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Exploring the prebiotic activity of
edible insect flour: a sustainable
functional food ingredient
Paola Foti , Rosamaria R. Sanfilippo and Flora V. Romeo*

Council for Agricultural Research and Economics (CREA) - Research Center for Olive, Fruit and Citrus
Crops, Acireale, Italy
Edible insect flour, particularly from house cricket (Acheta domesticus) and

mealworms (Tenebrio molitor), is gaining attention as a sustainable and

functional food ingredient due to its high nutritional value and low

environmental impact. The edible insects are considered a source of

micronutrients and protein which play a crucial role as they are involved in

several physiological processes. Moreover, edible insects are also a source of

fatty acids and fiber. Beyond these recognized benefits, insect flour may also

contribute to gut health through potential prebiotic properties. Indeed, several

studies highlighted that insect flour may interact with probiotic bacteria by

modulating their metabolism. In the gut microbiota, Lactobacillus and

Bifidobacterium, the most important genera for their probiotic activities are

known to be susceptible to the action of prebiotics. However, further study is

needed on the strain-dependent response of probiotics to insect flour. These

highlighted activities related to the application of insect flour as food and feed,

underline its functional value beyond its nutritional content, suggesting it as a

new ingredient capable of promoting beneficial gut microbiota.
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Introduction

For the challenge of feeding the world’s population by 2030, the Food and Agriculture

Organization of the United Nations (FAO) has approved the large-scale development of

insect farming. Indeed, in recent years, the FAO has been strongly committed to the “Edible

Insects” program, which aims to promote the use of edible insects in both human nutrition

and animal feed production, with potential health and environmental benefits. According

to the FAO, the consumption of insects as food is an effective strategy to counteract the

rising costs of animal proteins, food insecurity, environmental challenges, responding to

population growth and the resulting increase in protein demand (Tao and Li, 2018).

Currently, entomophagy is most widespread in Asian countries such as Thailand, South

America, and sub-Saharan Africa (Conway et al., 2024). The consumption and trade of

edible insects in developing or underdeveloped Asian countries represent an important

source of income, contributing to economic empowerment and improved living conditions
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(Van Huis, 2022). From an economic point of view, the edible insect

sector is showing rapid and continuous expansion. A report by

Rabo Bank estimates that global demand for insect protein will

increase significantly, from the current 120,000 tons to around

500,000 tons by 2030 (De Jong and Nikolik, 2021). This growth will

be accompanied by a reduction in the cost of production, with the

price per ton of insect protein set to fall, thus promoting greater

accessibility on the market. Furthermore, the report by the

International Platform of Insects for Food and Feed, a European

organization representing companies in the insect sector, predicts a

production capacity of up to 1 million tons of insect flour by 2030,

provided that favorable conditions such as appropriate regulations

are guaranteed. Therefore, investment in the sector could triple,

rising from €1 billion to €3 billion (IPIFF, 2021). In the scientific

field, the topic of insects as a food resource has sparked growing

interest, attracting the attention of numerous research groups. As

shown in Figure 1A, the report obtained from the Web of Science

database using the keywords “insects” and “food” highlights a

strong upward trend, with the number of publications reaching

record levels as early as 2021. This increase demonstrates the

growing importance of the issue in the scientific community and

recognition of the potential offered by entomophagy to address

global challenges related to food security and environmental

sustainability in accordance with the European Food Safety

Authority (EFSA) guidelines. The EFSA has approved the use of

some insects as novel foods, authorizing their use in the European

Union in specific forms. According to EFSA assessments and the

subsequent European Commission acts, the following insects have

been definitively authorized: Tenebrio molitor larvae (mealworms) –

dried; Locusta migratoria (migratory locust) – frozen, dried or

powdered; Acheta domesticus (house cricket) – frozen, dried or

powdered; Alphitobius diaperinus (lesser mealworm) larvae frozen,

paste, dried and powdered forms (Figure 1B).

The Italian government has approved European authorizations

allowing foods made from insects in frozen, dried or powdered form.

