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Abstract: Although entomophagy as a diet has been known since the dawn of humanity, it is still considered a novelty
to the European market and consumers. This study was performed to evaluate the acceptance of a trend promoted by
the FAO diet regarding selected young Polish consumers and it presents the results of a survey conducted among them.
The primary goal of this study was to assess the acceptance of new edible insect products with mealworms Tenebrio
molitor L. and house crickets Acheta domesticus L. These products were prepared in the form of four different types
of bars; one without insects, one with whole mealworms, one with ground mealworms and one with ground crickets.
According to consumers, the worst bars were the ones which contained the whole mealworms. Additionally, the main
problems with accepting this product were caused by the colour of the ground crickets and visible whole pieces of
the insects in the edible bars. The study proved that the acceptance of insect bars as food depends on the tastiness and
smell. The acceptance of bars also depends on variants. The basic bar had the highest acceptance rate, while the bar

with whole mealworms had the lowest one.
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Entomophagy has been known since the dawn
of humanity and has a long history in many parts of
the world. For many populations worldwide edible in-
sects are the primary source of nutrients and it is not
due to the lack of other food but because of the special
taste. What is more, they are treated almost as delica-
cies (Siriamornpun & Thammapat 2008). The advan-
tages resulting from the consumption of insects are
mainly health, environment, and livelihood of people
(Van Huis et al. 2013).

For many people in western societies, insects are re-
garded as pests and entomophagy is often associated
with disgust and primitive behaviour. In the future,
insects could be food for both humans and livestock
(Van Huis et al. 2013). Determinants of consumer ac-

ceptance of new sources of food are price and qual-
ity advantages, the risk of naturalness, confidence,
attitude, culture, and adjusted offer for consumers.
The lack of knowledge about entomophagy makes in-
sects seen as “unhygienic’, which would mean that they
are the source of diseases, bacteria, or infections (Lens-
velt & Steenbekkers 2014).

According to Dicke et al. (2014) people will accept eat-
ing insects if they look and smell familiar and if they are
not served intact. At present, the consumption of edible
insects is minimal in developed countries, but people’s
curiosity is growing. In Europe, edible insects arouse
various emotions and, at the same time, huge curiosity.

New food, especially with insects, can cause anxi-
ety and a sense of insecurity because of ignorance,
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the lack of knowledge and experience in dealing with it.
As a result, there are internal conflicts and barriers as-
sociated with the consumption of new, unknown food.
New food may arouse ambivalent attitudes, containing
components of both positive and negative approaches.
Thus, consumers’ prejudice based on visual aspects
and their willingness to expand their knowledge about
nutrition are contradictions in the attitude towards this
food (Shiv & Fedorikhin 1999).

Visual assessment generally takes place before
the first assessment carried out by the other senses,
and it often determines the acceptance or rejection
of the product (Babicz-Zieliiska et al. 2009). Con-
sumer research in Europe found that acceptance
is higher when insects are hidden in products (Lens-
velt & Steenbekkers 2014; Sogari 2015; Tan et al. 2015;
Schouteten et al. 2016).

In European consumer research, insects were served
in various forms, both in their natural form, in different
flavours (Megido et al. 2014; Ruby 2015; Sogari 2015)
and in the form of burgers, bars or other dishes known
to consumers (Megido et al. 2014; Tan et al. 2015; Hart-
mann & Siergist 2016; House 2016; Megido et al. 2016;
Verneau et al. 2016; Menozzi et al. 2017; Jensen & Li-
eberoth 2018; Lombardi et al. 2018).

In Europe, there is no cultural impulse to eat insects,
given that entomophagy is not practised, but Man-
cini et al. (2019) indicate a growing interest in edible
insects in European countries such as Finland, Ger-
many, Czech Republic, Italy, Belgium, Netherlands,
Switzerland, Hungary, Denmark, Ireland and Poland
manifesting in the amount of research on their accep-
tance in these countries.

Therefore, it is important to know the factors cur-
rently affecting the acceptance of edible insects in Po-
land in a selected group of young people. According to
Gutkowska et al. (2014) study, Polish consumers are
generally positive about changes in the food market
and they have the most positive attitude represented
by the youth and the middle-aged. Apparently, there
is a high degree of acceptance of new foods among
young consumers.

