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Abstract: Entomophagy describes the practice of eating insects. Insects are considered extremely
nutritious in many countries worldwide. However, there is a lethargic uptake of this practice in
Europe where consuming insects and insect-based foodstuffs is often regarded with disgust. Such
perceptions and concerns are often due to a lack of exposure to and availability of food-grade insects
as a food source and are often driven by neophobia and cultural norms. In recent years, due to
accelerating climate change, an urgency to develop alternate safe and sustainable food-sources has
emerged. There are currently over 2000 species of insects approved by the World Health Organization
as safe to eat and suitable for human consumption. This review article provides an updated overview
of the potential of edible insects as a safe, palatable, and sustainable food source. Furthermore,
legislation, food safety issues, and the nutritional composition of invertebrates including, but not
limited, to crickets (Orthoptera) and mealworms (Coleoptera) are also explored within this review.
This article also discusses insect farming methods and the potential upscaling of the industry with
regard to future prospects for insects as a sustainable food source. Finally, the topics addressed in
this article are areas of potential concern to current and future consumers of edible insects.

Keywords: entomophagy; consumer perceptions; consumer concerns; safe food; food hazards;
nutritional composition; insect farming; legislation; sustainability

1. Introduction

Entomophagy, the practice of eating insects, has been a part of human diets from pre-
historic times to the present day [1-3]. The eggs, larvae, pupae, and adults of certain insects
are not only rich in fats, essential fatty acids; protein; essential amino acids; carbohydrates,
including chitin and vitamins; and minerals [4], but also potentially present a sustainable
alternative to traditional livestock production [5]. Insect farming requires less land, water,
and feed, and produces fewer greenhouse gases, thus offering a potential solution to the
environmental challenges posed by conventional animal agriculture [6]. Despite these
benefits, entomophagy has only recently gained interest in Western countries [5]. In many
cultures, insects are often perceived as dirty, disgusting, or as disease vectors, contributing
to a neophobic cycle regarding entomophagy [6,7]. However, with the world population
predicted to reach nine billion by 2050 and the demand for safe and sustainable food
expected to increase by approximately 60% [8-10], alternative sustainable protein sources
like insects are becoming increasingly important.

In some parts of the world, particularly in Africa, Asia, and Latin America, ento-
mophagy is already a common practice [3]. In contrast, in the European Union, the poten-
tial of edible insects as a food source is still being explored, with legislative requirements
developed to ensure the safety of all foodstuffs placed on the market [11,12].
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Despite the growing body of research on entomophagy, there are still gaps in our
understanding of its potential impacts and benefits (Figure 1). Moreover, it must be noted
that current research regarding entomophagy may not have been possible without the
significant contribution by Meyer-Rochow [4] who identified the potential of edible insects
and also effectively initiated further research within this area by suggesting the WHO and
FAO support insects as a future food and feed source. Furthermore, limited data is available
regarding anti-nutrients which by definition have the potential to hinder or inhibit the
absorption of nutrients such as minerals or alternatively to provide antioxidants including
but not limited to polyphenols including tannins [13]. Anti-nutrient content within insects
can vary between species, where crickets can potentially contain 3159.0 mg/100 g of
phytate and 900 mg/100 g of tannin estimated on a dry weight basis, while grasshoppers
can potentially contain 1100.1 mg/100 g of phytate and 1050.0 mg/100 g of tannin, also
estimated on the basis of dry weight [13]. Furthermore, the anti-nutrient and nutrient
content of insects can vary considerably depending on the species under consideration,
the species development stage, gender, diet, and application of processing procedures.
This current article aims to address these gaps by exploring the nutritional, environmental,
and cultural aspects of entomophagy, as well as the food safety concerns related to the
consumption of insects, including allergens, gluten, chemical hazards, and microbiological
hazards [10,12-16]. Our objective is to provide a comprehensive review of the current state
of entomophagy research and to identify potential areas for future study. We hope that
our findings will contribute to the ongoing dialogue regarding the role of insects in our
food system and help pave the way for the integration of edible insects into a viable and
sustainable European foodscape.
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Figure 1. Factors that could potentially affect the safety, palatability, and sustainability of edible
insects and insect-based foodstulffs.
2. Edible Species

