-based foods [40,48,74]. According to Wilkinson et al. (2018) [48], taste, appearance,
safety, and quality were identified as the factors most likely to influence the willingness of
Australian consumers to try eating insects, but consumer attitudes towards entomophagy
were supported by both food neophobia (i.e., reluctance to eat new or novel foods) and
past insect consumption. Neophobic consumers were much less accepting of entomophagy
than neophilic consumers, while consumers who had previously eaten insects were more
accepting of insects as food. The inclusion of insects in familiar products (e.g., biscuits)
or cooked meals also made them more attractive. For example, creating insect-based
bread can provide a sense of familiarity and make it easier for people to incorporate
insects into their diet. This familiarity helps reduce the psychological aversion associated
with trying something entirely new and unknown. Additionally, sharing recipes with
insect-based ingredients can help people view insects as a varied dietary option. In the
literature, several applications of insect powders have been successfully used by consumers
to produce bread, cakes, cookies, muffins, or meat analogues [17]. In addition, insect-
based ingredients increase protein levels while reducing carbohydrate levels [53,75,76].
Kowalski et al. (2022) [77] assessed the quality of bread enriched with flour from three insect
species (mealworm, lesser mealworm, and house cricket). A 10% inclusion of insect flour
significantly increased protein content compared to wheat bread. For consumer acceptance,
a limited amount of insect flour is allowed to substitute cereal flour; for example, bakery
products allow up to 10% insect-based flour in their formulations [77,78]. An additional
percentage of insect-based flour (e.g., bread) would give the product a darker color and a
distinct smell, which often negatively affects the acceptability of the product.

Furthermore, insect-based products seem to be more widely accepted than whole
insects [73,79]. Certain products, such as insect powders (flours), bakery products, and
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protein bars, have improved their acceptance [77]. Introducing insect-based ingredients
into familiar products helps consumers become accustomed to the idea of eating insects
without significantly changing their dietary habits. These findings suggest that barriers to
the acceptance of insects as food can be overcome through product design, education, and
effective marketing strategies. Allowing consumers to try insects or insect-based products
will likely be the most effective marketing strategy to promote acceptance of this type
of food [48]. The availability of insect-based food products within the local market is
of significant importance, as it directly influences consumer perceptions, attitudes, and
consumption behaviors. The accessibility of these products determines the feasibility of
incorporating insects into daily diets. Limited research on insect-based food availability on
the Polish market can provide valuable information to producers, retailers, policy makers,
and researchers to promote more accessible insect-based food products in Poland.

2. Materials and Methods
2.1. Availability of Insect Food in Poland

In recent years, there has been an increase in the assortment of insect food due to
the increasing awareness of the importance of edible insects among consumers, farmers,
manufacturers, and policy makers [80]. The market for edible insects is expected to reach
USD 1.2 billion by 2023 [57].

Recently, an increase in the availability of insect food has been observed in Poland.
While still considered a niche market, the demand for edible insects is growing, driven by
several factors, such as sustainability, nutritional benefits, and culinary curiosity. Addition-
ally, it explores the origin of these products and the limited variety of insect-based food
items found on the Polish market compared to other European countries.

2.2. Data Collection

Data were collected (from November 2022 to January 2023) through conducting a
market analysis in several online stores that offer insect-based food alternatives in Poland.
This study did not include stationary stores (e.g., supermarkets, hypermarkets, and discount
stores) due to the lack of availability of these products. In this study, website analysis
was performed to analyze content using the following specific keywords: ‘insects’, ‘insect
products’, “insect food’, ‘insect-based food’, ‘insect producer’, ‘insect farm’, and ‘novel
food’. In this way, six online stores operating in Poland that sell insect-based food products
were found. These were food stores that only sold their products online. The store’s offer
was exclusively addressed to retail customers. According to several studies [80,81], analysis
using a systematic approach to the food store website allows for the collection of data on the
product from the edible insect industry. To create a dataset, information was collected on
the origin of products, insect species, form (whole or powdered), category of the product,
and price. The retail prices of all products were collected in Polish currency. To compare
these data with other results, the data were converted into EUR and all referred to the
format of 100 g of an insect-based product. This analysis covered a total of seventy-three
products. A classification of insect food products currently available in Polish markets was
carried out by classifying them into the seven following categories: sweets (i.e., chocolates
and lollypops), powders (i.e., flours and mixes), pasta, granola, chips and crackers, whole
insects, and protein bars.

3. Results and Discussion

Poland, like many European countries, has increasingly focused on environmental
sustainability. Highlighting the environmental benefits of insect-based foods, such as
their lower carbon footprint and reduced resource use, can resonate with environmentally
conscious consumers and contribute to a more positive perception. Changing perceptions
and encouraging consumer acceptance can be facilitated through ensuring the food safety
of edible insects. In order to promote edible insects more effectively and persuasively
as future food, more knowledge is needed about the nutritional value of insects and the
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environmental advantages of entomophagy [33]. It is crucial to educate people about the
health, environmental, and economic benefits of edible insects to introduce them as food in
the future, as this can increase their willingness to do so [51,79,82,83]. The availability and
variety of insect-based food products on the Polish market can also influence perceptions.
Offering a diverse range of well-crafted, tasty, and convenient options can attract curious
consumers and encourage them to try insect-based foods. Orkusz et al. (2020) [40] indicated
that it may be easier for Polish consumers to accept a new taste (product) if it is served as a
product already known and liked. In addition, insect-based food was found to be more
acceptable when prepared by someone else, such as in a restaurant [84]. Offering consumers
the opportunity to sample insect-based foods through tasting events or collaborations with
restaurants and food festivals can provide first-hand experiences, help overcome initial
hesitations, and ultimately contribute to its acceptability by consumers. Positive taste
experiences can lead to a greater acceptance and word of mouth recommendations [85].
Padulo et al. (2022) [85] found that even a single tasting experience can decrease aversion
and consequently diminish disgust and the idea that insects are non-edible in Italian culture.