Specifically, on 29 December 2023, four ministerial decrees (Ministry of

Agriculture in agreement with the Ministry of Health and Enterprise)

were published in the Italian Official Gazette, introducing specific rules

on labelling and sales methods for these European authorized products.

This decree provides specific regulations such as indicating on the label

the type of insect, the form of the product (e.g. partially defatted, dried

or frozen powder), themaximum quantity (up to 10%) and the country

of origin of the flour. In addition, the information on the label must be

immediately visible, clear and not hidden by other graphic information;

there must be indications of allergenic risks, especially for people with

allergies to crustaceans, mollusks and mites; products containing insect

flour must be sold in separate shelf sections, with dedicated labelling.
Edible insects as novel foods:
nutritional content and value

The growing interest in edible insects as novel food is primarily

due to their high environmental sustainability but also their

significant nutritional value. The edible insects are considered a
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source of micronutrients and protein, with an average protein

content of 40%, ranging from 20% to over 70%, depending on the

insect species (Elhassan et al., 2019). In relation to human health

and well-being, proteins play a crucial role as they are involved in

several physiological processes such as the immune response and

different biochemical reactions. Edible insects, as a food source, can

provide a quantity of essential amino acids that are 76 to 96%

digestible (Tang et al., 2019). The content of essential and semi-

essential amino acids in commonly consumed species is compared

with the recommended daily intake for adults, as established by the

World Health Organization (WHO, 2007) and is found to be in line

with the WHO guidelines for meeting amino acid requirements. In

addition to their protein content, the nutritional value of insects is

also linked to the presence of other substances essential for human

health, such as fats (saturated fatty acids, monounsaturated fatty

acids and polyunsaturated fatty acids), vitamins (A, D2, D3, C, E, K,

thiamine, riboflavin, pantothenic acid, niacin, pyridoxine, folic acid,

D-biotin and vitamin B12), and minerals (iron, zinc, iodine,

calcium, magnesium, sodium, phosphorus, iron and copper). The

active ingredients from edible insects have a variety of beneficial

functional effects on human health including tumor growth

inhibition, immune system modulation, antibacterial, antioxidant

activity, anti-inflammatory properties, regulation of blood glucose

and lipid levels, lowering of blood pressure, modulation of gut

microbiota, and cardiovascular protection (Nowakowski et al.,

2022; Lee et al., 2021).
Edible insects as a new source of
prebiotics?

Due to their protein value and documented health benefits,

insects can play a role as sources of prebiotic compounds capable of

modulating the intestinal microbiota, thus bringing benefits to

human health. The definition of prebiotic has been revised by

Gibson et al. (2017) and refers to a substrate selectively utilized

by host microorganisms that confers health benefits. The authors

provided the conclusions of the consensus panel on prebiotics: (i)

although oral administration is the most common mode of

administration, prebiotics can also be applied to other parts of the

body colonized by microbes (as the skin and vaginal tract); (ii)

prebiotics are substances that, when administered in adequate

amounts over a period of time, provide health benefits to the

host; (iii) the beneficial effects currently recognized mainly

concern the gastrointestinal system, cardiovascular metabolism,

mental health and healthy bones; (iv) although it is difficult to

prove causality with certainty, controlled studies can provide

reasonable evidence of a direct link between prebiotics and

improved health; (v) conventional prebiotics are carbohydrate-

based, but other substances, such as polyphenols and converted

polyunsaturated fatty acids, may fall within the updated definition,

provided they are supported by convincing evidence; (vi) the

beneficial effect must be demonstrated in the target animal or

host and must be mediated by the microbiota. The substances

most used as prebiotics are fructo-oligosaccharides (FOS), galacto-
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oligosaccharides (GOS), trans-galacto-oligosaccharides (TOS),

lactulose and other compounds (Davani-Davari et al., 2019; Scott

et al., 2020). Among the bioactive compounds contained in insects,

chitin, a structural polysaccharide abundant in the exoskeleton of

insects, has attracted considerable interest for its potential role as a

prebiotic (Colamatteo et al., 2025). Chitin is a linear polymer of b-
(1-4)-linked N-acetyl glucosamine and is the most abundant