Therefore, the main purpose of this study was
to evaluate the acceptance of new edible insect prod-
ucts with mealworms Tenebrio molitor L. and house
crickets Acheta domesticus L. starting with a selected
group of young consumers in Poland. There are some
limitations in the presented study. The selected group
of students is not a representative group, and this does
not allow generalizing the results for the whole group
of young consumers in Poland.

MATERIAL AND METHODS

Respondent profile. The experiment was executed
in a laboratory. All consumers participated voluntarily.
They were also informed about safety and potential aller-
genicity of arthropods. The selected group consisted of
students because a trend of innovation in the market is
observed among young people. It is expressed by an in-
crease of interest in other products with new, unknown
flavours. A total of 101 students from one of the colleges
in Tri-City (Gdansk, Sopot and Gdynia) rated the inten-
sity of each sensory descriptor for each sample, using
the 10-point unstructured scale labelled on both ends
with hedonic or intensity terms, on the left (unaccept-
able, undetectable) and on the right (acceptable, very in-
tense). The respondents’ gender was 74 women (73.3%)
and 27 men (26.7%). Respondents made a sensory eval-
uation of four different types of bars which were pre-
pared. Having been instructed about the way of using
the 10-point scale for each descriptor, the respondents
were also informed about the possibility of the occur-
rence of allergy to insects. One of the bars was an insect-
free bar, one with (visible) whole mealworms Tenebrio
molitor L., another with a non-visible powder and a bar
with crushed Acheta domesticus L. The young consum-
ers rated the intensity of each sensory descriptor for
each sample. A 10-point scale in the acceptance test
was to evaluate: appearance, overall assessment, tasti-
ness, consistency (0-unacceptable—10-acceptable) and
sweet taste, nutty flavour, coconut flavour, sesame fla-
vour, a taste of cranberry, a taste of honey, a taste of sun-
flower (0-undetectable—10-very intense). After assess-
ing the variants, the consumers identified preferences of
these four bars from the worst to the best (0-10).

Insect preparation. The mealworms Tenebrio moli-
torL.and crickets Acheta domesticus L. used in this study
were produced in the Netherlands for Eat Grub Ltd., all
insects were from organic farming. The raw material was
preserved by freeze-drying, which allowed preserving
the original organoleptic properties and full nutritional
and biological value. The research material was certified
by KBBL Wijhe B.V. (Netherlands). The certificate in-
cluded microbiological determination of insects as food
(Escherichia coli, Enterobacteriaceae, Listeria monocy-
togenes, Salmonella, Staphylococcus aureus). The pack-
ing contained information on the nutrients of products
and allergic factors, expiration date, as well as the meth-
od of preparation and storage conditions. The samples
included oatmeal, sesame seed, cranberry, honey, coco-
nut, sunflower seeds, hazelnuts, and condensed milk.
The bars were baked at 130 °C for 1 hour. The sample
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BB was basic (basic bar), BWWM (bar with whole meal-
worms, addition 7.4%) was with whole mealworms (vis-
ible), BWGM (bar with ground mealworms, addition
7.4%) was with flavoured mealworms (not visible to
the human eye) and BWGC (bar with ground crickets,
addition 7.4%) was with favoured crickets. Whole crick-
ets were not used in the study because their grey-brown
colour could negatively affect the acceptance of bars.
During the study, the consumers mentioned the nega-
tive effect of colour, which led to acceptance in the ap-
pearance descriptor of the BWGC bar.

Statistical analysis. The obtained data were subject-
ed to statistical analysis in the Statistica PL12 computer
program (StatSoft Krakéw, Poland), at P < 0.05. One-
way analysis of variance ANOVA was used to compare
the variants of the bars. Cluster analysis was also used.
A multiple regression analysis was performed for each
variant. The dependent variable was acceptance (over-
all assessment in this study), while the independent
variables were appearance, tastiness, smell, consisten-
cy, and taste: sweet, nutty, coconut, sesame, cranberry,
honey, sunflower (ingredients of bars). The significance
estimate was calculated at P < 0.05.