The Polish market predominantly offers food products containing whole insects,
accounting for 33% of the available products (Figure 1). These whole insects come in dried
form and various flavors, such as lime and chili-flavored dried crickets. The next significant
categories include protein bars (23%) and powdered forms (mainly flour; 19%). Powdered
insects are available in the form of flours, mixes (e.g., brownie or pancake mixes), and
multi-flavored protein shakes. Various flavors and spices, such as curry powder, garlic,
paprika, or fried onion flavor, can be added to dried insects to increase their acceptance on
the European market. Producers also provide insects with chocolate or salted caramel, so
that their selection is not just limited to savory tastes [86].

M Protein bars
B Whole insects

Chips and crackers

B Granola
1% M Pasta
3% H Powders
I Sweets

Figure 1. Availability of insect-based food products by category on the Polish market.

The Polish market is mainly divided between products containing whole insects
and those in powdered form (Figure 2). Products containing ground insects with visible
fragments are scarce, while powdered insect products dominate the market, representing
56% of the Polish market. Meanwhile, products with whole insects constitute 43% of
the market.
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® whole

H ground with visable
fragments

56%

\ powder

1%

Figure 2. Availability of insect forms in food products on the Polish market.

This supply indicates that insect-based food companies are mainly trying to push
insect-based powders, even though there are a large number of food products containing
whole insects. On the other hand, the literature on consumer studies states that texture,
appearance, and sensory attributes (taste, aroma) of the insect-based products play a vital
role in shaping consumers’ perceptions and willingness to consume such food. However,
when it comes to edible insects as a new food source, these criteria are not necessarily
decisive. The main aspect is the acceptability of the food. To assess the sensory evaluation
and acceptability of protein and energy bars enriched with cricket flour, Adamek et al.
(2018) [87] revealed that insect bars were accepted as a new type of food by consumers. On
the other hand, Bartkowicz and Babicz-Zieliriska (2020) [37] evaluated the acceptability
of bars containing insects, mealworm larvae, and house crickets. These products were
prepared in four different variations: without insects, with whole mealworms, with ground
mealworms, and with house crickets. According to consumers, bars containing whole
mealworms were the least preferred. In addition, the color and the visible parts of the
insects in the bars caused crucial issues with accepting the product. Past research has
shown that the acceptability of bars containing insects depended on the taste, aroma, and
specific variation. The variation without insects received the highest level of acceptance.
Furthermore, bars containing ground mealworms and ground crickets exhibited better
acceptance rates compared to bars with whole insects, highlighting the importance of
processing techniques in improving consumer acceptability [37].

A common trend is that people are less likely to eat whole edible insects than other
foods that come from animals [65]. For these reasons, Florenga et al. (2021) [88] suggested
that if edible insects are to be introduced to the food market, food products that already
contain edible insects should be used as a starting point, rather than moving straight to the
possibility of eating the whole counterparts.

The following insect species are available in insect-based food products available on the
Polish market: the house cricket (Acheta domesticus), the migratory locust (Locusta migratoria),
the mealworm (Tenebrio molitor), and the lesser mealworm (Alphitobius diaperinus) (Figure 3).
The products available on the market may vary in terms of their composition, flavorings,
and processing methods. The majority of food products (42.5%) feature house crickets as a
key insect-based ingredient, particularly in pasta, chips, and crackers. Lesser mealworms
were predominantly found in protein bars and insect powders. In sweet products, the
primary insect-based ingredient was mealworm.
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Sweets
Powders
Pasta
Granola

Chips and crackers

Insect products

Whole insects

Protein bars

0% 20% 40% 60% 80% 100%
Insect species (%)

W Acheta domesticus W Alphitobius diaperinus W Locusta migratoria M Tenebrio molitor

Figure 3. Availability of insect species in given food product categories on the Polish market.

In terms of origin, insect-based food products in Poland mainly come from Germany
(24 products) and domestic producers (22 products), as well as France, and the United
Kingdom (Figure 4).

30
2 25
5 20
o
g 15
=%
s 10
g s
E
5 0 — R— —
z Germany France Poland The United
Kingdom
Origin of products

Figure 4. Origin of insect-based food products available on the Polish market.

To support the development of the industry, European legislation has been improved
to guarantee the safety of novel foods to protect consumers [89]. The commercialization
of edible insects in the European Union is regulated by Regulation (EU) No. 2015/2283,
which has since been updated with new regulations. Under this legal framework, a fourth
insect has been approved as food [39,90-92]. The authorization of novel foods will allow
for the applicants to place this insect species on the EU market under certain conditions
of use.

Considering the rapid development of the industry and the exponentially increasing
number of companies engaged in the edible insect farming, processing, and distribution
chain, it can be expected that the supply of edible insect products and ingredients based on
insect protein and fat will significantly increase in the coming decade.

In Poland, the most expensive insect food products are whole insects and sweets
(Figure 5), which confirms previous research [81]. The average price of whole insects and
sweets was EUR 26.26 and EUR 18.70 per 100 g, respectively. Next, popular categories



Sustainability 2023, 15, 14964

10 of 15

of products in Poland, such as protein bars and insect powders, had a lower cost—EUR
5.40 EUR and EUR 5.23 per 100 g, respectively. According to Pippinato et al. (2020) [81],
the lower prices (more attractive to the consumer) for certain products, such as protein bars
or snacks, with a lower content of insect meal, also suggest that these types of products,
where the insect component is not visible, are currently more acceptable to the consumer.
In addition, significant price fluctuations have been observed within each category, which
might be due to several factors, including the specific product, brand, production method,
packaging, and distribution channels. Insect products within each category were differ-
entiated in terms of the weight contained on the packaging, and thus also in terms of
their price.

