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Abstract

The marketing of insect-derived protein has led to the development of respective legal regu-

lations on such insects-based foods in the European Union. Despite the interest in the area

of insect-based food, European researchers have paid relatively little attention to consumer

attitudes and behaviors towards such products or the factors that may affect them. Attempts

undertaken so far in this respect are insufficient; therefore, there is a need to continue and

expand research in this field. The present study attempts to verify the following research

hypotheses: H1. Attitudes towards food containing insects are related to the attributes/char-

acteristics of these products, care for health and the natural environment, and attitudes

towards novelty (neophilic/neophobic); H2. Intentions to purchase food containing insects

can be predicted based on attitudes towards food from insects, product attributes, and atti-

tudes towards environmental health and novelties. An empirical study was conducted

among university students (N = 1063) by an indirect interview method using a specially

designed questionnaire, via an online platform (Computer-Assisted Web Interview, CAWI)

in November 2023. The questionnaire was validated by assessing the construction validity

and estimating the reliability of the scales used. The study results demonstrated that the

attributes of insect-based food products can influence the positive attitudes towards them

and behavioral intentions to consume them, and that the strength of the impact of health

quality traits is far greater than that of the organoleptic or functional traits. A negative, statis-

tically significant value of the correlation coefficient between neophobic attitude and inten-

tion to purchase this type of food was observed. Thus, respondents without food neophobia

were characterized by a positive attitude towards the purchase of foods containing edible

insects in their composition.
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1. Introduction

Foods and dishes made from insects are particularly valued by certain consumers in Asian

countries, especially in parts of China, Thailand, and India, and also in parts of Latin America

and Africa [1–13], where their consumption is not only based on traditions and dietary prefer-

ences but is also trendy. In turn, over the last few years, the European Union (EU) countries

have expressed a growing interest in pursuit of alternative high-protein foods. This pursuit has

led to the emergence of a new niche on the agri-food market and an increased interest in

insect-derived protein. Production of insect protein can offer an attractive alternative to the

costly production of animal protein, which is important due to the demographic explosion

and the need to feed a growing human population. In addition, insects represent a source of

excellent-quality feed for livestock [14] and a source of protein-, vitamin-, and mineral-rich

human food [15,16]. The marketing of insect-derived protein has led to the development of

respective legal regulations on the use of insects in the EU. Pursuant to Implementing Regula-

tions (EU Commission) 2022/188 (of 10 February 2022) and 2023/5 (of 3 January 2023)

[17,18], the EU Commission together with the European Food Safety Authority (EFSA) has

approved the introduction of the frozen, dried, and powdered forms and partially skimmed

powder made from house crickets (Acheta domesticus) into the consumer food market,

towards the enrichment of confectionery, baked goods, beverages, and other food products,

including corn meal-based snack products and snacks other than potato chips. The EU list of

novel foods currently includes three types of insects: mealworm (Tenebrio molitor)—dried lar-

vae; migratory locust (Locusta migratoria)—frozen, dried, and powdered forms; and the previ-

ously mentioned house cricket (A. domesticus)—frozen, dried, and powdered forms.

The available scientific literature highlights many benefits, including health, environmental,

and economic ones, that stem from the production and consumption of insect-based food and

dishes [19–23]. In addition, the insect food is indicated as the so-called sustainable food cate-

gory, as it is an excellent source of protein, lipids, minerals and vitamins [24–26]. At the same

time, it contains large amounts of fiber-like chitin polysaccharides, which can cause a feeling

of satiety for a sufficiently long time and ensure prolonged time until the next meal [22,27–29].

Insects also contain antioxidative compounds [30], essential amino acids [31], and polyunsatu-

rated fatty acids [32]. The ingredients of edible insects can improve gut health, exert anti-

inflammatory and antioxidative effects, and reduce the risk of development of cardiovascular

diseases. Vitamins and minerals found in insects contribute to proper mental development

and bone health [33]. From the standpoint of sustainable development and environmental

protection, breeding and processing insects is also associated with many environmental bene-

fits as it, i.a., requires less area and smaller water consumption than conventional production,

generates lower greenhouse gas emissions than mass production, and may use waste from the

agri-food industry as inputs to produce food and feedstuffs, which further corresponds to the

current trends of "zero waste" and "circular economy" [5,9,34–38]. Beside the environmental

aspect, insect production ensures a higher feed conversion ratio compared to the conventional

animal production [23,39–41]. The production of food containing insects is also economically

viable. A literature overview has shown that the sales prices of insects are very diverse and

depend on many factors, including: insect species, product type (larva, pupae, adult), forms of

sales (fresh, processed–processing requires additional costs), type of market (sales prices of

food products intended for human consumption are higher than for feed or pet food, which is

due to higher quality requirements set for food products), and large differences in operating

costs (e.g., water, electricity, labor, etc., and feed for insects) particularly between western and

non-western countries where insect sales prices are relatively low [42,43]. The possibility of

composing lower-cost diets due to the lower prices of insect protein than of the protein from
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conventional meat production is another economic benefit of insect food production [21,22].

However, it should be emphasized that this type of production requires establishing the precise

cost estimates, including veterinary care, as well as generates concerns for food safety control

and consumer acceptance assessment.

A review of the literature on insect food [44–56] has shown that the number of scientific

publications in this field has increased dynamically over the last dozen or so years. In Europe,

the subject matter has been undertaken by scientific and research centers in Belgium [44],

Denmark [48,54], Germany [47,49], Portugal and Norway [53], and Italy [50]. The following

areas of research interest can be distinguished within the works published in English-language

literature that addresses food and dishes made from insects:

• the nutritional and feeding value of insect protein [57–59],

• the process of enriching food products with insect-derived protein [60–67],

• the motives of consumers when deciding to purchase food and dishes made from insects

and assessing the degree of acceptance of products with added insects, e.g., bread [60], beef

burgers and green lentils [44], jellies [7], protein energy bars [68], pasta [69,70], and oat

cakes [71],

• the nutritional and environmental benefits and safety of insect consumption as a novel food

source [72–76].