polysaccharide in nature after cellulose. To date, clinical studies

have reported that orally administered chitin reduces the risk of

cardiovascular disease and may positively influence the immune

system (Dong et al., 2019). Despite the beneficial effect of insects,

chitin and insect derived proteins are under investigation for their

allergenic potential since they can bind to immunoglobulin E (IgE)

and induce immune responses. Several studies in the literature have

demonstrated that most insect-based food processing and

preparation methods were not able to reduce allergenic factors.

Indeed, tropomyosin (the main allergen present in insects) is highly

heat stable, therefore the different processing techniques may

represent a more effective approach to reducing insect derived

allergens (Gunal-Koroglu et al., 2025). In this context, authors

have proposed that the lactic fermentation of insect flour

represents a possible solution to reduce their allergenic potential.

Lactic acid bacteria (LAB), particularly strains from the

Lactobacillus genus, can modify protein structures through their
Frontiers in Industrial Microbiology 03
proteolytic system, breaking down proteins into oligopeptides and

thereby reducing IgE-binding epitopes (Guo et al., 2016).
Scientific evidence from the literature
on insect-derived prebiotics and our
findings

Recent research has shown that chitin derived from crickets

(Acheta domesticus) and pupae of the silkworm (Bombyx mori) and

extracted chitin have been shown to positively influence microbial

biodiversity in an in vitro digestion analysis that simulates the oral,

gastric and intestinal phases, followed by fermentation in anaerobic

bioreactors inoculated with human stools from 10 healthy

volunteers. After simulated digestion and subsequent

fermentation by the gut microbiota, metagenetic analysis revealed

the growth of symbiotic bacteria important for health, such as those

belonging to the Ruminococcaceae and Lachnospiraceae families, or

the Faecalibacterium and Roseburia genera, without altering the

production of short-chain fatty acids (SCFAs) (Refael et al., 2022).

Furthermore, another study (Kipkoech et al., 2021) showed that

cricket-derived chitosan used at different concentrations in

modified media (from 1% to 20%) significantly increased in vitro
FIGURE 1

(A) Records found on Web of Science related to insects and food from 2012 to 2025; 1 (B) Insects approved by EFSA.
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the population of probiotic bacteria Lactobacillus fermentum,

Lactobacillus acidophilus and Bifidobacterium adolescentis (the

name of the genus and species belonging to the previous

taxonomic classification has been shown in accordance with the

quoted reference) and selectively inhibited only the growth of

pathogenic bacteria such as Salmonella/Shigella. Tenebrio molitor

flour has also been studied for its ability to support the growth and

vitality of probiotic bacteria, especially under conditions of

nutritional stress, and to increase the production of SCFAs and

lactate, clear signs of a prebiotic effect that could be exploited in

both human and animal nutrition. In detail, different studies

demonstrated that Tenebrio molitor insect flour and chitosan

oligosaccharides obtained from the same insect have shown

prebiotic activity. In the first study (de Carvalho et al., 2019), the

Tenebrio molitor insect flour was tested in an optimized in vitro

intestinal model, using Lactobacillus and Bifidobacterium cultures

in both monoculture and consortium. The results showed that

Tenebrio molitor insect flour not only has no negative effects on the

viability of probiotics, but also promotes their growth, increasing

the production of SCFAs and lactate, especially under nutritional

stress conditions. This suggests a possible prebiotic effect of

Tenebrio molitor flour. In the second study, the aim was to

optimize the production of mealworm chitosan oligosaccharides

(MCOS) using the enzyme chitosanase (Kim et al., 2024). The

MCOS obtained showed a significant concentration-dependent

prebiotic effect, stimulating the growth of Lactobacillus

acidophilus, Lacticaseibacillus casei and Bifidobacterium bifidum.