40

N W W
a o O

—_
Q1

Price (EUR per 100 g)
S 8

Q1

I - . & B

Sweets Powders Pasta Granola Chipsand Whole Protein
crakers  insects bars

o)

Product categories

Figure 5. Price of insect-based food products available on the Polish market.

The results of studies by Lensvelt and Steenbekkers (2014) [93] showed that both the
price and the quality of insect-based food were important to the Dutch and Australian
survey participants. In general, the high prices of insect-based food products were as-
sociated with increases in their expected quality. The Irish survey participants thought
that their prices should aim to match the corresponding bestseller in the chosen category
(i.e., an insect snack should cost the same as its traditional counterpart). They agreed that
lower prices would create a perception of poor quality [94]. In turn, to increase acceptance,
insect-based foods should be affordable and easy to prepare. An affordable price ensures
availability, and an ease of preparation increases convenience and encourages wider use.
These factors play a crucial role in shaping consumer perceptions, choices, and behaviors
when it comes to adopting new food sources, like edible insects. Affordable insect-based
options expand accessibility, making them viable for a larger demographic. This is particu-
larly crucial in ensuring that sustainable protein sources are available to a wider range of
consumers. Additionally, they should be able to replace other sources of animal protein,
and taste as good as the foods they replace [84]. Research conducted by Giotis and Dri-
choutis (2020) [95] showed that most Greek consumers are not willing to pay more for an
energy bar and an insect-based cookie; in contrast, they would need a discount to purchase
such products. This confirms previous research [82]. However, in an experiment conducted
by Berger et al. (2018) [96], German participants were exposed to insect-based burgers
at two different prices: EUR 2.99 and EUR 14.99. The higher price had a positive impact
on participants” expectations and willingness to pay for the insect-based burger, as it was
related to the quality of the product [97]. Also, the majority of the respondents attached
more importance to the environmental impact of food than to the price. This concern about
emissions from food production suggests that a food product made from insects could be
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marketed as a replacement for high-emission foods, such as beef [84]. Consumers who
recognize the environmental benefits of such products may be willing to pay a higher price
for insect-based food products that are produced using sustainable farming practices and
have a lower environmental impact.

Generally, insect-based food products tend to be priced higher than their traditional
counterparts due to several factors, such as novelty, production costs, and limited-scale
production. However, as the market for insect-based food products grows and production
scales up, prices may become more competitive and potentially decrease over time. The
automation of production processes and the quest for inexpensive substrates to feed the
insects are two areas of research being conducted to reduce their costs [84,98]. Due to the
specific nature of insect production, it is anticipated that the prices of these ingredients will
be competitive compared to conventional sources of protein and fat. This could become a
key argument for introducing insect raw materials into mass food production, especially
with the sharply rising costs of food production.

The growing interest in eating edible insects in Poland can be attributed to sev-
eral factors, including their nutritional potential, environmental awareness, cultural ac-
ceptance, education and awareness, availability and accessibility of products, and food
neophobia [38,40,49,64]. Nevertheless, the acceptance and consumption of insect-based
foods in Poland are still relatively low compared to other countries. The lack of familiarity
with insect-based foods limits their consumption and market growth [99]. Conventional eat-
ing habits and food products, such as price, taste, availability, and suitability for a person’s
diet, are what primarily affect the repeated use of insects in day-to-day food consumption.
However, gaining taste experience, trying appropriate insect foods or preparing them at
home, and adapting them to your daily eating habits will facilitate the acceptance and
adoption of insects as food [31].

4. Conclusions

The growing world population, year by year, decreasing natural resources, and the
search for more ecological food alternatives will contribute to the spread of food with
insects in Poland. Insects, as a food alternative, have some ecological benefits, including
reduced resource consumption and greenhouse gas emissions. These benefits can help
to address some of the environmental challenges associated with traditional livestock
production, making insects a more sustainable and environmentally friendly food source.
However, there is still a need to conduct many studies on the properties of insects, as well
as the threats that specific species may pose.

The market availability of insect-based food products in Poland is gradually expanding,
with whole insects, protein bars, and powdered forms dominating the offerings. However,
the variety of products is currently limited compared to other European markets. This
study underscores the potential for further market development and the need to address
regulatory challenges to foster the growth of the insect-based food industry in Poland.
Educating consumers requires a multipronged approach that combines informative content,
engaging experiences, partnerships, and innovative technologies. By addressing nutritional,
sustainability, and cultural aspects through various strategies, the insect-based food indus-
try can effectively break down barriers and create a more informed and accepting consumer
base. Current strategies should focus on using a variety of insect species to create different
flavors and textures for innovative products, such as insect-based sauces, that can be used
to enhance the flavor of existing meals, making the transition to insect consumption more
gradual, organizing educational/cooking workshops and activities to educate consumers
about the nutritional value, culinary potential, and environmental benefits of insect-based
foods, by collaborating with researchers, chefs, entrepreneurs, culinary bloggers, and in-
fluencers to explore the innovative uses of insects in food products, and by collaborating
with food bloggers and influencers who have a strong online presence to create content
that demystifies insects and encourages experimentation. These strategies are important in
expanding the product range, encouraging consumer engagement, and fostering a cultural
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shift towards accepting a wider variety of insect-based food products on the Polish market,
aligning it more closely with the offerings seen in other European markets.

Studying the market dynamics and competitiveness of the insect-based food industry
in Poland would provide insight into the growth potential of this industry. This could
involve analyzing market trends, competition, pricing strategies, and distribution channels.
Understanding the market landscape would help identify opportunities and challenges for
the growth of this industry.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data will be available upon reasonable request.

Acknowledgments: The author would like to thank Zuzanna Klimek for her help in conducting
the research.

Conflicts of Interest: The author declares no conflict of interest.