Insects offer a multitude of benefits that make them an attractive option for food
consumption [17]. From a health perspective, insects are a rich source of protein, essential
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amino acids, fats, vitamins, and minerals, making them a highly nutritious food source [18].
Their nutritional profile can contribute to a balanced diet and help combat malnutrition and
overnutrition, addressing key health concerns in many parts of the world [19]. Moreover,
a recent review by Zhou et al. [20] found there was an annual increase in type 2 diabetes
cases worldwide, while Lee et al. [21] agreed that obesity contributed to the increased
development of diabetes. Furthermore, obesity increases the risk of developing a variety of
diseases, including type 2 diabetes mellitus (T2D), cardiovascular disease, and cancers, all
of which can negatively impact quality of life [22]. However, recent research regarding diet-
induced obese mice found that Yellow mealworm (Tenebrio molitor) and Lesser mealworm
(Alphitobius diapernius) proteins hindered weight gain and improved the metabolism of
the obese mice [23]. Moreover, mealworms and their extracts are considered beneficial
for metabolic health and improved metabolism, which may be due to a combination of
components therein, including but not limited to protein [23], chitin [24], and fatty acids [25].
In addition, Seo et al. [26] found that Yellow mealworm (Tenebrio molitor) larvae extracts
also improved metabolism by reducing hepatic steatosis and lowering plasma AST and
ALT concentrations. In terms of environmental impact, insect farming presents a more
sustainable alternative to traditional livestock farming. It requires less land, water, and
feed, and produces fewer greenhouse gases, aligning with global efforts to mitigate climate
change and promote sustainable food production. Moreover, certain insect species have
shown resistance to various conditions, which could be beneficial in the context of insect
farming [27].

Beyond health and environmental considerations, the cultivation of insects also holds
socioeconomic benefits. Insect farming can provide income opportunities, particularly
in rural areas where economic resources may be limited. This can contribute to poverty
reduction and economic development, fostering resilience in vulnerable communities. In
fact, a study focusing on the consumption of edible insects in Kinshasa, Congo, in a context
of food crisis and shortage, found that individual and collective factors, as well as the
context of consumption and emotional factors, influence insect consumption [28]. Thus, the
practice of entomophagy, or insect consumption, holds promise not only as a solution to
nutritional needs but also as a strategy for sustainable development and economic growth.

Moreover, edible insects can play a significant role in achieving the United Nations Sus-
tainable Development Goals (SDGs), particularly those related to ending poverty, ensuring
food security, and promoting health and well-being [29]. Regarding Goal 1, which aims to
end poverty in all forms everywhere, insect farming can provide new income opportunities,
particularly in rural and impoverished areas, thereby contributing to poverty reduction. In
terms of Goal 2, which seeks to end hunger, achieve food security and improved nutrition,
and promote sustainable agriculture, insects emerge as a highly nutritious food source
that can help combat malnutrition. Their farming requires fewer resources than traditional
livestock farming, making it a more sustainable option for food production. This aligns
with the goal’s emphasis on sustainable agriculture. Lastly, for Goal 3, which aims to
ensure healthy lives and promote well-being for all ages, the nutritional benefits of insects
can contribute to overall health and well-being. Their high protein, essential amino acid,
fats, vitamins, and mineral content can contribute to a balanced diet and improved health
outcomes. Thus, the practice of entomophagy, or insect consumption, holds promise not
only as a solution to nutritional needs but also as a strategy for sustainable development
and economic growth [30].

Previous peer reviewed research undertaken by a selection of academic authors in-
cluding Rumpold and Schluter [31], identified a compilation of edible insect species, all of
which could potentially be reared within the EU for human consumption (Table 1). Some of
these species are currently approved as food-grade within the European Union, including
Tenebrio molitor, Alphitobius diaperinus larvae, Acheta domesticus, Locusta migratoria migratori-
oides [32], and Gryllodes sigillatus which is currently under consideration. Further research
is required to expand a larger selection of edible insects [33—70] into our European cuisine.
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Table 1. Selection of edible insects defined using binomial nomenclature and common names.

