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Abstract: Edible insects (EIs) have recently gained attention as an alternative and more sustainable 

food, emerging as an alternative to other protein foods with higher environmental impacts, like bovine 

meat. EIs contain a valuable composition of macro and micronutrients, important for human nutrition. 

Nevertheless, their consumption is not yet widespread in Western countries, such as in Europe. This 

work aimed to study how consumers in three different European locations perceive the role of EIs in 

human nutrition. Data collection was carried out by a questionnaire survey in three countries (Croatia, 

Lithuania, and Portugal), and 1723 participants were included in the study. For the treatment of the 

data, SPSS software was used, and chi-square tests and tree classification analysis were performed. 

The results showed that for all the statements presented to the participants, significant differences were 

found in information about EIs according to country. The results further highlighted that the 

participants were better informed about the high protein content of EIs, while not being well informed 

about their possible anti-nutritive effects. Tree classification revealed that the most important 
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discriminating variable was country, with Lithuanian participants being better informed than those 

from Portugal or Croatia. 
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1. Introduction  

A great diversity of insects have been consumed since ancient times by people from many cultures 

around the world, most especially in developing countries where edible insects (EIs) constitute a part 

of the gastronomic culture, being even considered a delicacy [1]. The practice of eating insects is 

termed entomophagy and, in the present day, has been gaining attention in both developed and 

developing countries [2]. Entomophagy played a vital role in the evolution of hominids, being present 

in different parts of the world. The association of man with insects is of great significance, not only as 

a food source. Entomophagy provides insights into the sustainability of local livelihoods, 

vulnerabilities, food culture, and ecology. Entomophagy is more present in the East, and it is suggested 

that the loss of eating insects as part of dietary patterns in the West might be related to seasonality and 

possible religious issues. In Asian, African, and Latin American countries, eating insects has been part 

of traditional customs. Their significance is not only cultural but also nutritional, economic, and social, 

providing accessible means of livelihood [3–6]. In fact, the perception that eating insects was 

characteristic of “poor undeveloped people” has led to a low acceptability among people in developed 

countries. Nevertheless, this negative image has been quickly changing in recent years, and EIs are 

becoming trendy sustainable food [7,8]. The consumption of EIs has become a new food trend, 

particularly since 2013 when the Food and Agriculture Organization of the United Nations (FAO) 

published a report about the role of EIs in mitigating food insecurity and highlighting their nutritional 

value [9]. 

EIs can be consumed whole or processed, for example, into flour, which is then incorporated into 

other food items, with good nutritional value. However, processing technologies impact both the 

nutritional value and possible safety risks [10]. 

EIs constitute a potential food source since they contain macro and micronutrients while also 

having environmental and economic advantages. Insect-based food can have equal or even higher 

nutritional value when compared to those from birds, mammals, or fish [11,12]. EIs contain 

appreciable amounts of protein, lipids, carbohydrates, and certain minerals and vitamins [12]. 

Additionally, according to Hui et al. [13], the nutritional value of insects can be manipulated to meet 

specific requirements. Although there are some food safety risks associated with EIs, these are low 

and mostly relate to allergenicity. Additionally, the presence of bioactive compounds in EIs may 

contribute to a reduction in health risks [13]. EIs contain antioxidant peptides and exhibit antimicrobial 

activity, fat reduction capacity, and protection against hypertension [13,14].  

Given that the consumption of insects is not yet very common in Europe despite them being 

recommended by FAO as sustainable sources of protein from animal origin, incentivizing their 

consumption might be achieved through a better understanding of their nutritional richness. Hence, 

this study focused on the knowledge among participants from three European countries: Portugal 

(situated in the Iberian Peninsula, on the Atlantic coast), Croatia (situated in Southern Europe on the 

Adriatic coast of the Mediterranean Sea), and Lithuania (Situated in Northern Europe, in the Baltic 
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Sea coast). The aim was to compare the level of information between participants from these countries, 

which, although being all European, are geographically apart.  

2. Materials and methods 

2.1. Instrument 

This work was conducted using a questionnaire survey within the scope of the EISuFood 

international project. The instrument was validated in previous work [15], and ethics approval was 

obtained from the Ethics Committee of the Polytechnic University of Viseu (Ref. Nº 45/SUB/2021). 