References

1. Verneau, F; La Barbera, F,; Kolle, S.; Amato, M.; Del Giudice, T.; Grunert, K. The effect of communication and implicit associations
on consuming insects: An experiment in Denmark and Italy. Appetite 2016, 106, 30-36. [CrossRef]

2. Rumpold, B.A,; Schliiter, O.K. Nutritional composition and safety aspects of edible insects. Mol. Nutr. Food Res. 2013, 57, 802-823.
[CrossRef]

3.  van Huis, A.; Van Itterbeeck, 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: Rome, Italy, 2013; Volume 171,
ISBN 9789251075951.

4. van Huis, A.; Oonincx, D.G.A.B. The environmental sustainability of insects as food and feed. A review. Agron. Sustain. Dev.
2017, 37, 43. [CrossRef]

5. Vauterin, A.; Steiner, B.; Sillman, J.; Kahiluoto, H. The potential of insect protein to reduce food-based carbon footprints in Europe:
The case of broiler meat production. J. Clean. Prod. 2021, 320, 128799. [CrossRef]

6.  Ordonez-Araque, R.; Egas-Montenegro, E. Edible insects: A food alternative for the sustainable development of the planet. Int. J.
Gastron. Food Sci. 2021, 23, 100304. [CrossRef]

7. Liceaga, A.M. Edible Insects, a Valuable Protein Source from Ancient to Modern Times. In Advances in Food and Nutrition Research,
1sted.; Wu, J., Ed.; Elsevier Inc.: Amsterdam, The Netherlands, 2022; Volume 101, pp. 129-152. ISBN 9780323983808. [CrossRef]

8. Koufimskd, L.; Adamkova, A. Nutritional and sensory quality of edible insects. NFS J. 2016, 4, 22-26. [CrossRef]

9.  Wiza, P.L. Charakterystyka owaddéw jadalnych jako alternatywnego Zrédta biatka w ujeciu zywieniowym, srodowiskowym oraz
gospodarczym. Postepy Tech. Przetwdrsta Spoz. 2019, 1, 98-102.

10.  Mroczek, K. Alternatywne i egzotyczne Zrédla bialka zwierzecego w zywieniu czlowieka w kontekscie racjonalnego wykorzysta-
nia zasobow $rodowiska. Pol. J. Sustain. Dev. 2020, 24, 95-102. [CrossRef]

11.  Shockley, M.; Dossey, A.T. Insects for Human Consumption. In Mass Production of Beneficial Organisms; Morales-Ramos, J.A., Rojas,
M.G,, Shapiro-Ilan, D.I,, Eds.; Elsevier Inc.: Amsterdam, The Netherlands, 2014; pp. 617-652. ISBN 9780123914538. [CrossRef]

12.  Bueschke, M.; Gramza-Michatowska, A.; Kubiak, T.; Kulczyniski, B. Alternatywne Zrédia biatka w zywieniu cztowieka. Zesz.
Nauk. SGGW Warszawie—Probl. Rol. Swiat. 2017, 17, 49-59. [CrossRef]

13.  Ojha, S.; Bekhit, A.E.D.; Grune, T.; Schliiter, O.K. Bioavailability of nutrients from edible insects. Curr. Opin. Food Sci. 2021, 41,
240-248. [CrossRef]

14. Bartkowicz, ]. Owady jadalne w aspekcie zywieniowym, ekonomicznym i srodowiskowym. Handel Wewn. 2018, 2, 77-89.

15. Ramos-Bueno, R.P.; Gonzalez-Fernandez, M.].; Sanchez-Muros-Lozano, M.].; Garcia-Barroso, F.; Guil-Guerrero, J.L. Fatty acid
profiles and cholesterol content of seven insect species assessed by several extraction systems. Eur. Food Res. Technol. 2016, 242,
1471-1477. [CrossRef]

16. Dossey, A.T.; Tatum, J.T.; McGill, W.L. Modern Insect-Based Food Industry: Current Status, Insect Processing Technology, and
Recommendations Moving Forward. In Insects as Sustainable Food Ingredients; Dossey, A.T., Morales-Ramos, J.A., Rojas, M.G., Eds;
Elsevier Inc.: Amsterdam, The Netherlands, 2016; pp. 113-152. ISBN 9780128028568. [CrossRef]

17.  Borges, M.M.; da Costa, D.V.; Trombete, FM.; Camara, A.K.EI Edible insects as a sustainable alternative to food products: An
insight into quality aspects of reformulated bakery and meat products. Curr. Opin. Food Sci. 2022, 46, 100864. [CrossRef]

18. Zielinska, E.; Baraniak, B.; Karas, M.; Rybczyniska, K.; Jakubczyk, A. Selected species of edible insects as a source of nutrient
composition. Food Res. Int. 2015, 77, 460—466. [CrossRef]

19. Qian, L.; Deng, P; Chen, F; Cao, Y.; Sun, H.; Liao, H. The exploration and utilization of functional substances in edible insects: A

review. Food Prod. Process. Nutr. 2022, 4, 11. [CrossRef]


https://doi.org/10.1016/j.appet.2016.02.006
https://doi.org/10.1002/mnfr.201200735
https://doi.org/10.1007/s13593-017-0452-8
https://doi.org/10.1016/j.jclepro.2021.128799
https://doi.org/10.1016/j.ijgfs.2021.100304
https://doi.org/10.1016/bs.afnr.2022.04.002
https://doi.org/10.1016/j.nfs.2016.07.001
https://doi.org/10.15584/pjsd.2020.24.1.10
https://doi.org/10.1016/B978-0-12-391453-8.00018-2
https://doi.org/10.22630/prs.2017.17.3.52
https://doi.org/10.1016/j.cofs.2021.08.003
https://doi.org/10.1007/s00217-016-2647-7
https://doi.org/10.1016/B978-0-12-802856-8.00005-3
https://doi.org/10.1016/j.cofs.2022.100864
https://doi.org/10.1016/j.foodres.2015.09.008
https://doi.org/10.1186/s43014-022-00090-4