Despite the interest in the area of insect-based food, researchers have paid relatively little

attention to consumer attitudes and behaviors towards these products and the factors that may

affect them. Attempts undertaken so far in this respect should be deemed insufficient; there-

fore, there is a need to continue and expand research in this field. Many innovative projects

and concepts related to the development of insect-based food products, including muffins,

pâtés, corn extrudates, pancakes, sponge cake, and bars [23,69,77–81], have been elaborated,

and their results are being implemented across Poland. Nevertheless, there is a cognitive gap

in the Polish and central and eastern European scientific literature in this field. Undertaking

research in this area is therefore justified, both from the standpoint of cognitive values and

future implementation of the results.

This study is distinguished by the fact that it attempts to determine whether the attitudes of

university students (young consumers) towards food containing insect protein and their

declared intentions to purchase it will be related to the following variables (psycho-social

determinants):

• concern for health,

• concern for the natural environment,

• attitude towards novelty (neophilic/neophobic)

• attributes/characteristics relevant to the purchase of novel, innovative food from insects.

The above variables were selected based on an overview of literature data of the subject.

Authors of previous works have claimed that the health-promoting value [82,83] and ethical

motives, including the environmental factors, play an increasingly important role in the deci-

sion-making process among consumers from developed countries. Persons who are concerned

about the environmental degradation are more likely to accept novel types of food if they are

convinced of the beneficial effects to the natural environment [73,84–87]. Factors influencing

the consumer acceptance of insect-containing food, presented in the literature [51,88],

included three categories: product attributes (e.g., price, quality, health benefits/risk,
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naturalness, and convenience of use); trust and social norms; and psychological factors (atti-

tudes and culture). In addition, studies have demonstrated that food neophobia significantly

and negatively affected consumers’ willingness to eat insect-based foods [89–91].

The present study attempts to verify the following research hypotheses:

H1. Attitudes towards food containing insects are related to the attributes/characteristics of

these products, care for health and the natural environment, and attitudes towards novelty

(neophilic/neophobic).

H2. Intentions to purchase food containing insects can be predicted based on attitudes towards

food from insects, product attributes, and attitudes towards environmental health and

novelties.

2. Research methodology

2.1. Subjects

The research results presented in this article derive from a questionnaire survey accomplished

under an inter-university project conducted in five Polish entities offering higher education.

An empirical study was conducted among university students, by indirect interview method

using a custom-designed questionnaire, via an online platform (Computer-Assisted Web

Interview, CAWI) in November 2023. Our study and the survey protocol received positive

written consent from the University Ethics Committee for Research–Krakow University of

Economics (KEBN/71/0044/D26/2023; 2023-10-27). Respondents gave written informed and

voluntary consent to participate in the study and acknowledged the risk factors associated with

participation in the CAWI study. The survey was conducted using the technique of non-prob-

abilistic sample selection–purposeful sampling. Persons who were vegetarians, vegans, and on

a flexitarian diet were excluded from the study. The study participants were persons who

declared that they consumed all foods and did not limit their consumption of meat or animal

products. During the research procedure, 1087 survey questionnaires were collected, and 24

incomplete and incorrectly completed ones were eliminated: 7 persons did not agree to partici-

pate in the study (they did not complete the survey further), 15 persons refused to answer

question about gender, and 2 persons entered very large, unrealistic values in the age field. All

respondents gave their free, informed consent to participate in the survey and were assured of

its anonymity. The structure of the surveyed sample (N = 1063 respondents) is presented in

Table 1.

Women accounted for ca. 61% of the surveyed population. The survey was conducted

mainly among students of the following university profiles: engineering-technical sciences (ca.

40% of all respondents), social sciences (ca. 36%), medical and health sciences (ca. 11%), exact

and natural sciences (ca. 7%); and being inhabitants of the following Provinces: Pomeranian

(ca. 31% of all respondents), Lesser Poland (ca. 23%), Warmian-Mazurian (ca. 17%), and

Mazovian (ca. 6%).

2.2. Questionnaire and data analysis

The research tool was constructed in such a way that the variables analyzed were a source of

data allowing to achieve the assumed research goal and enabling verification of the research

hypotheses under consideration. A set of statements adapted from studies/works by other

authors was used while preparing the survey questionnaire (Table 2), which ultimately con-

tained items related to:

• health attitudes—HA (5 items),
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• environmental attitudes—EA (3 items),

• attitude towards novel food—NF (7 items),

• attributes of novel food: organoleptic traits CA1 (3 items), health quality—CA2 (3 items),

functional traits—CA3 (4 items),

• attitudes towards food made from insects—ATT (4 items),

• intention to purchase food made from insects—PI (5 items).

During the survey, the respondents expressed the level of approval or disapproval of all the

items listed, using a 5-point Likert scale, where the values 1,2 meant: definitely no, no; value 3

denoted an answer: I do not know, I have no opinion; and values 4,5, corresponded to answers:

yes, definitely yes.

The questionnaire was validated by assessing the construction validity and estimating the

reliability of the scales used. The collected empirical material obtained from the research

underwent statistical analysis using the following methods:

Table 1. Characteristics of the study sample (N = 1063).

Variable N % of Total

Gender

women 649 61.05

men 414 38.95

Study profile

engineering-technical sciences 424 39.89

social sciences 382 35.94

medical and health sciences 121 11.38

exact and natural sciences 71 6.68

agricultural sciences 30 2.82

humanities 30 2.82

theological sciences 4 0.38

the arts 1 0.09

Origin (Province)

Pomeranian 331 31.14

Lesser Poland 247 23.24

Warmian-Mazurian 182 17.12

Mazovian 63 5.93

Greater Poland 48 4.52

Subcarpathian 31 2.92

Kuyavian-Pomeranian 30 2.82

Podlaskie 27 2.54

Silesian 21 1.98

West Pomeranian 19 1.79

Lubuskie 18 1.69

Świętokrzyskie 12 1.13

Lublin 10 0.94

Lower Silesia 10 0.94

Łódź 9 0.85

Opole 5 0.47

https://doi.org/10.1371/journal.pone.0300871.t001
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Table 2. Variables and their measuring items.

Variables and their measuring items Source

HA 1.1. The natural character of food products is an important quality attribute to me. Kornher et al.