Order Binomial Common Name References
Nomenclature
Lesser mealworm;
Coleoptera Alphitobius diaperinus  Litter beetle; [25-29]
Buffalo mealworm.
Coleoptera Rhynghop horus Palm weevil. [1,26,30-36]
ferrugineus
Coleoptera Alphitobius laevigatua ~ Black fungus beetle. [34]
Coleoptera Tenebrio molitor Yellow mealworm. [26,37-42]
Coleoptera Zophobas atratus Giant mealworm. [26,30,42-44]
Diptera Chrysomya chloropyga ~ Blowfly. [26,30]
Diptera Hermetia illucens Black soldier fly. [26,42,45-47]
Diptera Musca domestica Housefly. [26,42]
Hymenoptera Apis mellifera European honeybee. [26,42,48-50]
Hymenoptera Atta laevigata Leafcutter ant. [3,26,33,51]
Lepidoptera Achroia grisella Lesser wax moth. [10,26,30,51]
. . Silkworm /domestic
Lepidoptera Bombyx mori silk moth. [26,42,47]
Lepidoptera Galleria mellonella Greater wax moth. [26,42,52]
. . . . Mopane
Lepidoptera Gonimbrasia belina worm/caterpillar. [26,30,53-55]
Orthoptera Acheta domesticus House cricket. [26,42,56-60]
Tropical house cricket;
Orthoptera Gryllodes sigillatus Indian house cricket; [26,42,61,62]
Banded house cricket.
Orthoptera Gryllus assimilis Jamaican field cricket. [63,64]
Orthoptera Gryllus bimaculatus Two-spotted cricket. [26,65-67]
) European field
Orthoptera Gryllus campestris cricket. [26,57,68]
Migratory locust;
. . European migratory
Orthoptera Locusta migratoria locust; [26,32,42,51,69,70]
migratorioides . .
African migratory
locust.
Orthoptera Mecopoda elongate Bush cricket. [26,34]
Oxya spp.
Orthoptera Melanophus spp. Grasshopper. [34]
P Hieroglyphus spp. ppet
Acrida spp.
Orthoptera Patanga succincta Bombay locust. [34]
Orthoptera Schistocerca americana American [34]
grasshopper.
Orthoptera Schistocerca gregaria Desert locust. [26,42]
Orthoptera Teleogryllus mitratus Common cricket. [34]

Currently under EU Novel Food legislation [32], edible insect species approved for
human consumption (Table 2) include mealworms, locusts, and crickets, which are available
in their raw state or processed into a foodstuff familiar to the consumer [71-74]. Patents
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for other food-grade species within the EU are currently pending with Gryllodes sigillatus
currently included within this category.

Table 2. Edible insects approved for human consumption within the European Union.

Order Family Genus Species Common Name References
Coleoptera  Tenebrionidae Tenebrio Tem{brlo Yellow [71,72]
molitor Mealworm.
Alphitobius }r?esjlevf/ orm:
Coleoptera  Tenebrionidae Alphitobius ;izfg;;’mus Litter beetle; [72,73]

Buffalo worm.

Acheta

Orthoptera  Gryllidae Acheta Domesticus House cricket. [72-74]
Tropical house
Gryllodes cricket;
Orthoptera  Gryllidae Gryllodes Y Indian house [72,73]
Sigillatus - .
cricket;
Banded cricket.
African
Orthoptera  Acrididae Locusta Lo.custa . migratory locust; [71,72]
Migratoria European

migratory locust.

3. Palatable Foodstuffs Containing Insects

Recently, Hlongwane [75] reviewed the nutritional composition of edible insects
which are considered a palatable and rich source of protein in the traditional cuisine
of Africa. Meanwhile, Truck [76] considered the potential safety of frozen and dried
insect formulations and Van Itterbeeck [77] posed the question “How Many Edible Insect
Species are there”? Furthermore, Linn [78] explored insect-based recipes as a palatable
contribution towards a sustainable planet. Moreover, Shelomi [79] explored the potential
of edible insects as a future food source by identifying and comparing numerous issues
regarding positive and negative engagement with entomophagy. However, it must be
noted that edible insects are a safe palatable food source with numerous techno-functional
and physiological properties which can potentially enhance the end-produce formulation
of edible insects into palatable, familiar and acceptable formulations [80,81]. Moreover,
Ververais [82] highlighted the scientific requirements and potential challenges of the risk
assessment process involved with the development of novel foods. Furthermore, Schiel [83]
reviewed the current legal framework regarding the marketing of food-grade insects within
the European Union, while Kohler [84] identified the protein, amino aciid and mineral
composition of edible insects from Thailand.

Moreover, edible insects have previously been incorporated into palatable, acceptable,
familiar, readily available, processed foodstuffs for consumers in Europe [85]. This project
was undertaken with a view to introducing consumers to high quality insect products that
offer sustainability via a low carbon footprint when compared with traditional sources
of meat products [1,86]. Therefore, in the Netherlands in 2015, early adopters who were
senior employees of Jumbo’s, a Dutch national food chain which consisted of 550 branches,
decided to stock a selection of insect-based convenience foods (Table 3).
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Table 3. Insect-based food products previously for sale at retail outlets in Europe.
Insect Product Retailer
Mealworms Buggy balls Dutch retailer Jumbo, the Netherlands.
Buffalo Worms Buggy citizens Jumbo, the Netherlands.
Waxworm Larvae Buggy crisps Jumbo, the Netherlands.
Dutch Bred Buffalo Worms Insecta.Range: Burgers and Food producer Dfimhert Nutrition,
schnitzels and nuggets Belgium.
Crickets SENS bar Czech-based food start-up in 2017.
‘EAT GRUB' is a food brand
Energy bars; available online.
Crickets Bag of crunchy roasted T: 0203 633 5771
crickets in different E: info@eatgrub.co.uk
flavours. https:/ /www.eatgrub.co.uk/ (accessed on
10 January 2024).
One Hop Kitchen:
Crickets or Bolognese satice https:
Mealworms & ’ / /www.instagram.com /onehopkitchen/

(accessed on 10 January 2024).