Furthermore, the addition of MCOS positively influenced the

composition of the cecal microbiota (through in vitro anaerobic

fermentation) and SCFAs production, with an increase in the

abundance of beneficial bacteria such as Akkermansia and

Turicibacter. In addition, several studies were conducted on mice

to validate the prebiotic properties of Tenebrio molitor Specifically,

the two (Lee et al., 2021 and Kwon et al., 2020) in vivo studies

conducted on BALB/c mice (inbred strain of laboratory mice

commonly used in biomedical research) analyzed the prebiotic

potential of Tenebrio molitor, both in the form of fermented

mealworms (FM) and exuviae (i.e. the residual cuticles from

molting). In both cases, administration for 8 weeks did not alter

the animals’ diet or their body weight but led to a significant

increase in intestinal lactic bacteria, particularly of the

Bifidobacteriaceae and Lactobacillaceae families, compared to the

control groups. In the first study (Lee et al., 2021), fermented worms

improved the diversity of the intestinal microbiota without altering

the total amount of bacteria. In the second study (Kwon et al.,

2020), the inclusion of 20% exuviae in the mice diet showed similar

effects, confirming the prebiotic potential of the chitin contained in

the cuticles. However, further studies in humans are needed to

confirm these beneficial effects.

As part of the National Recovery and Resilience Plan (NRRP),

within the project “Technologies for climate change adaptation and
Frontiers in Industrial Microbiology 04
quality of life improvement” (TECH4YOU), the action “Intelligent

Modelling and Prototyping of Insect Farming for Food Purposes” was

developed by the Department of Agriculture at the University of

Reggio Calabria, in collaboration with the Council for Agricultural

Research and Economics (CREA) – Research Centre for Olive, Fruit

and Citrus Crops. One of the action’s specific objectives was to

investigate the potential prebiotic effects of cricket flour produced

from Acheta domesticus. As reported in literature, Acheta

domesticus is one of the most farmed species for human

consumption, farmed on almost every continent except

Antarctica, thanks to its high nutritional value (Siddiqui et al.,

2024). Preliminary findings obtained through simulated in vitro

digestion confirmed results previously reported in the literature.

After assessing the microbiological suitability of cricket flour using

culture-dependent methods, and confirming its safety for human

consumption, its potential prebiotic activity was subsequently

analyzed on 4 probiotic strains used in monoculture:

Lacticaseibacillus paracasei 101/37, Lacticaseibacillus rhamnosus

CRL 1505, Bifidobacterium animalis subsp. lactis BLC1 and

Bifidobacterium longum ATCC BAA-999. The beneficial effects of

A. domesticus appear to be strongly linked to the presence of chitin,

which by diacetylation produces chitosan, whose activity is strongly

correlated with antibacterial and prebiotic properties (Kipkoech

et al., 2021). Chitosan exerts its antimicrobial effects mainly through

interaction with the bacterial cell wall. Its positive charge allows it to

adhere to the negatively charged surface of bacterial cells, thereby

compromising the integrity of the cell wall and increasing

membrane permeability. In addition, chitosan can bind to

bacterial DNA, interfering with replication mechanisms and

ultimately inducing cell death. Another proposed mechanism

involves its ability to chelate metal ions, which can contribute to

the formation of toxic by-products (Yilmaz, 2020; Guarnieri et al.,

2022). Regarding probiotic strains, current evidence indicates that

some species can partially ferment chitosan and use it as a substrate

to support growth. Lactobacillus species have shown favorable

growth responses, although this effect depends largely on the

specific strain. However, high concentrations of chitosan may

suppress rather than enhance the proliferation of probiotics

(Guan and Feng, 2022). Therefore, targeted research could help

expand the application of insect-derived flours as new prebiotic

sources, potentially optimized through combination with selected

probiotic strains.
Social acceptance of edible insects:
challenges and opportunities

Around 1,700 species of insects are consumed as food

worldwide. Although insects are an important source of nutrients

for many countries, their consumption remains limited in other
frontiersin.org
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developed countries, because they are often perceived as “repulsive”

or “disgusting” (Fukano and Soga, 2021). Nevertheless, the

nutritional value of insects is too significant to be ignored.

