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Abstract: In Poland, there has recently been a lot of interest in the possible use of insects as a new
food source. Since they have many nutritional and environmental advantages, insects are a
promising and sustainable source of protein. Although, in many parts of the world insects are a
highly valued food, in Poland the development of insect-based food has only recently started, and
the availability of products on the market is constantly increasing. This study examines the market
availability of food products with insect additives in Poland, considering both online and sta-tionary
stores. The assortment of products was analyzed based on the country of origin, insect species, form
of insects, and product category. Polish consumers have more access to in-sect-based food products
than ever before, with whole insects, protein bars, and powdered ver-sions predominating the
market’s offers.
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1. Nutritional Value

Food consumption, especially meat consumption, accounts for a large part of the ecological
footprint. In many countries, livestock and fish are important sources of protein [1]. Through growing
environmental, biodiversity, and welfare concerns, the search for alternative protein sources has
accelerated [2]. With each passing year, there is growing interest in introducing edible insects into
the western diet [1]. They are considered a potential solution to food insecurity that may arise due to
[3]. In recent years, insects have been recognized globally as a potential source of nutritional
components, including proteins, carbohydrates, lipids, vitamins, and minerals [4,5]. Edible insects
have an excellent nutritional profile, offering 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 [1]. Additionally, insects contain bioactive compounds such as
peptides and antioxidant enzymes [6]. The nutritional composition and profile of insects are
influenced by factors such as species, diet, developmental stage, gender, and habitat [7]. Processing
and preparation methods also play a role [5]. Zieliriska et al. (2018) [8] highlighted the solubility of
insect protein across a wide pH range and its water and oil retention capacity. Insect proteins also
exhibit high emulsifying activity and moderate foam-forming abilities. Therefore, they can be used
in food production, such as to improve the nutritional value, but also to improve the texture,
consistency and appearance of food.

Edible insects are a rich source of high-quality protein that contains essential amino acids. They
fully meet the requirements for essential amino acids, including threonine, valine, histidine, tyrosine,
tryptophan, and lysine [9,10]. The protein content in edible insects ranges from 5 to 77 g per 100 g,
depending on the species and developmental stage [11,12]. Compared to beef, which contains
approximately 26 g of protein per 100 g, insects offer a more favorable protein content [11]. Insects
also exhibit a protein digestibility ranging from 79% to 92%. The content of essential amino acids and
protein digestibility in insects is comparable to those found in chicken eggs. Insect peptides have
antioxidative properties, which can positively impact human health [13,14]. Furthermore, proteins
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from crickets and mealworm can be modified through enzymatic hydrolysis to enhance their sensory
properties, thus expanding their potential applications in the food industry [15].

Edible insects have a low carbohydrate content, with carbohydrates primarily occurring in the
form of chitin and glycogen. Glycogen serves as an energy source stored in the muscular cells and
tissues. Chitin, which is indigestible by the human digestive system, exhibits antioxidative,
anticancer, and antimicrobial properties [5]. Insects are also rich in dietary fiber, mainly in the form
of chitin [4]. The reported ranges of dietary fiber content in insects include 2.8-25.1% for beetle larvae
(Rhynchophorus phoenicis), 9.6% for house crickets (Acheta domesticus), 2.0% and 1.8-9.4% for silkworm
larvae Bombyx mori and Cirina forda, respectively [11].

The lipid content in insects varies depending on the species, gender, reproductive stage, season,
diet, and habitat. Insects undergo metamorphosis, and the lipid content may decrease or increase
with the growth of individuals. Hemimetabolic species generally have higher fat content in the adult
stage compared to the larval stage, whereas holometabolic species exhibit the opposite pattern, as
larvae utilize fat as an energy source during metamorphosis [16]. The fat content in edible insects
ranges from 13% for grasshoppers, locusts, and crickets to 28% for caterpillars, 30% for cockroaches,
termites, and beetles [17].

The fatty acid composition of insects is comparable to that of fish and poultry fats [13]. However,
insects contain a higher proportion of unsaturated fatty acids compared to saturated fatty acids [17-
19]. The average proportion of saturated fatty acids (SFA) is around 30.3% (mainly palmitic and
stearic acids), while monounsaturated fatty acids (MUFA) account for approximately 38.8% (mainly
palmitoleic and oleic acids). Polyunsaturated fatty acids (PUFA) make up 29.9% of the total fatty
acids, with linoleic and a-linolenic acids being the main components [20].

Insects are rich in iron and zinc and contain smaller amounts of copper, manganese, magnesium,
and calcium. Insects can also serve as a source of thiamine, riboflavin, and cobalamin, and certain
species exhibit folate, retinol, and [3-carotene content [4,20]. Most edible insects have iron content
comparable to that of meat sources [5].