(2019) [92]1.2. I try to buy organic food products.

1.3. I try to avoid food products containing food additives.

1.4. The quality certificate of purchased food is important to me.

1.5. The natural character of a production method is important to me.

EA 2.1. When buying food, I try to pay attention to the fact how its production affects

the natural environment.

Verbeke (2015)

and Roberts

(1996);

Modlinska

(2021)

[84,91,93]

2.2. I try to avoid food products, whose production has adverse effects on the natural

environment.

2.3. I am interested in the impact of food production on the natural environment.

NF 3.1. I am constantly trying new and different foods. Pliner and

Hobden (1992)

[94]
3.2 I do not trust new, unknown foods.

3.3 I do not try unknown foods.

3.4. I like foods from various national cuisines (ethnic food).

3.5. During parties/when I am out, I enjoy trying new foods.

3.6 I eat almost everything.

3.7. I like trying foods that are new to me.

3.8. The so-called "healthy food" looks too weird for me to eat.

3.9. I am afraid to eat something I have not eaten before.

3.10. I am very picky about the food I eat.

CA1 4.1. Attractive taste. Kornher et al.

(2019)

[92]
4.2. Attractive aroma.

4.3. Attractive appearance.

CA2 4.4. High nutritional value.

4.5. Health claims.

4.6. Nutritional claims.

CA3 4.7. Various assortment and availability in retail.

4.8. Package size and attractiveness.

4.9. Convenience of use.

4.10. Availability of recipes on blogs and websites.

ATT 5.1. I find buying novel food containing insects a good idea. Wang et al.

(2013)

[95]
5.2. I find buying novel food containing insects a wise choice.

5.3. I like the idea of buying novel, innovative food containing insects.

5.4. Buying novel, innovative food containing insects would be nice.

PI 6.1. I would try dishes made from insects or with insect ingredients if I had the

opportunity.

Kornher et al.

(2019); Lee et al.

(2010) [92,96]6.2. I am interested in eating dishes or food/food products made from insects in the

near future.

6.3. If a "novel innovative food" appears on the market containing edible insects

(fresh, frozen, dried, powdered, e.g., flour), which has such attributes as: reduction of

CO2 emissions, nutritional claims, health claims, attractive taste, and high nutritional

value I would be willing to buy it.

6.4. I am willing to buy new food containing edible insects.

6.5. I will make an effort to buy foods containing insect protein in the near future.

Explanatory notes

HA—health attitudes; EA- environmental attitudes; NF—- attitude towards novel food; CA1—attributes of novel

food—organoleptic traits; CA2—attributes of novel food—health quality; CA3—attributes of novel food—functional

traits; ATT—attitudes towards food made from insects; PI- intention to purchase food made from insects.

https://doi.org/10.1371/journal.pone.0300871.t002
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• Exploratory factor analysis and scale reliability analysis based on Cronbach’s α coeffi-

cients. These methods were used at the initial stage of data analysis to assess the validity and

reliability of the scales used in the research tool.

• Spearman correlation analysis. This analysis was used to establish the strength and signifi-

cance of correlations between dependent variables (ATT and PI) and independent variables

(HA, EA, NF, CA1, CA2, and CA3).

• Multiple Regression Analysis (MRA) The MRA made it possible to build a model adjusted

to empirical data, on the basis of which the potential of the examined independent variables

(X) to explain consumer attitudes towards food made from insects and purchase intentions

(Y), was estimated. The results were analyzed statistically using Statistica ver. 13.3.

• Path analysis. It was used to verify a hypothetical structural model depicting the immediate

and intermediate effect(s) of the variables on the intention to purchase food made from

insects. The latent variables of the model included, on the one hand, predictors of attitude

(i.e., statistically significant variables selected on the basis of multidimensional linear regres-

sion analysis) and the attitude, and, on the other hand, the purchase intention. In-depth

model verification was performed using R (ver. 4.1.2) and packages: lavaan (ver. 0.6.16) and

tidySEM (ver. 0.2.4) (Bell Laboratories, New Jersey, USA). The criteria for assessing the qual-

ity of structural models are explicit. The quality of model fit was assessed using the RMSEA

coefficient (Root Mean Square Error of Approximation), the Bentler CFI index (Comparative
Fit Index), and the TLI index (Tucker-Lewis Index) [97,98].

3. Results

The validity and reliability of the measurement were estimated based on factor analysis and

assessment of the internal consistency of individual scales using Cronbach’s α coefficients

(Table 3). The reliability assessment method deployed is one of the most commonly used scale

homogeneity measurement techniques [99,100]. The reliability analysis was based on the cor-

relation coefficients of all items of a given scale with the overall score of the scale. The values of

the Cronbach’s α coefficient range from 0 to 1. The minimal value of Cronbach’s α coefficient

greater than 0.7 was adopted according to the Nunnally’s criterion [101,102]. Outliers, uncor-

related items and those that lowered the value of the reliability coefficient of a given scale were

removed from the research tool. These included items 3.8, 3.9, and 3.10 of the NF scale. All

scales used for further analyses were characterized by high internal consistency, above the

threshold of satisfactory compliance (α> 0.7). Values of Cronbach’s α coefficients (Table 3)

ranged from 0.82 to 0.94. The factor loadings of all items of the scale were above 0.6 (in the

range from 0.65 to 0.97), meeting the criterion posited by Chin et al. [103].

The degree of association between dependent variables and independent variables was

determined in the next stage of the study (Table 4). Statistically significant correlations were

found both between the variable "attitude towards food made from insects" (ATT) and the var-

iables assumed in the model as well as between the variable "intention to purchase food from

insects” (PI) and the examined variables, whereas the strength of these correlations was

observed to vary. In both cases, the values of correlation coefficients indicated moderate and

weak but statistically significant correlations (p< 0.05). The analysis of the ATT demonstrated

it was the most strongly correlated with the variables related to the following attributes of

novel food products: CA1 (r = 0.76), CA2 (r = 0.80), and CA3 (r = 0.77). In contrast, the vari-

ables "environmental attitude" EA (r = 0.22) and "health-promoting attitude" HA (r = 0.08)

were weakly corrected with ATT. Nevertheless, these correlations were statistically significant
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(p< 0.05). In addition, a significant negative correlation (r = - 0.32) was observed between the

variables "attitude towards novelty" NF and "attitude towards food made from insects" ATT.