This research describes a transversal descriptive study that targeted adult individuals from three 

European countries: Portugal, Croatia, and Lithuania. The questionnaire contained ten questions to 

investigate whether the participants were or were not informed about the nutritional value of EIs. The 

participants had to answer the following questions using a 5-point central Likert scale: 1 = strongly 

disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, and 5 = strongly agree [16]: 

1. Insects have poor nutritional value. 

2. Insects are a good source of energy. 

3. Insects have a high protein content. 

4. Insect proteins are of poorer quality compared to other animal species. 

5. Insects provide essential amino acids necessary for humans. 

6. Insects contain group B vitamins. 

7. Insects contain dietary fiber. 

8. Insects contain minerals of nutritional interest, such as calcium, iron, and magnesium. 

9. Insects contain fat, including unsaturated fatty acids. 

10. Insects contain anti-nutrients, such as oxalates and phytic acid. 

2.2. Participants and data collection 

This was a transversal descriptive study applied to adult individuals aged 18 years or older. The 

questionnaire was translated into the native languages (Portuguese, Lithuanian, and Croatian) before 

being distributed to the participants in the three countries selected for the study. The survey was 

conducted through online tools, specifically Google Forms®. The invitation to participate in the study 

was distributed on social networks, and the link was posted by email from July to November 2021.  

Only adults who voluntarily agreed to participate were able to access the questionnaire to respond, 

and there was no monetary reward involved. 

All ethical considerations were scrupulously considered when constructing the questionnaire and 

collecting the data, namely those from the American Psychological Association (APA) Ethical 

Guidelines for Research Involving Human Subjects and the Declaration of Helsinki.  

2.3. Data analysis 

Data were analyzed using basic descriptive statistics, complemented with other statistical tools as 

contingency tables and chi-square tests. To assess the strength of the associations between categorical 

variables the Cramer’s V coefficient was calculated, which varies from 0 to 1; for V ≈ 0.1, the 
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association is considered weak; for V ≈ 0.3, the association is moderate; and for V ≈ 0.5 or over, the 

association is strong [17]. 

The relative influence of the sociodemographic variables on the level of information was assessed 

by means of tree classification analysis. For this, a classification and regression trees (CRT) algorithm 

was used with cross-validation [18]. The minimum change in improvement was equal to 0.001, and 

the minimum number of cases for parent and child nodes was established as 20 and 10, respectively. 

The software used for data analysis was SPSS (Version 28) from IBM Inc. (Armonk, NY, USA), 

and the level of significance considered was 5% (p < 0.05).  

3. Results 

3.1. Sociodemographic characterization of the sample  

Figure 1 shows the spatial distribution across Europe of the three countries selected for the study: 

Portugal, close to the Atlantic Ocean, Croatia in the Southern European Mediterranean coast, and 

Lithuania, in the North of Europe, facing the Baltic Sea. The total number of participants in the study 

was 1723, distributed as follows: 38.8% Croatian, 30.6% Portuguese, and 29.6% Lithuanian. 

 

Figure 1. Geographical distribution of the countries considered for the study (total number 

of participants, N = 1723). 

Figure 2 presents the distributions of the participants according to the groups defined for the 

sociodemographic variables considered: gender, age, and education. For the definition of the age 

classes, the following intervals were considered: 18–31 years old—young adults; 31–50 years old—

adults; and 51 or more years old—senior adults. Most of the participants were female (60.3%), young 
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adults (aged between 18 and 30 years) (48.3%), and those who had an under-university level of 

education (49.6%). 

 

Figure 2. Sociodemographic characterization of the participants (N = 1723). 

3.2. Country differences in agreement about nutritional facts of EIs 

The results in Table 1 refer to the cross-tabulation between the variable country and the responses 

given by the participants to the ten questions regarding nutritional facts related to EIs. It can be 

observed that for all questions, significant differences were encountered between participants 

according to country. Nevertheless, the strength of the associations was variable, with most questions 

having a low association between responses and country but with some questions presenting a value 

of Cramer’s coefficient that can be considered moderate (Q7: V = 0.265; and Q6: V = 0.223). These 

two questions refer to the presence of dietary fiber and vitamins of the B group in EIs, respectively. 