Sustainability 2023, 15, 14964 13 of 15

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Teixeira, C.S.S,; Villa, C.; Costa, J.; Ferreira, LM.P.L.V.O.; Mafra, I. Edible Insects as a Novel Source of Bioactive Peptides: A
Systematic Review. Foods 2023, 12, 2026. [CrossRef]

Zhu, D.; Huang, X.; Tu, F; Wang, C.; Yang, F. Preparation, antioxidant activity evaluation, and identification of antioxidant
peptide from black soldier fly (Hermetia illucens L.) larvae. J. Food Biochem. 2020, 44, €13186. [CrossRef] [PubMed]

Zielifiska, E.; Karas, M.; Baraniak, B. Comparison of functional properties of edible insects and protein preparations thereof. LWT
2018, 91, 168-174. [CrossRef]

Zielinska, E.; Baraniak, B.; Karas, 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. [CrossRef]

Buonocore, F.; Fausto, A.M.; Della Pelle, G.; Roncevic, T.; Gerdol, M.; Picchietti, S. Attacins: A promising class of insect
antimicrobial peptides. Antibiotics 2021, 10, 212. [CrossRef]

Jonas-Levi, A.; Martinez, ].J.I. The high level of protein content reported in insects for food and feed is overestimated. J. Food
Compos. Anal. 2017, 62, 184-188. [CrossRef]

Queiroz, L.S,; Silva, N.F; de Carvalho, A.F.,; Casanova, F. Impact of emerging technologies on colloidal properties of insect
proteins. Curr. Opin. Food Sci. 2023, 49, 100958. [CrossRef]

Gravel, A.; Doyen, A. The use of edible insect proteins in food: Challenges and issues related to their functional properties. Innov.
Food Sci. Emerg. Technol. 2020, 59, 102272. [CrossRef]

Pauter, P; Rézanska, M.; Wiza, P.; Dworczak, S.; Grobelna, N.; Sarbak, P.; Kowalczewski, P. Effects of the replacement of wheat
flour with cricket powder on the characteristics of muffins. Acta Sci. Pol. Technol. Aliment. 2018, 17, 227-233. [CrossRef]

Duda, A.; Adamczak, J.; Chelminska, P.; Juszkiewicz, J.; Kowalczewski, P. Quality and nutritional/ textural properties of durum
wheat pasta enriched with cricket powder. Foods 2019, 8, 46. [CrossRef]

van Huis, A.; Rumpold, B. Strategies to convince consumers to eat insects? A review. Food Qual. Prefer. 2023, 110, 104927.
[CrossRef]

Dagevos, H.; Taufik, D. Eating full circle: Exploring consumers’ sympathy for circularity in entomophagy acceptance. Food Qual.
Prefer. 2023, 105, 104760. [CrossRef]

Halloran, A.; Hanboonsong, Y.; Roos, N.; Bruun, S. Life cycle assessment of cricket farming in north-eastern Thailand. J. Clean.
Prod. 2017, 156, 83-94. [CrossRef]

Lange, K.W.; Nakamura, Y. Edible insects as future food: Chances and challenges. J. Future Foods 2021, 1, 38—46. [CrossRef]
Oonincx, D.G.A.B.; de Boer, I.].M. Environmental Impact of the Production of Mealworms as a Protein Source for Humans—A
Life Cycle Assessment. PLoS ONE 2012, 7, e51145. [CrossRef]

Guiné, R.P.F; Correia, P.; Coelho, C.; Costa, C.A. The role of edible insects to mitigate challenges for sustainability. Open Agric.
2021, 6, 24-36. [CrossRef]

Smetana, S.; Spykman, R.; Heinz, V. Environmental aspects of insect mass production. ]. Insects Food Feed 2021, 7, 553-571.
[CrossRef]

Bartkowicz, J.; Babicz-Zielifiska, E. Acceptance of bars with edible insects by a selected group of students from Tri-City, Poland.
Czech |. Food Sci. 2020, 38, 192-197. [CrossRef]

Guiné, R.PFE; Florenga, S.G.; Anjos, O.; Boustani, N.M.; Chuck-Herndndez, C.; Sari¢, M.M.; Ferreira, M.; Costa, C.A.; Bartkiene, E.;
Cardoso, A.P; et al. Are Consumers Aware of Sustainability Aspects Related to Edible Insects? Results from a Study Involving 14
Countries. Sustainability 2022, 14, 14125. [CrossRef]

Mina, G.; Peira, G.; Bonadonna, A. The Potential Future of Insects in the European Food System: A Systematic Review Based on
the Consumer Point of View. Foods 2023, 12, 646. [CrossRef] [PubMed]

Orkusz, A.; Wolariska, W.; Harasym, J.; Piwowar, A.; Kapelko, M. Consumers’ attitudes facing entomophagy: Polish case
perspectives. Int. J. Environ. Res. Public Health 2020, 17, 2427. [CrossRef]

Zabrocki, R. A comparative analysis of the determinants of behaviours of Polish and German consumers aged 55+ in the
innovative food market. Handel Wewn. 2017, 1, 413-423.

Nyberg, M.; Olsson, V.; Wendin, K. Reasons for eating insects? Responses and reflections among Swedish consumers. Int. J.
Gastron. Food Sci. 2020, 22, 100268. [CrossRef]

Stone, H.; FitzGibbon, L.; Millan, E.; Murayama, K. Curious to eat insects? Curiosity as a Key Predictor of Willingness to try
novel food. Appetite 2022, 168, 105790. [CrossRef]

Mishyna, M.; Chen, ].; Benjamin, O. Sensory attributes of edible insects and insect-based foods—Future outlooks for enhancing
consumer appeal. Trends Food Sci. Technol. 2020, 95, 141-148. [CrossRef]

Niva, M.; Vainio, A. Towards more environmentally sustainable diets? Changes in the consumption of beef and plant- and
insect-based protein products in consumer groups in Finland. Meat Sci. 2021, 182, 108635. [CrossRef]