When considering the correlations between the PI and the other variables, the strongest

Table 3. Measurement model: Reliability and validity.

Construct Measurement item Factor loadings Cronbach α

HA 1.1. -0.73 0.82

1.2. -0.78

1.3. -0.74

1.4. -0.75

1.5. -0.82

EA 2.1. -0.92 0.86

2.2. -0.91

2.3. -0.89

NF 3.1. -0.66 0.83

3.2. -0.65

3.3. -0.66

3.4. -0.65

3.5. -0.77

3.6. -0.71

3.7. -0.82

CA1 4.1. -0.97 0.96

4.2. -0.97

4.3. -0.96

CA2 4.4. -0.91 0.94

4.5. -0.96

4.6. -0.97

CA3 4.7. -0.92 0.93

4.8. -0.88

4.9. -0.93

4.10. -0.88

ATT 5.1. -0.92 0.90

5.2. -0.95

5.3. -0.91

5.4. -0.76

PI 6.1. 0.89 0.94

6.2. -0.93

6.3. -0.95

6.4. -0.86

6.5. -0.83

Abbreviations are defined in Table 2.

https://doi.org/10.1371/journal.pone.0300871.t003

Table 4. Correlations between the attitude and the intention and the analyzed variables.

HA EA NF CA1 CA2 CA3 ATT

ATT 0.08* 0.22* -0.32* 0.76* 0.80* 0.77*
PI 0.12* 0.23* -0.30* 0.59* 0.75* 0.65* 0.80*

Abbreviations are defined in Table 2; *statistically significant correlations (at p< 0.05).

https://doi.org/10.1371/journal.pone.0300871.t004
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statistically significant correlation (r = 0.80) was shown in the case of the variable ATT. There

were also moderate statistically significant correlations between PI and CA1 (r = 0.59), CA2

(r = 0.75), and CA3 (r = 0.65). In turn, the variables HA, EA, and NF were weakly correlated

with PI, with negative linear correlations found between NF and PI.

In order to verify hypotheses H1 and H2, an attempt was made to examine the combined

effect of independent variables on the dependent variables ATT and PI using multiple regres-

sion analysis (MRA). All statistically significant variables (p< 0.05) that correlated with the

attitude (ATT) (Eq 1) and with the purchase intention (PI) (Eq 2) were included in the regres-

sion equation. The analyzed regression equations were as follows:

ATT ¼ f ðHA; EA; NF; CA1; CA2; CA3Þ ð1Þ

PI ¼ f ðHA; EA; NF; CA1; CA2; CA3; ATTÞ ð2Þ

In the next stage of the analysis, models were built and verified in accordance with generally

accepted procedures. The results of the estimation of the model parameters enabled selecting

independent variables which had a significant impact on ATT and PI. Tables 5 and 6 present

the values of parameters related to the models indicating the variables important for the atti-

tudes and the intentions of purchasing novel food from insects. The values of the coefficient of

determination R2 of the proposed models were 0.69 and 0.70, which means that 69% and 70%

of the total variability of the dependent variables ATT and PI, respectively, were explained by

the adopted linear regression models. Thus, these models are characterized by a good fit to

experimental data. According to the results obtained, the variable ATT (Table 5) was the most

strongly influenced by the attributes of new products related to health quality CA2 (β = 0.41,

p = 0.00) and organoleptic attributes CA1 (β = 0.33, p = 0.00), whereas the "functional trait"

variable CA3 exerted a slightly weaker effect (β = 0.11, p = 0.01). In turn, the variables HA, EA

and NF had the weakest influence on the variable ATT (p< 0.05). From the presented model

showing variables important for the intention to purchase new food (Table 6), it appears that

the strongest predictors of the variable PI were: attitudes toward food made from insects ATT

(β = 0.64, p = 0.00) and health quality characteristics of the novel products CA2 (β = 0.59,

p = 0.00). In turn, the variables CA1 and CA3 had a negative impact on PI, which was inter-

preted as reluctance of the persons paying much attention to organoleptic and functional

Table 5. Values of parameters related to the model indicating variables important for attitudes towards insects.

Variables Non-standardized

Coefficients

β

Standard error Standardized coefficients

β
Values

t
p

Intercept term 0.62 0.11 5.42 0.00

HA -0.06 0.03 -0.05 -2.29 0.02

EA 0.08 0.02 0.07 3.47 0.00

NF -0.09 0.03 -0.06 -3.49 0.00

CA1 0.28 0.03 0.33 10.89 0.00

CA2 0.37 0.04 0.41 9.66 0.00

CA3 0.09 0.04 0.11 2.47 0.01

R2 = 0.69 F(6.10) = 391.55 standard error of the estimate = 0.72

p < 0.00

Abbreviations are defined in Table 2.

https://doi.org/10.1371/journal.pone.0300871.t005
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attributes of food to purchase this food. But, the variables HA, EA and NF had no statistically

significant (p< 0.05) effect on the model.

In the next stage of the study, an attempt was made to identify the variables which enabled

predicting the intentions of purchasing food from insects. A path analysis was used to this end.

The results of a multidimensional regression analysis showed that not all variables affected the

intentions of purchasing food from insects. Only those variables that were statistically signifi-

cant (p< 0.05) were included in the model. Fig 1 and Table 7 presents the parameters of the

structural model accepted due to the matching measures of the structural model showing the

intermediate and immediate impact of the variables on the intention to purchase food from

insects. Good model fit was evidenced by the following indicators: RMSEA value not exceed-

ing 0.06; the CFI = 1, which means that the model explains 100% of covariance; and TLI value

level 1.