The highest agreement was found for the true questions Q3 (EIs being rich in protein) and Q2 (EIs 

being a source of energy). The two questions that were given as false statements showed a high 

percentage of responses of disagreement or strong disagreement, revealing that the participants were 

able to detect that the question was false: Q1 (EIs having poor nutritional value) and Q4 (EIs having 

poor quality proteins). 

Table 1. Crosstabs and chi-square tests for country differences for the responses to the 

questions about the nutritional value of EIs. 

Country Level of agreement1 (% of answers) Chi-square test2 

1 2 3 4 5 p-value V 

Q1. Insects have poor nutritional value.* 

Portugal 23.5 30.0 39.3 4.7 2.5 <0.001 0.157 

Croatia 19.8 22.6 34.0 16.5 7.1 

Lithuania 21.0 36.5 28.8 10.6 3.1 

Q2. Insects are a good source of energy. 

Portugal 4.4 6.5 42.7 32.3 14.1 <0.001 0.167 

Croatia 10.9 14.1 34.0 29.2 11.8 

Lithuania 5.3 15.1 23.1 34.1 22.4 

Continued on the next page 



926 

AIMS Agriculture and Food  Volume 9, Issue 3, 921–933. 

Country Level of agreement1 (% of answers) Chi-square test2 

1 2 3 4 5 p-value V 

Q3. Insects have high protein content. 

Portugal 3.4 2.8 37.6 35.1 21.1 <0.001 0.181 

Croatia 8.0 9.9 29.7 35.3 17.1 

Lithuania 2.5 3.3 20.8 41.4 32.0 

Q4. Insect proteins are of poorer quality compared to other animal species.* 

Portugal 12.0 25.0 51.8 7.4 3.8 <0.001 0.158 

Croatia 8.5 21.0 46.9 15.9 7.7 

Lithuania 19.8 28.4 32.4 12.4 7.0 

Q5. Insects provide essential amino acids necessary for humans. 

Portugal 2.8 3.6 60.3 23.7 9.5 <0.001 0.179 

Croatia 8.3 14.9 51.2 18.4 7.3 

Lithuania 6.5 15.9 37.1 25.1 15.5 

Q6. Insects contain group B vitamins. 

Portugal 2.8 4.2 72.9 14.4 5.7 <0.001 0.223 

Croatia 8.9 8.0 59.6 18.6 4.8 

Lithuania 5.1 17.8 38.0 27.8 11.2 

Q7. Insects contain dietary fiber. 

Portugal 3.4 7.0 62.3 20.5 6.8 <0.001 0.265 

Croatia 10.5 8.9 58.9 17.3 4.4 

Lithuania 7.0 10.4 25.9 35.9 20.8 

Q8. Insects contain minerals of nutritional interest, such as calcium, iron, and magnesium. 

Portugal 3.0 4.6 63.0 22.6 6.8 <0.001 0.178 

Croatia 7.7 10.1 52.7 23.7 5.8 

Lithuania 4.7 11.8 35.5 34.5 13.5 

Q9. Insects contain fat, including unsaturated fatty acids. 

Portugal 5.1 10.6 67.4 12.9 4.0 <0.001 0.211 

Croatia 8.6 14.6 56.6 15.5 4.5 

Lithuania 6.5 19.8 32.9 28.4 12.4 

Q10. Insects contain anti-nutrients, such as oxalates and phytic acid. 

Portugal 5.3 6.1 77.1 8.5 3.0 <0.001 0.171 

Croatia 6.9 11.4 62.2 14.4 5.1 

Lithuania 7.0 11.8 62.4 14.2 4.6 
1Five-point Likert scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5 = strongly agree. 2Significance of 

the chi-square test is 5% (p < 0.05); V = Cramer’s coefficient, only if the p is significant. *Questions marked with an 

asterisk are false. 

3.3. Association between information about the nutritive value of EIs and sociodemographic variables  

The questions that were given as false statements (Q1 and Q4) were reversed in order to have 

all ten questions on the same scale—a five-point Likert scale—where the highest value 

corresponded to the highest level of information. After this, the ten questions were recoded into 

the following parameters: “Informed” participants (those who responded with scores 4 and 5) and 
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“not informed” participants (those who scored 1, 2, or 3).  