Onwezen, M.C.; Bouwman, E.P; Reinders, M.].; Dagevos, H. A systematic review on consumer acceptance of alternative proteins:
Pulses, algae, insects, plant-based meat alternatives, and cultured meat. Appetite 2021, 159, 105058. [CrossRef]

La Barbera, E; Verneau, F.; Amato, M.; Grunert, K. Understanding Westerners” disgust for the eating of insects: The role of food
neophobia and implicit associations. Food Qual. Prefer. 2018, 64, 120-125. [CrossRef]

Wilkinson, K.; Muhlhausler, B.; Motley, C.; Crump, A.; Bray, H.; Ankeny, R. Australian consumers’ awareness and acceptance of
insects as food. Insects 2018, 9, 44. [CrossRef] [PubMed]


https://doi.org/10.3390/foods12102026
https://doi.org/10.1111/jfbc.13186
https://www.ncbi.nlm.nih.gov/pubmed/32163603
https://doi.org/10.1016/j.lwt.2018.01.058
https://doi.org/10.1111/ijfs.13848
https://doi.org/10.3390/antibiotics10020212
https://doi.org/10.1016/j.jfca.2017.06.004
https://doi.org/10.1016/j.cofs.2022.100958
https://doi.org/10.1016/j.ifset.2019.102272
https://doi.org/10.17306/J.AFS.0570
https://doi.org/10.3390/foods8020046
https://doi.org/10.1016/j.foodqual.2023.104927
https://doi.org/10.1016/j.foodqual.2022.104760
https://doi.org/10.1016/j.jclepro.2017.04.017
https://doi.org/10.1016/j.jfutfo.2021.10.001
https://doi.org/10.1371/journal.pone.0051145
https://doi.org/10.1515/opag-2020-0206
https://doi.org/10.3920/JIFF2020.0116
https://doi.org/10.17221/236/2019-CJFS
https://doi.org/10.3390/su142114125
https://doi.org/10.3390/foods12030646
https://www.ncbi.nlm.nih.gov/pubmed/36766174
https://doi.org/10.3390/ijerph17072427
https://doi.org/10.1016/j.ijgfs.2020.100268
https://doi.org/10.1016/j.appet.2021.105790
https://doi.org/10.1016/j.tifs.2019.11.016
https://doi.org/10.1016/j.meatsci.2021.108635
https://doi.org/10.1016/j.appet.2020.105058
https://doi.org/10.1016/j.foodqual.2017.10.002
https://doi.org/10.3390/insects9020044
https://www.ncbi.nlm.nih.gov/pubmed/29671798

Sustainability 2023, 15, 14964 14 of 15

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.
70.

71.

72.

73.

74.

75.

76.

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. [CrossRef] [PubMed]

Sogari, G.; Dagevos, H.; Amato, M.; Taufik, D. Consumer Perceptions and Acceptance of Insects As Feed and Food: Current
Findings and Future Outlook. In Novel Foods and Edible Insects in the European Union; Scaffardi, L., Formici, G., Eds.; Springer:
Cham, Switzerland, 2022; pp. 147-169. [CrossRef]

Ros-Bar6, M.; Sanchez-Socarras, V.; Santos-Pages, M.; Bach-Faig, A.; Aguilar-Martinez, A. Consumers’ Acceptability and
Perception of Edible Insects as an Emerging Protein Source. Int. ]. Environ. Res. Public Health 2022, 19, 15756. [CrossRef] [PubMed]
Galecki, R.; Zielonka, L..; Zasepa, M.; Gotebiowska, ].; Bakuta, T. Potential Utilization of Edible Insects as an Alternative Source of
Protein in Animal Diets in Poland. Front. Sustain. Food Syst. 2021, 5, 675796. [CrossRef]

Zieliriska, E.; Pankiewicz, U.; Sujka, M. Nutritional, physiochemical, and biological value of muffins enriched with edible insects
flour. Antioxidants 2021, 10, 1122. [CrossRef]

Kostecka, J.; Konieczna, K.; Cunha, L.M. Evaluation of insect-based food acceptance by representatives of polish consumers in the
context of natural resources processing retardation. J. Ecol. Eng. 2017, 18, 166-174. [CrossRef]

Gumussoy, M.; Macmillan, C.; Bryant, S.; Hunt, D.F,; Rogers, P]. Desire to eat and intake of ‘insect’ containing food is increased by
a written passage: The potential role of familiarity in the amelioration of novel food disgust. Appetite 2021, 161, 105088. [CrossRef]
Dion-Poulin, A.; Turcotte, M.; Lee-Blouin, S.; Perreault, V.; Provencher, V.; Doyen, A.; Turgeon, S.L. Acceptability of insect
ingredients by innovative student chefs: An exploratory study. Int. ]. Gastron. Food Sci. 2021, 24, 100362. [CrossRef]

Menozzi, D.; Sogari, G.; Veneziani, M.; Simoni, E.; Mora, C. Eating novel foods: An application of the Theory of Planned
Behaviour to predict the consumption of an insect-based product. Food Qual. Prefer. 2017, 59, 27-34. [CrossRef]

Toti, E.; Massaro, L.; Kais, A.; Aiello, P.; Palmery, M.; Peluso, I. Entomophagy: A narrative review on nutritional value, safety,
cultural acceptance and a focus on the role of food neophobia in italy. Eur. J. Investig. Health Psychol. Educ. 2020, 10, 628-643.
[CrossRef] [PubMed]

Lammers, P.; Ullmann, L.M.; Fiebelkorn, F. Acceptance of insects as food in Germany: Is it about sensation seeking, sustainability
consciousness, or food disgust? Food Qual. Prefer. 2019, 77, 78-88. [CrossRef]

Mancini, S.; Sogari, G.; Diaz, S.E.; Menozzi, D.; Paci, G.; Moruzzo, R. Exploring the Future of Edible Insects in Europe. Foods 2022,
11, 455. [CrossRef] [PubMed]