Our study suggested that the variable most strongly influencing the intentions of purchas-

ing food from insects was related to the health quality of products CA2. That variable affected

intentions both directly (β = 0.53, p = 0.00) and indirectly through attitudes ATT (β = 0.63,

p = 0.00). Furthermore, it was found that the variables organoleptic attributes CA1 (β = -0.16,

p = 0.00) and functional characteristics of the products CA3 (β = -0.20, p = 0.00) had an imme-

diate negative effect on the intentions to purchase food from insects. In turn, these variables

were found to affect indirectly, through attitudes ATT, the purchasing intentions PI at the lev-

els: CA1 β = 0.28, p = 0.00 and CA3 β = 0.09, p< 0.05, respectively. The least dominant vari-

ables with the indirect (through ATT) influence on the variable PI were also HA, EA, and NF.

These variables explained ca. 70% of the total variance (R2 = 0.69) for both ATT and PI (Fig 1).

In addition, the study demonstrated strong correlations between ATT and PI (β = 0.63,

p = 0.00). The proposed structural model offers a highly probable prediction of the intentions

to purchase food from insects PI based on the variable “attitude toward food made from

insects” ATT.

4. Discussion

Analysis of the results of empirical research presented in this manuscript enabled accomplish-

ing the study goal and verifying the research hypotheses. The results of quantitative research

allowed us to propose models indicating variables important for the attitudes and behaviors of

Table 6. Values of parameters related to the model indicating variables important for the intention to purchase food made from insects.

Variables Non-standardized coefficients

β
Standard error Standardized coefficients

β
Values

t
p

Intercept term 0.13 0.11 1.18 0.24

HA 0.02 0.02 0.02 0.78 0.44

EA 0.01 0.02 0.01 0.51 0.61

NF -0.03 0.03 -0.02 -1.04 0.30

CA1 -0.16 0.03 -0.19 -5.99 0.00

CA2 0.51 0.04 0.59 13.50 0.00

CA3 -0.20 0.04 -0.23 -5.41 0.00

ATT 0.63 0.03 0.64 21.09 0.00

R2 = 0.70 F(7.10) = 352.04 standard error of the estimate = 0.69

p < 0.00

Abbreviations are defined in Table 2.

https://doi.org/10.1371/journal.pone.0300871.t006
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young consumers towards food made from insects The models based on multidimensional lin-

ear regression analysis (Tables 5 and 6) and the path analysis (Fig 1), developed using empirical

data, demonstrated that attitudes towards novel products as well as health and environmental

Fig 1. A structural model showing the intermediate and immediate impact of the predictors on the intention to purchase food from insects.

Explanatory notes: Abbreviations are defined in Table 2; *values statistically significant at p<0.05; ***values statistically significant at p<0.001.

https://doi.org/10.1371/journal.pone.0300871.g001

Table 7. Values of parameters related to the structural model.

Variables Standardized β values Standard error Values p
ATT ~

HA -0.06 0.02 -2.29 0.02

EA 0.08 0.02 3.48 0.00

NF -0.09 0.02 -3.50 0.00

CA1 0.28 0.03 10.92 0.00

CA2 0.37 0.04 9.69 0.00

CA3 0.09 0.04 2.47 0.01

PI ~

ATT 0.63 0.03 21.53 0.00

CA1 -0.16 0.03 -6.05 0.00

CA2 0.53 0.04 14.12 0.00

CA3 -0.20 0.04 -5.63 0.00

Abbreviations are defined in Table 2.

RMSEA = 0.00, Comparative Fit Index (CFI) = 1.00, Tucker-Lewis Index (TLI) = 1.00, p = 0.00, R2(ATT) = 0.69, R2(PI) = 0.69.

https://doi.org/10.1371/journal.pone.0300871.t007
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attitudes do not play a significant role in explaining positive attitudes and intentions to pur-

chase food from insects. The survey results proved that food quality characteristics (nutritional

value, health claims, nutritional claims) were predictors of attitudes and behaviors of young

consumers towards food made from insects. The study also showed that the intention to pur-

chase such food can be predicted based on the assessment of the importance of sensory attri-

butes and functional characteristics of these novel products. Thus, the research hypotheses

(H1 and H2) advanced in the study were in part verified positively.

The paucity of data on attitudes and behaviors of young consumers towards insect food

impairs in-depth comparison of the results obtained with other authors’ findings. In the light

of the results obtained, it is also expected that those consumers who value the quality of prod-

ucts certified by the manufacturer will show a more positive attitude towards food from insects

and the willingness to purchase it in the future. Other studies have confirmed that perception

of beneficial features of a product, such as its health and nutritional value, may to some extent

increase consumers’ willingness to try insect-based foods [49,51,88,104–110]. Some authors

[111] have emphasized that sensory attributes of insect-based foods may be the dominant fac-

tors or barriers, depending on the degree of similarity to known foods. Processing insects into

well-known food products promotes their acceptance. A growing interest has recently been

noted in the subject of food neophobia in the acceptance of entomophages, especially in Euro-

pean countries where the concept of eating insects is relatively new [112–114]. One of the stud-

ies addressing this issue [115] demonstrated that persons with lower overall neophobia and a

greater tendency to seek diversity tried food from insects earlier than those from the other

studied groups. Negative effects of food neophobia on the acceptance of insects as food have

also been observed [88] in both developed and developing countries, for example Italy

[7,74,104,114–118], Germany [47,49,119–121], Poland [122], Switzerland [123], Australia [7],

Hungary [46], Taiwan [124], China [106], and Uganda [125]. On the other hand, although the

present study results demonstrated negative correlations between the level of neophobia and

the attitudes and purchase intentions towards food from insects (Table 4), they failed to con-

firm that the neophobic attitudes among young consumers were important in explaining their

positive attitudes and intentions to purchase food from insects. In view of the results obtained,

it seems appropriate to further explore consumer attitudes toward novel foods. The proposed

models, fitted to empirical data, are the starting point for further research. In the future, it

would be necessary to verify the fit of the developed models with empirical data obtained from

a broader range of subjects. In addition, the obtained study results confirm findings from ear-

lier works proving that the attitudes make important prognostic factors of purchase intentions.

The literature works emphasize the high prognostic usefulness of models illustrating the influ-

ence of attitudes on purchasing intentions of buyers [126–131].