RESULTS AND DISCUSSION

Consumers who evaluated the bars had similar pref-
erences to the ones with whole mealworms and ground
crickets. The BB bar without mealworms showed simi-
larity in parameters like appearance, tastiness, smell,

https://doi.org/10.17221/236/2019-CJES

texture, and taste: sweet, nutty, sesame, cranberry,
honey, sunflower to BWGM with invisible insects.
The invisible whole mealworms in bars affected many
parameters which had an indirect effect on consum-
ers’ acceptance. Comparing BWWM and BWGM bars,
the lowest values were found in almost all BW'WM as-
sessment parameters except coconut preferences and
taste, which were the lowest in BWGC. BWWM and
BWGC bars were the least preferred by consumers.
The sight of whole insects and colour affected con-
sumers’ perception. Although the ingredients were
the same in all bars, the addition of 7.4% edible insects
in BWWM, BWGC and BWGM bars showed that
the respondents rated the appearance lower in BWWM
and BWGC bars compared to BB (Table 1).

Based on the results obtained, it was found that
the acceptance of bars also depends on the type of
bar. The relationship is shown in the comparison (ac-
ceptance + SD): Acceptance BB (8.5 + 1.3) > BWGM
(7.7 £ 1.8) > BWGC (5.8 £ 2.7) > BWWH (5.5 + 2.8).
The bars BB, BWGM, BWGC and BWWM are statis-
tically different but BWWM and BWGC are statisti-
cally the same. According to the respondents, the BB
bar had the highest value of acceptance and it was
different from the others. The BWWM and BWGC
bars had the lowest acceptance value and showed sig-
nificant similarity to each other, they were equally ac-
cepted by consumers.

Two clusters have been distinguished based on the data.
One of them contained BB and BWGM bars, which

Table 1. Mean scores for sensory descriptors on a 10-point scale of fit bars (mean + SD)

Descriptors BB BWWM BWGM BWGC

Appearance 8.5+ 142 5.7 £2.9° 8.0+ 1.8 6.9 + 2.5¢
Tastiness 8.0+ 1.5 4.8 + 2.6 7.7+ 1.8 55+2.9¢
Sweet taste 6.5+1.7° 35+2.3 6.3+ 25 5.1+2.8¢
Nutty flavour 5.7 + 2.7% 3.9 + 3.2 6.4 + 2.4° 4.7 + 2,7°
Coconut flavour 6.3 +2.5° 3.9 + 2,9b¢ 3.3 + 2.7 2.8 + 2,64
Sesame flavour 5.9+ 2.7° 3.9 + 2,9 5.0 + 2,9%¢ 4.4 +25°
Taste of cranberry 4.6 + 3.4° 3.5+ 3.1° 4.5 + 3.4% 4.8 + 3.0
Taste of honey 4.5 + 3.0% 1.9+ 1.8 4.6 + 3.1° 3.1+ 2.6°
Taste of sunflower 5.1+3.1° 4.9 +2.7* 5.8 + 3.0° 5.3 +2.8°
Smell 8.4 + 2.4 6.1 + 2.8 7.5+ 2.4 6.2 +2.4¢
Consistency 6.6 £2.2% 6.8 £2.2% 6.7 £2.9% 6.8 £2.5%
Overall assessment 8.5+ 1.3 5.5 + 2.8" 7.7 £ 1.8° 5.8 +2.74
Consumer preference 8.7+1.3° 4.8 + 3.0 6.7 £2.4° 4.6 +3.04

Values in the same row followed by the same letter were not significantly different (P > 0.05); BB — basic bar; BWWM
— bar with whole mealworms (7.4%, visible); BWGM — bar with ground (flavoured) mealworms (7.4%, not visible);

BWGC - bar with ground crickets (7.4%, not visible)
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showed the closest resemblance to each other. In the sec-
ond cluster there were BWGC and BWWM bars, which
showed similarities in relation to each other, but this clus-
ter was different from the first one (Figure 1).

Stock et al. (2016) noted that hiding insects in food
“weakens encounters with them” The inclusion of in-
sects as an invisible ingredient can lead to greater
readiness to try a particular product, perhaps the lack
of a pronounced appearance or taste reduces the posi-
tive reasons for choosing an insect-based food product.

The invisible inclusion of insects in the product in this
study as well as in others e.g. pizza, lentils, burgers,
spring rolls, soup, pasta, bread, cookies, chocolate bars
or biscuits with insect flour including the combina-
tion of insects with known flavours, i.e. insects covered
with pepper or chocolate, seems to cause less aversion
than the presentation of visible and distasteful insects
(Schosler et al. 2012; Lensvelt & Steenbekkers 2014
Megido et al. 2014; Tan et al. 2016; Lombardi et al. 2018).