Currently, the main factor limiting the use of edible insects in Europe is the lack of consumer
acceptance [8]. However, edible insect consumption is gradually appearing in European countries,
and it is likely to become more widely accepted shortly [6]. Nevertheless, further research is needed
to achieve the best compromise between functionality, palatability, cost-effectiveness, sustainable
development, and consumer safety [9].

2. Perception of Food with Insect Additives

There is a long history of human consumption of insects in many parts of the world, especially
in areas in Asia, Africa, and South America, where insects have been a primary source of protein for
centuries [21,22]. In tropical regions, insects are traditionally prepared by roasting or frying with
onions, pepper, salt, and other spices. They are also used as ingredients in dishes, such as larvae
(Cirina forda and Bunaea alcinoe) in vegetable stews [23].

In recent years, entomophagy has received much attention worldwide [24]. However, the
acceptability of edible insects in Europe, Australia, and North America is still low [25]. Repulsion is
one of the most common reactions and also the biggest barrier [26]. Other reasons for rejecting edible
insects are fear and neophobia. Insects are considered dirty, primitive foods, and their sensory
qualities are generally viewed negatively [27]. Importantly, they are present even in cultures with a
long tradition of eating insects [24]. Surveys of Taiwanese and Korean consumers have shown that
food neophobia and revulsion toward some forms of insects have also been identified as major factors
in not buying or eating insects [28,29]. Mancini et al. (2019) [30] and Grasso et al. (2019) [31] also
showed a low propensity to eat insects as a meat substitute, among Italian consumers, mainly based
on feelings of disgust and neophobia. Similar results were obtained by Lammers et al. (2019) [32]
when studying German consumers' propensity to eat insect burgers. Orsi et al. (2019) [33] also
identified disgust as the most common psychological barrier.
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When consumers are confronted with new or unfamiliar foods, common reactions are both
rejection and curiosity. Interest in trying new things has been defined as an important motivational
aspect of food selection [21]. Not all consumers find insects disgusting [34]. In the U.S., 72.5% of study
participants were willing to consume at least one product containing insects, and in Canada, it was
shown that 67% of participants had already tried foods with insects [27]. Danish consumers see
insects as a sustainable food source and a possible alternative to meat. Aspects such as more
sustainable production, protein, and other nutrient content are mentioned, and they are also
considered tasty [34].

Belgian consumers over the age of 45 were more willing to accept foods with insects compared
to other age groups [35]. In other studies, younger consumers were more ready to accept novel foods,
such as insects [36], while, for example, young Australians were found to be less willing to accept
them [37], and food neophobia had a negative impact on the desire to eat insect burgers among
children and adolescents in Germany [38]. Opinions vary on the influence of gender on neophobic
behavior, finding either a greater tendency for men to consume insect-containing foods compared to
women or no effect of gender [35,39]. 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 readiness to eat insects and their agreement that society needs sustainable
meals [40].

Stone et al. (2021) [22] found that perceptions of both unprocessed (whole, 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 [27]. Furthermore, an interest in new food experiences and a sense of
excitement related to adventure, frenzy, and sensation-seeking have also been identified as important
in food acceptance [24]. The predominantly Danish media has shown great interest in entomophagy.
There are regular reports on insect production or the use of insects as food [34].

Some studies have been conducted to explore customer attitudes about insect-based food
products. The findings found that, while the majority of people had never eaten an insect-based food
product previously, there was some readiness to try these goods. Potential acceptance drivers were
also found, implying that acceptance hurdles may be addressed by product design, education, and
effective marketing strategies [33-35].

In Europe, changing perceptions and encouraging consumer acceptance may be facilitated by
ensuring the food safety of edible insects. To more effectively and persuasively promote edible insects
as nutritious future food, more knowledge is needed about the nutritional value of insects and the
environmental advantages of entomophagy [41]. It is crucial to educate people about the health,
environmental, and economic benefits of edible insects to introduce them as food in the future since
this may enhance their willingness to do so [42].

3. Market Availability

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental

Although entomophagy is currently being promoted more and more in Europe and North
America, edible insects are typically consumed in Africa, Asia, and South America [43]. To meet the
rising demand for a variety of foods and a supply of protein, as well as to provide anticipated
nutritional and environmental benefits, people in Europe are becoming more and more interested in
eating insects [21].

The consumption of insect-based food products has gained traction as a sustainable and
nutritious alternative in Poland. This study aims to provide a detailed analysis of the market
availability of such products, highlighting the prevalence of whole insects, protein bars, and
powdered forms. Additionally, it explores the origin of these products and the limited variety of
insect-based food items found in the Polish market compared to other European countries. Data for
this study were collected from various online and physical stores operating in Poland. The assortment
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of products were analyzed based on their country of origin, insect species, form (whole or powdered),
and product category. The analysis encompassed a total of 81 products.