Our findings could inform policymakers about potential strategies to promote the adoption

of insect-based foods, such as incentivizing manufacturers to highlight health and environmental

benefits on product labels or providing subsidies for research and development in this area. Fur-

thermore, insights from the study can guide future marketing efforts to effectively communicate

the nutritional and environmental benefits of insect-based foods, to target specific consumer seg-

ments identified as more receptive to such messaging. As such, understanding consumer prefer-

ences can inform product development efforts, guiding manufacturers in optimizing the sensory

attributes and functional characteristics of insect-based food products to better align with con-

sumer expectations. Indeed, educating consumers about the nutritional value, sustainability, and

safety of insect-based foods through targeted educational campaigns could help overcome barri-

ers to acceptance and foster more positive attitudes towards these products.

However, there are some limitations related to the presented study. The research was con-

ducted in a narrow subjective approach and only among university students representing but a
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segment of young buyers. The proposed models, fitted to empirical data, generated the starting

points for further research. In the future, they should be revised in a broader range of subjects.

An additional follow-up longitudinal study could provide deeper insights into how attitudes

and behaviors towards insect-based foods evolve over time. This would help understand the

sustainability of acceptance and consumption patterns, allowing for more robust predictions

and interventions and helping to predict market trends and to inform strategic planning.

5. Conclusions

We identified moderate to weak, but statistically significant, relationships between both atti-

tude and the variables assumed in the model and intention and the variables studied. The

study results demonstrated that the attributes of insect-based food products can influence the

positive attitudes towards them and behavioral intentions to consume them, and that the

strength of the impact of health quality traits is far greater than that of the organoleptic or

functional traits. Intention to purchase food containing insects correlated most strongly with

the purchasers’ attitudes towards insect food. Thus, respondents who did not exhibit food neo-

phobia were characterized by positive attitudes towards purchasing foods containing edible

insects in their composition. The variable that has the strongest effect on the purchase inten-

tions for insect food is the characteristics related to the health quality of the products. This var-

iable affects intentions both directly and indirectly through attitudes. From the proposed

structural model, it is clear that purchase intentions for insect food can be predicted with high

probability from the variable "attitudes towards insect food". As part of further research on

consumer attitudes towards food made from insects in Poland, it is planned to: (a) characterize

potential consumers of food from insects, and (b) identify factors that determine and diminish

the demand for this category of food. Further research in this area seems useful and justified in

order to support sustainable development in the environmental dimensions.
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77. Pauter P, Różańska M, Wiza P, Dworczak S, Grobelna N, Sarbak P, et al. Effects of the Replacement

of Wheat Flour with Cricket Powder on the Characteristics of Muffins. Acta Sci Pol Technol Aliment.

2018; 17:227–233. https://doi.org/10.17306/J.AFS.0570 PMID: 30269462

78. Kowalski S., Mikulec A, Skotnicka M, Mickowska B, Makarewicz M, Sabat R, et al. Effect of the Addi-

tion of Edible Insect Flour from Yellow Mealworm (Tenebrio molitor) on the Sensory Acceptance, and

the Physicochemical and Textural Properties of Sponge Cake. Pol J Food Nutr Sci. 2022; 72:393–

405. https://doi.org/10.31883/pjfns/155405.

79. Mazurek A, Palka A, Skotnicka M, Kowalski S. Consumer Attitudes and Acceptability of Wheat Pan-

cakes with the Addition of Edible Insects: Mealworm (Tenebrio molitor), Buffalo Worm (Alphitobius dia-

perinus), and Cricket (Acheta domesticus). Foods. 2023; 12:1. https://doi.org/10.3390/

foods12010001.

80. Gumul D, Oracz J, Kowalski S, Mikulec A, Skotnicka M, Karwowska K, et al. Bioactive Compounds

and Antioxidant Composition of Nut Bars with Addition of Various Edible Insect Flours. Molecules.

2023; 28:3556. https://doi.org/10.3390/molecules28083556 PMID: 37110790

81. Kowalski S, Gumul D. Oracz J, Rosicka-Kaczmarek J, Mikulec A, Mickowska B, et al. Chemical Com-

position, Antioxidant Properties and Sensory Aspects of Sponge Cakes Supplemented with Edible

Insect Flours. Antioxidants. 2023; 12:1912. https://doi.org/10.3390/antiox12111912 PMID: 38001765

82. Ruby MB, Rozin P, Chan C. Determinants of willingness to eat insects in the USA and India. J. Insects

Food Feed. 2015; 1:215–225. https://doi.org/10.3920/JIFF2015.0029

83. Testa M; Stillo M, Maffei G, Andriolo V, Gardois P, Zotti C.M. Ugly but tasty: A systematic review of

possible human and animal health risks related to entomophagy. Crit Rev Food Sci Nutr. 2017;

57:3747–3759. https://doi.org/10.1080/10408398.2016.1162766 PMID: 27008043

84. Modlińska 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 Rep-

resentative Sample of the Polish Population. Foods. 2021; 10:2420. https://doi.org/10.3390/

foods10102420 PMID: 34681469

85. 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. https://doi.org/10.1016/j.foodqual.2014.07.008.

86. Kostecka J, Konieczna K, Cunha LM. 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. https://doi.org/10.12911/22998993/68301.

87. Gumussoy M, Macmilla C, Bryant S, Hunt DF, Rogers PJ. Desire to eat and intake of ‘insect’ contain-

ing food is increased by a written passage: The potential role of familiarity in the amelioration of novel

food disgust. Appetite. 2021; 161:105088. https://doi.org/10.1016/j.appet.2020.105088 PMID:

33385476

88. Alhujaili A, Nocella G, Macready A. Insects as Food: Consumers’ Acceptance and Marketing. Foods.

2023; 12:886. https://doi.org/10.3390/foods12040886 PMID: 36832961

89. Hartmann C, Siegrist M. Becoming an insectivore: results of an experiment. Food Qual Prefer. 2016;

51:118–122. https://doi.org/10.1016/j.foodqual.2016.03.003.

90. La Barbera F., Verneau F., Amato M. and 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.

https://doi.org/10.1016/j.foodqual.2017.10.002.

91. 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. https://doi.org/10.1016/j.foodqual.2014.07.008.