Bae, Y.; Choi, J. Consumer acceptance of edible insect foods: An application of the extended theory of planned behavior. Nutr.
Res. Pract. 2021, 15, 122-135. [CrossRef]

Chang, H.P,; Ma, C.C.; Chen, H.S. Climate change and consumer’s attitude toward insect food. Int. J. Environ. Res. Public Health
2019, 16, 1606. [CrossRef]

Mancini, S.; Moruzzo, R.; Riccioli, F,; Paci, G. European consumers’ readiness to adopt insects as food. A review. Food Res. Int.
2019, 122, 661-678. [CrossRef]

Grasso, A.C.; Hung, Y.; Olthof, M.R.; Verbeke, W.; Brouwer, I.A. Older consumers’ readiness to accept alternative, more sustainable
protein sources in the European Union. Nutrients 2019, 11, 1904. [CrossRef]

Orsi, L.; Voege, L.L.; Stranieri, S. Eating edible insects as sustainable food? Exploring the determinants of consumer acceptance in
Germany. Food Res. Int. 2019, 125, 108573. [CrossRef]

Videbaek, PN.; Grunert, K.G. Disgusting or delicious? Examining attitudinal ambivalence towards entomophagy among Danish
consumers. Food Qual. Prefer. 2020, 83, 103913. [CrossRef]

Caparros Megido, R.; Sablon, L.; Geuens, M.; Brostaux, Y.; Alabi, T.; Blecker, C.; Drugmand, D.; Haubruge, E.; Francis, F. Edible
insects acceptance by belgian consumers: Promising attitude for entomophagy development. . Sens. Stud. 2014, 29, 14-20.
[CrossRef]

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. [CrossRef]

Sogari, G.; Bogueva, D.; Marinova, D. Australian consumers’ response to insects as food. Agriculture 2019, 9, 108. [CrossRef]
Dupont, J.; Fiebelkorn, F. Attitudes and acceptance of young people toward the consumption of insects and cultured meat in
Germany. Food Qual. Prefer. 2020, 85, 103983. [CrossRef]

Ruby, M.B.; Rozin, P.; Chan, C. Determinants of willingness to eat insects in the USA and India. J. Insects Food Feed 2015, 1, 215-225.
[CrossRef]

Maya, C.; Sterling, K.; Rukov, J.L.; Roos, N. Perception of edible insects and insect-based foods among children in Denmark:
Educational and tasting interventions in online and in-person classrooms. J. Insects Food Feed 2023, 9, 989-1001. [CrossRef]
Wendin, K.M.; Nyberg, M.E. Factors influencing consumer perception and acceptability of insect-based foods. Curr. Opin. Food
Sci. 2021, 40, 67-71. [CrossRef]

Caparros Megido, R.; 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. [CrossRef]

Simeon, E.ID.; Basiru Danjuma, A.; Momoh, A. Effects of Cricket Addition on the Chemical, Functional, and Sensory Properties
of Complementary Formulation from Millet Flour. Turk. J. Agric.—Food Sci. Technol. 2022, 10, 508-516. [CrossRef]

Luna, G.C,; Martin-Gonzalez, F.S.; Mauer, L.J.; Liceaga, A.M. Cricket (Acheta domesticus) protein hydrolysates” impact on the
physicochemical, structural and sensory properties of tortillas and tortilla chips. J. Insects Food Feed 2021, 7, 109-120. [CrossRef]


https://doi.org/10.3390/foods10102420
https://www.ncbi.nlm.nih.gov/pubmed/34681469
https://doi.org/10.1007/978-3-031-13494-4_8
https://doi.org/10.3390/ijerph192315756
https://www.ncbi.nlm.nih.gov/pubmed/36497830
https://doi.org/10.3389/fsufs.2021.675796
https://doi.org/10.3390/antiox10071122
https://doi.org/10.12911/22998993/68301
https://doi.org/10.1016/j.appet.2020.105088
https://doi.org/10.1016/j.ijgfs.2021.100362
https://doi.org/10.1016/j.foodqual.2017.02.001
https://doi.org/10.3390/ejihpe10020046
https://www.ncbi.nlm.nih.gov/pubmed/34542524
https://doi.org/10.1016/j.foodqual.2019.05.010
https://doi.org/10.3390/foods11030455
https://www.ncbi.nlm.nih.gov/pubmed/35159605
https://doi.org/10.4162/nrp.2021.15.1.122
https://doi.org/10.3390/ijerph16091606
https://doi.org/10.1016/j.foodres.2019.01.041
https://doi.org/10.3390/nu11081904
https://doi.org/10.1016/j.foodres.2019.108573
https://doi.org/10.1016/j.foodqual.2020.103913
https://doi.org/10.1111/joss.12077
https://doi.org/10.1016/j.foodqual.2014.07.008
https://doi.org/10.3390/agriculture9050108
https://doi.org/10.1016/j.foodqual.2020.103983
https://doi.org/10.3920/JIFF2015.0029
https://doi.org/10.3920/JIFF2022.0176
https://doi.org/10.1016/j.cofs.2021.01.007
https://doi.org/10.1016/j.foodqual.2016.05.004
https://doi.org/10.24925/turjaf.v10i4.508-516.4414
https://doi.org/10.3920/JIFF2020.0010

Sustainability 2023, 15, 14964 15 of 15

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.
99.