Sogari et al. (2018) demonstrated that the sensory at-
tribute perception such as appearance, taste and organo-
leptic characteristics can change between readily visible
and processed insect product. They also suggested that
for some “consumer groups” the presence of the whole

insect significantly increases taste preference, although
the visible aspect of the cricket is still a disgusting factor
just like in this study. Texture and appearance of insects
are perceived as stronger barriers than the taste attri-
bute. The positive experience of tasting products with
both visible and processed insects may lead consum-
ers to reconsider their initial negative expectations and
attitudes towards entomophagy. In this study, the vis-
ible mealworm and cricket aspects were confirmed in
the analysed case in the BWGC and BWWM bars.
Comparing BWWM and BWGC, BWGC bars ob-
tained lower values in descriptors such as consumer’s
preference and coconut flavour. In other descriptors,
BWWM bars obtained lower values. Despite not very
encouraging appearance of the BWGC bar, consumers
rated it better than a product in which insect pieces
were visible. This fact indicates that the consumer
should not see the form of an insect at this stage of ob-
taining products containing insects. This conclusion is
in line with the scientific statements set out above. Ob-
tained models of the dependence between acceptance
and selected sensory qualities allowed concluding that
the level of acceptance of the tested products was con-
ditioned by a significant influence of the quality fac-
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Figure 1. Concentration of four variants of fit bars (Ward’s method)

For abbreviations see Table 1
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Table 2. Multiple regression models for all variants of fit bars

Model R2
BB

Acceptance BB = 0.530 tastiness BB + 0.316 appearance BB + 0.228 consistency BB 0.381
BWGM

Acceptance BWGM = 0.648 tastiness BWGM + 0.350 smell BWGM 0.719
BWWM

Acceptance BWWM = 0.504 smell BWWM + 0.489 tastiness BWWM 0.618
BWGC

Acceptance BWGC = 0.565 smell BWGC + 0.432 tastiness BWGC 0.768

R? — multiple regression coefficient; for abbreviations see Table 1

tors, which were identified as critical. The indication
of selected quality factors as critical parameters re-
sulted from their statistically significant role in shaping
the quality of these products expressed in the assess-
ment of their acceptance. Generated multiple regres-
sion models are presented together with the values
of the multiple regression coefficient R? in Table 2.

Comparing the values of the coefficients of deter-
mination characterizing the multiple regression mod-
els describes the impact of selected quality factors on
the level of acceptance of individual flavour variants.
The highest value was found in the case of BWGC and
it amounted to 76.8%, and the lowest value in the case
of BB reached 23.2%. Tastiness was a statistically sig-
nificant factor that occurred in all multiple kinds of re-
gression for all bars. The generated critical parameters
may be a hint for further research on products con-
taining edible insects.

Sensory evaluation is a method of testing and com-
paring different products in terms of the human sens-
es: sight, smell, taste, touch, and hearing. It would seem
that taste is the most important determinant of quality
in the case of food, however, it is not the only one. Food
may taste delicious and its appearance may be unpleas-
ant to the eye (Grunert 2005; Song & Schwarz 2009;
Megido et al. 2014; Jensen & Lieberoth 2018) like in
the case of BWWM and BWGC bars.

CONCLUSION

The consumers in this study preferred BB bar with-
out edible insects and BWGM bar with the ground
mealworms. They had similar preferences to BWWM
and BWGC. According to consumers, the appearance
of BWGC was worse than that of BB and BWGM.
Based on the obtained results, it was found that the ac-
ceptance of insect bars as food will depend on the tasti-
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ness, which in each of the examined cases seemed
to be the key factor differentiating quality. It is worth
noting that the predictor — the smell of the presented
bars — was an important statistical quality indicator in
3 out of the 4 cases studied. The acceptance of bars also
depends on variants. The highest acceptance was BB
and the lowest was BWWM bars. This study shows that
the consumer should not see the form of an insect at this
stage of obtaining products containing insects. The va-
riety of ingredients used in the preparation of bars was
aimed at increasing the acceptance of bars with insects
and familiarizing a young Polish consumer with them.
This experiment was an attempt to use the well-known
oat bar as a base to add edible insects.
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