92. Kornher L, Schellhorn M, Vetter S. Disgusting or Innovative-Consumer Willingness to Pay for Insect

Based Burger Patties in Germany. Sustainability. 2019; 11:1878. https://doi.org/10.3390/su11071878.

93. Roberts JA. Green consumers in the 1990s: Profile and implications for advertising. Journal of Busi-

ness Research. 1996; 36:217–231. https://doi.org/10.1016/0148-2963(95)00150-6.

94. Pliner P, Hobden K. Development of a scale to measure the trait of food neophobia in humans. Appe-

tite. 1992; 19:105–120. https://doi.org/10.1016/0195-6663(92)90014-w PMID: 1489209

95. Wang Y, Wiegerinck V, Krikke H, Zhang H. Understanding the purchase intention towards remanufac-

tured product in closed-loop supply chains: An empirical study in China. Int J Phys Distrib. 2013; 43

(10):866–888. https://doi.org/10.1108/IJPDLM-01-2013-0011.

96. Lee JS, Hsu LT, Han H, Kim Y. Understanding how consumers view green hotels: how a hotel’s green

image can influence behavioral intentions. J Sustain Tourism. 2010; 18(7):901–914. https://doi.org/10.

1080/09669581003777747.

97. Browne MW, Cudeck R. Alternative ways of assessing model fit. Sociol Methods Res. 1992; 21

(2):230–258. https://doi.org/10.1177/0049124192021002005.

PLOS ONE Insect-based foods: Survey of attitudes

PLOS ONE | https://doi.org/10.1371/journal.pone.0300871 March 29, 2024 18 / 20

https://doi.org/10.17306/J.AFS.0570
http://www.ncbi.nlm.nih.gov/pubmed/30269462
https://doi.org/10.31883/pjfns/155405
https://doi.org/10.3390/foods12010001
https://doi.org/10.3390/foods12010001
https://doi.org/10.3390/molecules28083556
http://www.ncbi.nlm.nih.gov/pubmed/37110790
https://doi.org/10.3390/antiox12111912
http://www.ncbi.nlm.nih.gov/pubmed/38001765
https://doi.org/10.3920/JIFF2015.0029
https://doi.org/10.1080/10408398.2016.1162766
http://www.ncbi.nlm.nih.gov/pubmed/27008043
https://doi.org/10.3390/foods10102420
https://doi.org/10.3390/foods10102420
http://www.ncbi.nlm.nih.gov/pubmed/34681469
https://doi.org/10.1016/j.foodqual.2014.07.008
https://doi.org/10.12911/22998993/68301
https://doi.org/10.1016/j.appet.2020.105088
http://www.ncbi.nlm.nih.gov/pubmed/33385476
https://doi.org/10.3390/foods12040886
http://www.ncbi.nlm.nih.gov/pubmed/36832961
https://doi.org/10.1016/j.foodqual.2016.03.003
https://doi.org/10.1016/j.foodqual.2017.10.002
https://doi.org/10.1016/j.foodqual.2014.07.008
https://doi.org/10.3390/su11071878
https://doi.org/10.1016/0148-2963(95)00150-6
https://doi.org/10.1016/0195-6663%2892%2990014-w
http://www.ncbi.nlm.nih.gov/pubmed/1489209
https://doi.org/10.1108/IJPDLM-01-2013-0011
https://doi.org/10.1080/09669581003777747
https://doi.org/10.1080/09669581003777747
https://doi.org/10.1177/0049124192021002005
https://doi.org/10.1371/journal.pone.0300871


98. Garson GD. 2012. Structural Equation Modeling. Blue Book Series. NC Statistical Associates Publish-

ing, Asheboro.

99. Michaelidou N, Hassan LM. The role of health consciousness, food safety concern and ethical identity

on attitudes and intentions towards organic food. Int J Consum Stud. 2008; 32(2):163–170. https://doi.

org/10.1111/j.1470-6431.2007.00619.x.

100. Pieniak Z, Verbeke W, Vanhonacker F, Guerrero L, Hersleth M. Association between traditional food

consumption and motives for food choice in six European countries. Appetite. 2009; 53(1):101–108.

https://doi.org/10.1016/j.appet.2009.05.019 PMID: 19500626

101. Panayides P. Coefficient Alpha. Interpret with caution. Eur J Psychol.2013; 9(4):687–696. https://doi.

org/10.5964/ejop.v9i4.653.

102. Nunnally JC. 1978. Psychometric theory. 2nd ed. McGraw-Hill Book Company, New York.

103. Chin WW, Gopal A, Salisbury WD. Advancing the theory of adaptive structuration: the development of

a scale to measure faithfulness of appropriation. Inform Syst Res. 1997; 8(4):342–367. https://doi.org/

10.1287/isre.8.4.342.

104. Palmieri N, Perito MA, Macrı̀ MC, Lupi C. Exploring consumers’ willingness to eat insects in Italy. Br

Food J. 2019; 121:2937–2950. https://doi.org/10.1108/BFJ-03-2019-0170.

105. Schlup Y, Brunner T. Prospects for insects as food in Switzerland: A tobit regression. Food Qual Pre-

fer. 2018; 64:37–46. https://doi.org/10.1016/j.foodqual.2017.10.010.
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119. Schäufele I, Albores EB, Hamm U. The role of species for the acceptance of edible insects: Evidence

from a consumer survey. Br Food J. 2019; 121:2190–2204. https://doi.org/1010.1108/BFJ-01-2019-

0017.