Kowalski, S.; Mikulec, A.; Mickowska, B.; Skotnicka, M.; Mazurek, A. Wheat bread supplementation with various edible insect
flours. Influence of chemical composition on nutritional and technological aspects. LWT 2022, 159, 113220. [CrossRef]

Osimani, A.; Milanovi¢, V.; Cardinali, F; Roncolini, A.; Garofalo, C.; Clementi, F.; Pasquini, M.; Mozzon, M.; Foligni, R.; Raffaelli,
N.; et al. Bread enriched with cricket powder (Acheta domesticus): A technological, microbiological and nutritional evaluation.
Innov. Food Sci. Emerg. Technol. 2018, 48, 150-163. [CrossRef]

Zugravu, C.; Tarcea, M.; Nedelescu, M.; Nutg, D.; Guiné, R.P.F; Constantin, C. Knowledge: A Factor for Acceptance of Insects as
Food. Sustainability 2023, 15, 4820. [CrossRef]

Boukid, F,; Sogari, G.; Rosell, C.M. Edible insects as foods: Mapping scientific publications and product launches in the global
market (1996-2021). J. Insects Food Feed 2023, 9, 353-368. [CrossRef]

Pippinato, L.; Gasco, L.; Di Vita, G.; Mancuso, T. Current scenario in the European edible-insect industry: A preliminary study. J.
Insects Food Feed 2020, 6, 371-381. [CrossRef]

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

Zamfirache, I. Entomophagy—Acceptance or Hesitancy in Romania. Sustainability 2023, 15, 9299. [CrossRef]

Halonen, V.; Uusitalo, V.; Levénen, J.; Sillman, J.; Leppékoski, L.; Claudelin, A. Recognizing Potential Pathways to Increasing
the Consumption of Edible Insects from the Perspective of Consumer Acceptance: Case Study from Finland. Sustainability 2022,
14,1439. [CrossRef]

Padulo, C.; Carlucci, L.; Balsamo, M.; Fairfield, B. A dynamic hop to cricket consumption: Factors influencing willingness to try
insect-based food. J. Insects Food Feed 2022, 8, 1157-1168. [CrossRef]

Skotnicka, M.; Karwowska, K.; Ktobukowski, F.; Borkowska, A.; Pieszko, M. Possibilities of the development of edible insect-based
foods in europe. Foods 2021, 10, 766. [CrossRef]

Adamek, M.; Adamkova, A.; Ml¢ek, J.; Borkovcova, M.; Bednafovd, M. Acceptability and sensory evaluation of energy bars and
protein bars enriched with edible insect. Potravin. Slovak J. Food Sci. 2018, 12, 431-437. [CrossRef] [PubMed]

Florenga, S.G.; Correia, PM.R.; Costa, C.A.; Guiné, R.PF. Edible insects: Preliminary study about perceptions, attitudes, and
knowledge on a sample of portuguese citizens. Foods 2021, 10, 709. [CrossRef]

Thrastardottir, R.; Olafsdottir, H.T.; Thorarinsdottir, R.I. Yellow mealworm and black soldier fly larvae for feed and food
production in europe, with emphasis on iceland. Foods 2021, 10, 2744. [CrossRef] [PubMed]

The European Parliament and the Council of the European Union. Regulation (EU) 2015/2283 of the European Parliament and of
the Council of 25 November 2015 on novel foods. Off. J. Eur. Union 2015, L327,1-22.

European Commission. Implementing Regulation (EU) 2023 /5 of 3 January 2023 authorising the placing on the market of Acheta
domesticus (house cricket) partially defatted powder as a novel food and amending Implementing Regulation (EU) 2017 /2470.
Off. ]. Eur. Union 2023, L2, 9-14.

European Commission. Implementing Regulation (EU) 2023/58 of 5 January 2023 authorising the placing on the market of
the frozen, paste, dried and powder forms of Alphitobius diaperinus larvae (lesser mealworm) as a novel food and amending
Implementing Regulation (EU) 2017/2470. Off. ]. Eur. Union 2023, L5, 10-15.

Lensvelt, E.J.S.; Steenbekkers, L.P.A. Exploring Consumer Acceptance of Entomophagy: A Survey and Experiment in Australia
and the Netherlands. Ecol. Food Nutr. 2014, 53, 543-561. [CrossRef]

Herbert, M.; Beacom, E. Exploring Consumer Acceptance of Insect-based Snack Products in Ireland. J. Food Prod. Mark. 2021, 27,
267-290. [CrossRef]

Giotis, T.; Drichoutis, A.C. Consumer acceptance and willingness-to-pay for insect-based foods: The role of proximity of insects
in the food chain. Munich Pers. RePEc Arch. 2020, 104840, 1-21.

Berger, S.; Christandl, F; Schmidt, C.; Baertsch, C. Price-based quality inferences for insects as food. Br. Food ]. 2018, 120,
1615-1627. [CrossRef]

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

van Huis, A. Prospects of insects as food and feed. Org. Agric. 2021, 11, 301-308. [CrossRef]

Roma, R.; Palmisano, G.O.; De Boni, A. Insects as novel food: A consumer attitude analysis through the dominance-based rough
set approach. Foods 2020, 9, 387. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.lwt.2022.113220
https://doi.org/10.1016/j.ifset.2018.06.007
https://doi.org/10.3390/su15064820
https://doi.org/10.3920/JIFF2022.0060
https://doi.org/10.3920/JIFF2020.0008
https://doi.org/10.1016/j.foodqual.2018.10.001
https://doi.org/10.3390/su15129299
https://doi.org/10.3390/su14031439
https://doi.org/10.3920/JIFF2021.0112
https://doi.org/10.3390/foods10040766
https://doi.org/10.5219/925
https://www.ncbi.nlm.nih.gov/pubmed/37784054
https://doi.org/10.3390/foods10040709
https://doi.org/10.3390/foods10112744
https://www.ncbi.nlm.nih.gov/pubmed/34829029
https://doi.org/10.1080/03670244.2013.879865
https://doi.org/10.1080/10454446.2021.1994080
https://doi.org/10.1108/BFJ-08-2017-0434
https://doi.org/10.1016/j.appet.2019.104338
https://doi.org/10.1007/s13165-020-00290-7
https://doi.org/10.3390/foods9040387
https://www.ncbi.nlm.nih.gov/pubmed/32230781

	Introduction 
	Materials and Methods 
	Availability of Insect Food in Poland 
	Data Collection 

	Results and Discussion 
	Conclusions 
	References