Figure 3 presents the percentage of informed participants for all ten questions, considering the 

global sample. The results clearly indicate the questions for which the level of information is highest: Q3 

(59.7% of participants were informed), Q1 (30.3%), and Q2 (47.2%), as well as those for which the level 

of information was lowest: Q10 (only 18.9% of informed participants), Q9 (25.3%), and Q6 (27.0%). 

 

Figure 3. Percentage of informed participants considering the global sample (N = 1723). 

Table 2. Crosstabs and chi-square tests for country differences regarding the level of 

information about the nutritional value of EIs. 

Question % of informed participants Chi-square test1 

Portugal 

(N = 527) 

Croatia 

(N = 686) 

Lithuania 

(N = 510) 

p-value V 

Q1 53.5 42.4 57.5 <0.001 0.131 

Q2 46.5 41.0 56.5 <0.001 0.128 

Q3 56.2 52.3 73.3 <0.001 0.183 

Q4 37.0 29.5 48.2 <0.001 0.160 

Q5 33.2 25.7 40.6 <0.001 0.132 

Q6 20.1 23.4 39.0 <0.001 0.178 

Q7 27.3 21.7 56.7 <0.001 0.318 

Q8 29.4 29.5 48.0 <0.001 0.178 

Q9 16.9 20.3 40.8 <0.001 0.233 

Q10 11.6 19.5 25.5 <0.001 0.139 
1Significance of the chi-square test is 5% (p < 0.05); V = Cramer’s coefficient, only if the p is significant. 
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Table 2 shows the results of cross-tabulation between the variable country and the level of 

information of the participants about the nutritive value of EIs. The results showed significant 

differences between countries for all questions, with low-to-moderate associations. The question with 

the highest association between information and country was Q7 (V = 0.318) about EIs containing 

edible fiber. It was further observed that for all ten questions, the participants from Lithuania were the 

most informed, with percentages always higher than those of Portuguese or Croatian samples. 

 

Figure 4. Tree classification for the level of information according to sociodemographic variables. 

A global level of information was calculated for each participant as the sum of the scores in all 

ten questions. Hence, the final score scale for each participant is as follows: not informed (sum up to 

4 points, corresponding to participants who answered correctly to less than half of the questions), 

informed (sum between 5 and 7 points, corresponding to 5–7 questions answered correctly), and well 

informed (sum between 8 and 10 points, for participants who answered correctly at least eight of the 

ten questions). These data were analyzed for the relative importance of sociodemographic variables 

(country, age, gender, education) on the level of knowledge by a tree classification analysis, whose 

results are shown in Figure 4. The obtained tree has three levels and nine nodes, of which five are 
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terminal. From the four independent variables included in the analysis (country, age, gender, and 

education), only three were found to influence the level of knowledge, so the variable age class was 

excluded. The risk estimate was 0.381 with a standard error of 0.012 for re-substitution and 0.384 with 

a standard error of 0.012 for cross-validation. It was further observed that the obtained model has an 

associated probability of correctly predicting the cases according to the class of knowledge equal to 

61.9%. The information of the initial node (node 0) indicated that globally, 61.6% of participants were 

not informed, 25.3% were informed, and only 13.1% were well informed, considering the whole set 

of ten questions. The first discriminating variable was found to be country, thus confirming the strong 

influence of this variable on the information of participants, separating the Lithuanian participants 

from those of the two other countries, as previously reported. Considering the whole set of questions, 

the Lithuanian participants revealed a lower percentage of not-informed participants (46.1%) than 

participants from other countries (68.5% of not-informed). In the next level, and regardless of country, 

the second discriminating variable was education, and in the final level, the next discriminating 

variable was gender. 

4. Discussion 

The work by Sheafer et al. [19] highlighted the positive association between nutrition knowledge 

and diet quality among US Army soldiers. Also, Elmskini et al. [20] reported that higher nutrition 

knowledge directly impacts body weight and health status. Similar works relate knowledge with a 

better quality diet and improved health status [21–24]. 