The Polish market predominantly offers food products containing whole insects, accounting for
33% of the available products (Figure 1). These whole insects come in various flavors, such as lime
and chili-flavored dried crickets. The next significant categories include protein bars (23%) and
powdered forms (19%), which 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 in salted caramel, so the selection
is not just limited to savory tastes [44]. Additionally important is the hue of an insect-based diet. In
general, raw insects are a dark gray to grey color, which is not appealing to consumers. However,
due to thermal processing, they acquire a crimson tint with brown undertones. Insects that are
correctly dried or frozen acquire a golden hue [10].

M Protein bars

H Whole insects
Chips and crackers

B Granola

19 M Pastas
(e}

39 B Powders

1 Sweets

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

The Polish market is divided mainly 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.
Products with whole insects constitute 43% of the market.

B whole

M ground with visable

fragments
56%
powder

Figure 2. Availability of insect forms in food products on the Polish market.
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The observed Polish consumer preferences suggest that individuals are more inclined to
embrace insect-based food products when they are incorporated in a way that minimizes the visibility
of insect fragments. The texture, appearance, and sensory attributes of the bars play a vital role in
shaping consumers' perceptions and willingness to consume such products. The bars that contained
ground mealworms and ground crickets exhibited better acceptance rates compared to the bars with
whole insects, emphasizing the importance of processing techniques in enhancing consumer
acceptability [45].

A common trend is that people are less likely to eat whole edible insects than other foods that
come from animals [33]. For these reasons, Florenca et al. (2021) [46] suggest that if edible insects are
to be introduced to the food market, food products that already contain edible insects be used as a
starting point rather than moving straight to the possibility of eating the whole counterparts.

Four insect species are primarily applied in insect-based food products available in the Polish
market: domestic cricket (Acheta domesticus), lesser mealworm (Alphitobius diaperinus), migratory
locust (Locusta migratoria), and mealworm (Tenebrio molitor) (Figure 3). The majority of food products
feature domestic crickets as a key ingredient, particularly in pasta, chips, and crackers. Lesser
mealworms are predominantly found in granolas and protein bars. In sweet products, the primary
insect ingredient is migratory locust, along with mixtures of various insect species, including the
darkling beetle (Zophobas morio). Banana crickets (Gryllodes sigillatus), commonly found in Western
countries, are not available in the Polish market.

Sweets

Powders

Pastas

Granola

Chips and crackers

Whole insects

Insect-based food products

Protein bars

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Share
B Acheta domesticus W Alphitobius diaperinus B Locusta migratoria
B Tenebrio molitor B Other (mixture, no data)

Figure 3. Species availability of insects in given food product categories on the Polish market.

The sector of producing food made from insects is expanding across Europe. Several businesses
make food based on insects, even though they are not yet a common food source. In terms of origin,
insect-based food products in Poland mainly come from Germany (36% market share) and domestic
producers (27%), as well as France, the United Kingdom, and Finland (Figure 4). To fulfill the rising
demand, businesses are increasing their production of these insects in Europe by utilizing economies
of scale, automation, and technology. Additionally encouraging the industry's expansion, European
legislation has improved concerning using insects as food and animal feed [47].

In Europe, there is growing interest in eating edible insects because they are regarded as a more
sustainable and interesting source of protein [48]. The lack of familiarity with insect-based food,
however, limits consumption and market growth [49]. There is a long history of human consumption
of insects in many parts of the world, especially in areas in Asia, Africa, and South America [21],
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where insects have been a primary source of protein for centuries [22]. In tropical regions, insects are
traditionally prepared by roasting or frying with onions, pepper, salt, and other spices. They are also
used as ingredients in dishes, such as larvae (Cirina forda and Bunaea alcinoe) in vegetable stews [23].

40
35
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Germany Poland France  Great Britan  Finland

Country of origin

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

4. Conclusions

Edible insects fit perfectly into the trends related to environmental protection and natural
products. A wide range of products is certainly attractive for consumers who want to enrich their
diet with an additional source of protein and for people who want to satisfy their curiosity. Poles are
curious and willing to try new foods, and their share will grow dynamically over time.

Consumers are increasingly paying attention to the origin of the products they buy and their
impact on the environment. Sustainable breeding of insects and the content of nutrients in them,
including, above all, protein, allows the introduction of new, attractive products to the market.
According to the conducted analysis, producers can both produce food based on insects, as well as
articles slightly enriched with this ingredient. In addition, the diversity of insects in terms of
functionality allows you to select the most appropriate species for the expected task.

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.
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
product types is currently limited compared to other European markets. The study underscores the
potential for further market development and the need to address regulatory challenges and
consumer preferences to foster the growth of the insect-based food industry in Poland.

To encourage wider acceptance and uptake of insect-based food items, efforts should be directed
toward improving organoleptic properties, addressing visual concerns, and optimizing the
formulation of such products. Additionally, educating consumers about the nutritional benefits,
sustainability aspects, and cultural acceptance of edible insects could contribute to changing attitudes
and increasing their overall acceptance.
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