Although many Western consumers express distrust or disgust

towards entomophagy, motivated by both cultural and

psychological reasons, a gradual transformation is being observed

in this sector. Indeed, a growing number of companies are offering

bakery products containing insect flour, such as biscuits, protein

bars and pasta, thus disguising the original appearance of the insect,

to facilitate consumer acceptance (Siemianowska et al., 2013;

Hamerman, 2016). Recent research indexed in the Web of

Science over the past few years has demonstrated a significant

increase in scientific interest in entomophagy (Figures 2A, B). The

most frequent recurring themes include “entomophagy”, “edible

insects” and “consumer acceptance”, reflecting a growing increase

in research aimed primarily at understanding the spread and

acceptance of insects as food, particularly in Western countries.

Among the main identified obstacles, disgust emerges as a

predominant emotional and cultural reaction, especially in

societies that do not have a past tradition of consuming insects.

This reaction is closely associated with concepts as “acceptance”,

“consumption” and “behavior”, highlighting its direct influence on

individuals’ availability to consume new insect-based foods. Since

2022, food safety has become a central theme in entomophagy

research (Pinheiro et al., 2025). Currently, a growing number of

studies are examining the perceived risks associated with the

consumption of edible insects, including the presence of possible

allergens, contaminants and pathogenic microorganisms. Despite

the introduction of increasingly stringent regulations, particularly

within the European Union, where insects are classified and

authorized as “novel foods”, consumer perception of risk remains

high. This highlights the importance of clear, transparent and
Frontiers in Industrial Microbiology 05
evidence-based communication to reinforce consumer confidence

and acceptability. An additional psychological barrier is food

neophobia, defined as the reluctance or refusal to eat unfamiliar

foods. This tendency is especially pronounced among individuals

with limited exposure to diverse food experiences or those who

exhibit a more conservative approach to dietary choices. Empirical

models consistently demonstrate a strong correlation between

neophobia, disgust sensitivity, and consumer behavior, suggesting

that fear of the unfamiliar can significantly amplify rejection of

insect-based foods (Sogari et al., 2019). To address these concerns,

several studies advocate targeted educational interventions, guided

sensory experiences, and strategic marketing campaigns. These

efforts aim to normalize insect consumption by introducing

insect-based foods or new formulations with high added value

(Cantalapiedra et al., 2023).
Conclusions and future perspectives

In view of growing environmental challenges and the emerging

need for sustainable food sources, edible insects represent a promising

protein alternative. However, their diffusion on a large scale,

particularly in Western societies, is still hampered by deeply rooted

cultural and psychological barriers, such as disgust, food safety

concerns and food neophobia. Overcoming these obstacles will

require targeted educational interventions, guided sensory

experiences and innovative product formulations to facilitate social

acceptance. In addition to nutritional and ecological benefits, recent

research has highlighted the functional potential of insects, particularly

as a source of prebiotic ingredients. This discovery extends the view of

insects as food, positioning them not only as sustainable protein

alternatives but also as functional foods with beneficial health effects.
FIGURE 2

(A) Vosviewer network visualization of the bibliometric keywords map for edible insect and food papers in last years from Web of Science (B) Vosviewer
network correlation with the word edible insect. (Created in vosviewer.com).
frontiersin.org

http://www.vosviewer.com
https://doi.org/10.3389/finmi.2025.1716542
https://www.frontiersin.org/journals/industrial-microbiology
https://www.frontiersin.org


Foti et al. 10.3389/finmi.2025.1716542
Future investigations are needed to validate in vivo these prebiotic

effects and to identify the bioactive compounds responsible for

modulating the gut microbiota. Moreover, consumer research should

explore how health-focused communication, emphasizing gut health

and prebiotic advantages, might influence willingness to consume

insect-based foods. Product development efforts should aim to

integrate insect-based ingredients into popular food formats that

mirror consumer preferences.
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