Although nutritional knowledge has a direct positive impact on food choices, leading to healthier 

food consumption and better health status, it is also reported that knowledge can shape peoples’ food 

choices toward more sustainable diets. Many studies indicate that better knowledge is positively 

associated with dietary patterns that bear a lower environmental impact and footprint [25–27]. 

In the present study, participants were more informed about the following subjects, in decreasing 

order: Q3 (insects have high protein content), Q1 (insects have poor nutritional value—false), and Q2 

(insects are a good source of energy). Hence, participants were aware of EIs richness in proteins, 

energy, and nutritional value, even though this last statement was given as a false statement, which the 

respondents identified as not true. Scientific evidence supports the nutritional facts about EIs, namely 

their high protein content and diversity and quality of amino acids [28,29]. Also, research has pointed 

out the technological functionality of proteins from EIs, as highlighted in the work by Queiroz et al. [29], 

as well as their biofunctionalities, as reported by Nolan et al. [30]. With respect to the nutritional value 

of EIs, many studies support their richness in several macro and micronutrients as well as bioactive 

compounds. Sánchez-Estrada et al. [31] reviewed the nutritional and bioactive compounds of EIs as 

well as their biological activities, especially protein, lipids, carbohydrates, minerals, vitamins, and 

bioactive molecules like phenolic compounds.  

The questions where participants showed the least knowledge were Q10 (insects contain anti-

nutrients, such as oxalates and phytic acid), Q9 (insects contain fat, including unsaturated fatty acids), 

and Q6 (insects contain group B vitamins). Sánchez-Estrada et al. [31] reported the possible presence 

of some components with antinutritional effects, like hydrocyanide, oxalates, soluble oxalate, and 

phytate, in EIs. However, these phytochemical components can negatively affect humans through 

allergenic reactions or reduced nutrient viability, but only when consumed in high amounts and/or for 

long periods of time [31]. As such, it is not expected that consumption of EIs as part of a varied diet 
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will have a particular impact on the availability of nutrients. Still, higher care must be given to the 

potential allergenicity of some components present in EIs as these can have a higher effect on 

vulnerable people. Verhoeckx and Heijer [32] stated that EIs with potential allergenic effects include 

mealworms, mopane worms, bee larvae, and silkworms. 

The results of the present work indicate that the major sociodemographic variables influencing 

the level of information were country, education, and gender. Although there are no specific studies 

about the information related to nutritional facts of EIs, many other studies published in the scientific 

literature relate differences in nutritional knowledge in general according to sociodemographic 

variables. Le Turc et al. [33] identified significant differences in the knowledge about the dietary 

relevance of fruits and vegetables according to country, gender, and education. Guiné et al. [34] 

examined consumers’ knowledge about breakfast and identified the country as the second most 

important discriminating variable, followed by gender and education. On the other hand, a study 

focusing on knowledge about edible flowers revealed that the major sociodemographic variable 

influencing consumers’ level of information was education, followed by country [18].  

Research clearly indicates that knowledge is very closely associated with food choices and dietary 

patterns, shaping consumers’ attitudes toward food, with a direct impact also on their well-being and 

health status [35–38]. 

5. Conclusions 

The results revealed that, for all ten questions regarding the nutritive value and risks of Eis, 

significant differences were found between the participants from the three countries. Concerning the 

associations between country and the questions, higher associations were found (i.e., higher values of 

the Cramer’s coefficient) for questions about EIs containing dietary fiber, vitamins of group B, and 

unsaturated fatty acids. It was also observed that, in general, participants were more informed about 

the high protein content of EIs while being less informed about their possible components with anti-

nutrient effects, such as oxalates and phytic acid.  

Regarding the association between the level of information and sociodemographic variables, 

significant differences were also found, with the highest association for questions about dietary fiber 

and unsaturated fatty acids. A tree classification showed that the first discriminating variable for the 

level of information was country, followed by education and then gender. Concerning the variable 

country, the participants who were more informed were those from Lithuania, while regarding gender, 

the more informed were female participants. In what concerns education, apparently, a higher level of 

education was not unequivocally associated with higher information about the nutritional facts of EIs.  