PLOS ONE Insect-based foods: Survey of attitudes

PLOS ONE | https://doi.org/10.1371/journal.pone.0300871 March 29, 2024 19 / 20

https://doi.org/10.1111/j.1470-6431.2007.00619.x
https://doi.org/10.1111/j.1470-6431.2007.00619.x
https://doi.org/10.1016/j.appet.2009.05.019
http://www.ncbi.nlm.nih.gov/pubmed/19500626
https://doi.org/10.5964/ejop.v9i4.653
https://doi.org/10.5964/ejop.v9i4.653
https://doi.org/10.1287/isre.8.4.342
https://doi.org/10.1287/isre.8.4.342
https://doi.org/10.1108/BFJ-03-2019-0170
https://doi.org/10.1016/j.foodqual.2017.10.010
https://doi.org/10.3390/insects11010010
https://doi.org/10.1016/j.foodqual.2017.02.001
https://doi.org/10.1108/BFJ-11-2017-0645
https://doi.org/10.3920/JIFF2017.0075
https://doi.org/10.1093/jisesa/ieaa120
https://doi.org/10.1093/jisesa/ieaa120
http://www.ncbi.nlm.nih.gov/pubmed/33098432
https://doi.org/10.1108/JCM-12-2020-4289
https://doi.org/10.1111/joss.12077
https://doi.org/10.1016/j.foodqual.2016.12.006
https://doi.org/10.1016/j.foodres.2020.109619
https://doi.org/10.1016/j.foodres.2020.109619
http://www.ncbi.nlm.nih.gov/pubmed/33233207
https://doi.org/10.3390/nu12092498
https://doi.org/10.3390/nu12092498
http://www.ncbi.nlm.nih.gov/pubmed/32824991
https://doi.org/10.14674/1120-1770/ijfs.v476
https://doi.org/10.14674/1120-1770/ijfs.v476
https://doi.org/10.1016/j.foodqual.2017.10.002
https://doi.org/10.1016/j.foodqual.2018.10.001
https://doi.org/10.1016/j.foodqual.2018.10.001
https://doi.org/1010.1108/BFJ-01-2019-0017
https://doi.org/1010.1108/BFJ-01-2019-0017
https://doi.org/10.1371/journal.pone.0300871


120. Orsi L, Voege LL, Stranieri S. Eating edible insects as sustainable food? Exploring the determinants of

consumer acceptance in Germany. Food Re. Int. 2019, 125:108573. https://doi.org/10.1016/j.foodres.

2019.108573.

121. Ruby MB, Rozin P. Disgust, sushi consumption, and other predictors of acceptance of insects as food

by Americans and Indians. Food Qual Prefer. 2019; 74:155–162. https://doi.org/10.1016/j.foodqual.

2019.01.013.

122. Orkusz A, Wolańska W, Harasym J, Piwowar A, Kapelko M. Consumers’ Attitudes Facing Entomoph-

agy: Polish Case Perspectives. Int J Environ Res Public Health. 2020; 17:2427. https://doi.org/10.

3390/ijerph17072427 PMID: 32252454

123. Schlup Y, Brunner T. Prospects for insects as food in Switzerland: A tobit regression. Food Qual Pre-

fer. 2018; 64:37–46. https://doi.org/10.1016/j.foodqual.2017.10.010.

124. Chang HP, Ma CC, Chen HS. Climate Change and Consumer’s Attitude toward Insect Food. Int J

Environ Res Public Health. 2019; 16:1606. https://doi.org/10.3390/ijerph16091606 PMID: 31071928

125. Olum S, Wesana J, Mawadri J, Nakiranda JK, Odongo W. Insects as food: Illuminating the food neo-

phobia and socio-cultural dynamics of insect consumption in Uganda. Int J Trop Insect Sci. 2020;

41:1–10. https://doi.org/10.1007/s42690-020-00309-2.

126. Skallerud K, Wien AH. Preference for local food as a matter of helping behaviour: Insights from Nor-

way. J Rural Stud. 2019; 67:79–88. https://doi.org/10.1016/j.jrurstud.2019.02.020.

127. Yang Z, Sun S, Lalwani AK, Janakiraman N. How does consumers’ local or global identity influence

price-perceived quality associations? The role of perceived quality variance. J Mark. 2019; 83(3):145–

162. https://doi.org/10.1177/002224291882526.

128. Zhang T, Grunert KG, Zhou Y. A values-beliefs–attitude model of local food consumption: An empirical

study in China and Denmark. Food Qual Prefer. 2020; 83,103916. https://doi.org/10.1016/j.foodqual.

2020.103916.

129. Kumar S, Murphy M, Talwar S, Kaur P, Dhir A. What drives Brand love and purchase intentions toward

the local food distribution system? A study of social media-based REKO (fair consumption) groups. J

Retail Consum Serv. 2021; 60,102444. https://doi.org/10.1016/j.jretconser.2021.102444.

130. Majeed MU, Aslam S, Murtaza SA, Attila S, Molnár E. Green Marketing Approaches and Their Impact

on Green Purchase Intentions: Mediating Role of Green Brand Image and Consumer Beliefs towards

the Environment. Sustainability. 2022; 14,11703. https://doi.org/10.3390/su141811703.

131. Maas M, Abebe GK, Hartt CM, Yiridoe EK. Consumer Perceptions about the Value of Short Food Sup-

ply Chains during COVID-19: Atlantic Canada Perspective. Sustainability. 2022; 14(13),8216. https://

doi.org/10.3390/su14138216.

PLOS ONE Insect-based foods: Survey of attitudes

PLOS ONE | https://doi.org/10.1371/journal.pone.0300871 March 29, 2024 20 / 20

https://doi.org/10.1016/j.foodres.2019.108573
https://doi.org/10.1016/j.foodres.2019.108573
https://doi.org/10.1016/j.foodqual.2019.01.013
https://doi.org/10.1016/j.foodqual.2019.01.013
https://doi.org/10.3390/ijerph17072427
https://doi.org/10.3390/ijerph17072427
http://www.ncbi.nlm.nih.gov/pubmed/32252454
https://doi.org/10.1016/j.foodqual.2017.10.010
https://doi.org/10.3390/ijerph16091606
http://www.ncbi.nlm.nih.gov/pubmed/31071928
https://doi.org/10.1007/s42690-020-00309-2
https://doi.org/10.1016/j.jrurstud.2019.02.020
https://doi.org/10.1177/002224291882526
https://doi.org/10.1016/j.foodqual.2020.103916
https://doi.org/10.1016/j.foodqual.2020.103916
https://doi.org/10.1016/j.jretconser.2021.102444
https://doi.org/10.3390/su141811703
https://doi.org/10.3390/su14138216
https://doi.org/10.3390/su14138216
https://doi.org/10.1371/journal.pone.0300871