In conclusion, this work showed that, despite the participants being all from European countries, 

a high level of differences was still observed according to country. This might be useful to plan national 

strategies in each country to help citizens be more informed about the nutritional value and 

implications of EIs consumption, which has been suggested as a more sustainable source of protein 

than other animal sources and could constitute a complement to the diet of European populations.   

Use of AI tools declaration  

The authors declare they have not used Artificial Intelligence (AI) tools in the creation of this 

article. 



931 

AIMS Agriculture and Food  Volume 9, Issue 3, 921–933. 

Acknowledgments  

This work was supported by the FCT—Foundation for Science and Technology (Portugal). 

Furthermore, we would like to thank the Research Centres CERNAS (Ref: UIDB/00681/2020; DOI: 

10.54499/UIDB/00681/2020), CIDEI (Ref: UIDB/05507/2020; DOI: 10.54499/UIDB/05507/2020), 

UCISA:E (Ref: UIDB/007421/2020; 10.54499/UIDB/00742/2020), and the Polytechnic University of 

Viseu for their financial support.  

This work was developed in the ambit of the project EISuFood (Ref. CERNAS-IPV/2020/003), 

of the CERNAS-IPV Research Centre (Ref: UIDB/00681/2020; Doi: 10.54499/UIDB/00681/2020 & 

Ref: UIDP/00681/2020; Doi: 10.54499/UIDP/00681/2020) of the Polytechnic University of Viseu, 

Portugal. 

Conflict of interest 

The authors declare no conflict of interest. 

Author contributions 

Conceptualization, R.P.F.G., S.G.F., C.A.C., P.M.R.C., M.F., A.P.C., S.C., O.A., E.B., and 

M.M.S.; methodology, R.P.F.G., E.B., and M.M.S.; software, R.P.F.G.; validation, R.P.F.G.; formal 

analysis, R.P.F.G., and S.G.F.; investigation, R.P.F.G., S.G.F., C.A.C., P.M.R.C., M.F., A.P.C., S.C., 

O.A., E.B., and M.M.S.; resources, R.P.F.G., C.A.C., P.M.R.C., M.F., A.P.C., and S.C.; data curation, 

R.P.F.G..; writing—original draft preparation, R.P.F.G.; writing—review and editing, R.P.F.G.. S.G.F., 

C.A.C., P.M.R.C., M.F., A.P.C., S.C., O.A., E.B., and M.M.S.; visualization, R.P.F.G.; supervision, 

R.P.F.G.; project administration, R.P.F.G.; funding acquisition, R.P.F.G., C.A.C., P.M.R.C., M.F., 

A.P.C., and S.C. All authors have read and agreed to the published version of the manuscript. 

Reference 

1. Imathiu S (2020) Benefits and food safety concerns associated with consumption of edible insects. 

NFS J 18: 1–11. https://doi.org/10.1016/j.nfs.2019.11.002 

2. Ramos-Elorduy J (2009) Anthropo-entomophagy: Cultures, evolution and sustainability. Entomol 

Res 39: 271–288. https://doi.org/10.1111/j.1748-5967.2009.00238.x 

3. Lokeshkumar V, Daniel BA, Jayanthi J, et al. (2023) Entomophagy practices among the primitive 

tribes inhabiting the Nilgiris district of Western Ghats, Tamil Nadu, South India. Indian J Tradit 

Knowl (IJTK) 22: 195–201. https://doi.org/10.56042/ijtk.v22i1.42199 

4. Babu S, Singh MOK (2021) Cultural entomology and edible insect diversity in a wetland 

ecosystem: A case study from the Loushi pat basin, Manipur. Indian J Tradit Knowl (IJTK) 20: 

180–190. https://doi.org/10.56042/ijtk.v20i1.29055 

5. Pongener A, Ao B, Yenisetti SC, et al. (2019) Ethnozoology and entomophagy of Ao tribe in the 

district of Mokokchung, Nagaland. Indian J Tradit Knowl (IJTK) 18: 508–515. 

6. Firake DM, Aochen C, Krishnappa R, et al. (2019) Loungu (Carpenter worm): Indigenous 

delicious insects with immense dietary potential in Nagaland state, India. Indian J Tradit Knowl 

(IJTK) 19: 145–151. https://doi.org/10.56042/ijtk.v19i1.30855 



932 

AIMS Agriculture and Food  Volume 9, Issue 3, 921–933. 

7. Tao J, Li YO (2018) Edible insects as a means to address global malnutrition and food insecurity 

issues. Food Qual Saf 2: 17–26. https://doi.org/10.1093/fqsafe/fyy001 

8. Stoops J, Crauwels S, Waud M, et al. (2016) Microbial community assessment of mealworm 

larvae (Tenebrio molitor) and grasshoppers (Locusta migratoria migratorioides) sold for human 

consumption. Food Microbiol 53: 122–127. https://doi.org/10.1016/j.fm.2015.09.010 

9. Huis A, Itterbeeck JV, Klunder H, et al. (2013) Edible insects: Future prospects for food and feed 

security, Rome, FAO. 

10. Liang Z, Zhu Y, Leonard W, et al. (2024) Recent advances in edible insect processing 

technologies. Food Res Int 182: 114137. https://doi.org/10.1016/j.foodres.2024.114137 

11. dos Santos Aguilar JG, Ribeiro LR (2023) Potential of insects as a nutritive food source. Biocatal 

Agric Biotechnol 51: 102762. https://doi.org/10.1016/j.bcab.2023.102762 

12. Carvalho NM, Madureira AR, Pintado ME (2020) The potential of insects as food sources—A 

review. Crit Rev Food Sci Nutr 60: 3642–3652. https://doi.org/10.1080/10408398.2019.1703170 

13. Huis A, Rumpold B, Maya C, et al. (2021) Nutritional qualities and enhancement of edible insects. 

Ann Rev Nutr 41: 551–576. https://doi.org/10.1146/annurev-nutr-041520-010856 

14. da Silva Lucas AJ, de Oliveira LM, Da Rocha M, et al. (2020) Edible insects: An alternative of 

nutritional, functional and bioactive compounds. Food Chem 311: 126022. 

https://doi.org/10.1016/j.foodchem.2019.126022 

15. Guiné RPF, Duarte J, Chuck-Hernández C, et al. (2023) Validation of the scale knowledge and 

perceptions about edible insects through Structural Equation Modelling. Sustainability 15: 2992. 

https://doi.org/10.3390/su15042992 

16. Likert R (1932) A technique for the measurement of attitudes. Arch Psychol 22: 5–55. 

17. Witten R, Witte J (2009) Statistics, NJ, Wiley. 

18. Guiné RPF, Florença SG, Ferrão AC, et al. (2021) Factors affecting eating habits and knowledge of 

edible flowers in different countries. Open Agric 6: 67–81. https://doi.org/10.1515/opag-2020-0208 

19. Sheafer KA, Lee DM, George B, et al. (2023) Nutrition knowledge is associated with diet quality 

among US army soldiers. J Nutr Educ Behav 55: 748–754. https://doi.org/10.1016/j.jneb.2023.07.008 

20. Elmskini FZ, Bouh A, Labyad A, et al. (2024) Increased nutrition knowledge and adherence to the 

Mediterranean diet are associated with lower body mass index and better self-rated general health 

among university students. Hum Nutr Metab 35: 200240. https://doi.org/10.1016/j.hnm.2024.200240 

21. Byrd-Bredbenner C, Piscitelli A (2023) Food preparation knowledge (FPK) is associated with some, but 

not all, indicators of healthy diets. J Acad Nutr Diet 123: A64. https://doi.org/10.1016/j.jand.2023.06.218 

22. Gvamichava R, Baramidze L, Tananashvili D, et al. (2023) P24-056-23 Public health nutrition 

intervention to raise parents’ knowledge on healthy eating and balanced diet: A pilot intervention 

based in Tbilisi, Georgia. Curr Dev Nutr 7: 100347. https://doi.org/10.1016/j.cdnut.2023.100347 

23. Kibayashi E, Nakade M (2023) Effects of economic situation and lifestyle behavior on Japanese 

undergraduates’ healthy diets by nutritional knowledge level. J Nutr Educ Behav 55: 50–51. 

https://doi.org/10.1016/j.jneb.2023.05.113 

24. Eades AD, Knol LL (2005) Differences in healthy eating index scores based on attitudinal and 

belief questions: Diet health and knowledge survey. J Am Diet Assoc 105: 60. 

https://doi.org/10.1016/j.jada.2005.05.211 

25. Morren M, Mol JM, Blasch JE, et al. (2021) Changing diets—Testing the impact of knowledge 

and information nudges on sustainable dietary choices. J Environ Psychol 75: 101610. 

https://doi.org/10.1016/j.jenvp.2021.101610 



933 

AIMS Agriculture and Food  Volume 9, Issue 3, 921–933. 

26. Guiné R, Correia P, Ferreira M, et al. (2020) The impact of food choices on human and animal 

rights protection and environmental sustainability. Millenium-J Educ, Technol, Health 2: 35–43. 

27. Guiné RPF, Bartkiene E, Florença SG, et al. (2021) Environmental issues as drivers for food choice: 

Study from a multinational framework. Sustainability 13: 2869. https://doi.org/10.3390/su13052869 

28. Oliveira LA, Pereira SMS, Dias KA, et al. (2024) Nutritional content, amino acid profile, and protein 

properties of edible insects (Tenebrio molitor and Gryllus assimilis) powders at different stages of 

development. J Food Compos Anal 125: 105804. https://doi.org/10.1016/j.jfca.2023.105804 

29. Queiroz LS, Nogueira Silva NF, Jessen F, et al. (2023) Edible insect as an alternative protein 

source: A review on the chemistry and functionalities of proteins under different processing 

methods. Heliyon 9: e14831. https://doi.org/10.1016/j.heliyon.2023.e14831 

30. Nolan P, Mahmoud AE, Kavle RR, et al. (2023) Chapter 17—Edible insects: Protein composition, 

digestibility, and biofunctionalities. In: Bhat ZF, Morton JD, Bekhit AE-DA, et al. (Eds.), 

Processing Technologies and Food Protein Digestion, Academic Press, 429–494. 

https://doi.org/10.1016/B978-0-323-95052-7.00020-0 

31. Sánchez-Estrada M de la L, Aguirre-Becerra H, Feregrino-Pérez AA (2024) Bioactive compounds 

and biological activity in edible insects: A review. Heliyon 10: e24045. 

https://doi.org/10.1016/j.heliyon.2024.e24045 

32. Verhoeckx KCM, den Heijer Y (2024) Food allergy to edible insects. Reference Module in Food 

Science, Elsevier. https://doi.org/10.1016/B978-0-323-96018-2.00150-4 

33. Le Turc N, Silva AJ, Florença SG, et al. (2024) Consumer knowledge about dietary relevance of 

fruits and vegetables: A study involving participants from Portugal and France. Nutrients 16: 287. 

https://doi.org/10.3390/nu16020287 

34. Guiné RPF, Gonçalves C, Carpes ST, et al. (2023) Breakfast habits and knowledge: Study 

involving participants from Brazil and Portugal. Open Agric 8: 20220150. 

https://doi.org/10.1515/opag-2022-0150 

35. Ferrão AC, Correia P, Ferreira M, et al. (2019) Perceptions towards healthy diet of the Portuguese 

according to area of work or studies. Zdr Varst 58: 40–46. https://doi.org/10.2478/sjph-2019-0005 

36. Georgescu IM, Rus VA, Tarcea M, et al. (2019) Population preferences for sources that offers 

information about dietary fibres health effects—An international cross-sectional survey. J Pak 

Med Assoc 69: 985–990. 

37. Mulík S, Hernández-Carrión M, Pacheco-Pantoja SE, et al. (2024) Endemic edible flowers in the 

Mexican diet: Understanding people’s knowledge, consumption, and experience. Future Foods 9: 

100374. https://doi.org/10.1016/j.fufo.2024.100374 

38. Alkhalifa FM, Abu Deeb FA, Al-Saleh WM, et al. (2023) Knowledge of and behaviors toward a 

gluten-free diet among women at a health sciences university. J Taibah Univ Med Sci 18: 1567–

1576. https://doi.org/10.1016/j.jtumed.2023.07.012 

© 2024 the Author(s), licensee AIMS Press. This is an open access 

article distributed under the terms of the Creative Commons 

Attribution License (https://creativecommons.org/licenses/by/4.0) 