Jumbo’s prevailing interests as forward-thinking retailers translated without diffi-
culty into alignment with the project of insects as food [85]. More recently, the company
Ynsect [87] has emerged as a major competitor in the insect and insect-based foodstuffs
market with the EU, North America, and Mexico. Ynsect is currently the world leader in
natural insect protein and fertilizer production with facilities in France andNorth America.
Furthermore, Ynsect have applied for several patents within the EU related to their research.
Ynsect have also raised approximately $435 million from leading global investors and are
exporting their highly digestible premium protein products worldwide. However, there is
currently a paucity of knowledge regarding start-up insect farms, costs, and the duration
of expected trading.

4. Consumer Perception

There are two distinct psychological reactions to insects as a food source for human
consumption. Firstly, in countries where entomophagy is the norm, insects are heralded
as a valued protein source and consumed without hesitation; whereas, in non-practicing
countries such behaviour can evoke negative reactions aligned with disgust as insects are
often perceived as dirty and dangerous [88]. Moreover, in a recent study by Ghosh [17],
it was observed that a culturally conditioned acceptability and preference for consuming
edible insect species was potentially influenced by cultural norms and further influenced
by localized customary taboos. Furthermore, it was also found that the consumers’ in-
herited perceived and experienced expected sensory characteristics of the taste, odour,
visual appearance, and texture of edible insects were varied dependant on the individuals’
initial exposure to entomophagy. Therefore, an historic engagement with entomophagy,
either positive or negative, could potentially influence a consumers’ selection, preference,
acceptance, and willingness to consume edible insect species in the future.

Consumers are more likely to consume insects and insect-based foodstuffs when
they are presented in a convenient and familiar form for example burgers, cookies, or
flour [7,78]. These familiar formats help reduce the “ick” factor associated with disgust and
encourage the consumer to focus on the nutritional benefits and palatable acceptance of the
product [7,19]. Moreover, recent innovation within the sector has produced a selection of
palatable insect-based food products which can be viewed in Tables 4-6 below.
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Table 4. SENS edible insect-based food products currently available online.

Insect Product Flavour Online Retailer
. . X Spicy and Sweet; SENS
Crickets. g{)fis]t;d Edible Crickets; Snack Chocolate; https://www.eatsens.com (accessed
1L box. Extra hot. on 10 January 2024).
Garlic and herbs; SENS
Crunchy Edible Worms; Gift Onion and parsley; - U
Mealworms. o https://www.eatsens.com (accessed
Set. Smoked paprika; on 10 January 2024)
Chilli and lime. VR
BBQ;
Tomato and oregano;
Salty caramel;
Dark chocolate;
White chocolate SENS
Crickets. Edible Crickets in a Tube. Chocolat d ’ https://www.eatsens.com (accessed
hocoiate an on 10 January 2024).
cinnamon;
Chilli and lime;
Wasabi;
Chipotle and carolina;
Reaper.
e s
Crickets Edible Crickets in XXL Bag. ’ . https://www.eatsens.com (accessed
Tomato and oregano; on 10 January 2024)
Salty caramel ’
Eg)ﬁpy seed and sea SENS
Crickets Pea Cricket Protein Chips Hot’ paprika; https://www.eatsens.com (accessed
Garlic and herbs. on 10 January 2024).
. L . SENS
Crickets Susta'mable Sports Nutrition; Chocolate; https://www.eatsens.com (accessed
Protein Blend. Strawberry.
on 10 January 2024).
SENS
Crickets Cricket Protein Bar. Dark chocolate. https:/ /www.eatsens.com (accessed
on 10 January 2024).
Bitter cocoa and SENS
Crickets Serious Cricket Protein Bar. https:/ /www.eatsens.com (accessed
sesame. on 10 January 2024).
Pineapple and coconut; ~ SENS
Crickets Pleasure Cricket Protein Bar. Dark chocolate and https:/ /www.eatsens.com (accessed
orange. on 10 January 2024).
Apple and cinnamon; SENS
Crickets Oat Cricket Protein Breakfast. Hgfelnut i’ https://www.eatsens.com (accessed
) on 10 January 2024).
. . SENS
Crickets Re'ady—to—Eat'Out'door Meal; Vegetables, https:/ /www.eatsens.com (accessed
Cricket Protein with Penne. Chicken.
on 10 January 2024).
Cooking and Baking; SENS
Crickets Cricket Protein Powder; Unflavoured. https:/ /www.eatsens.com (accessed

Cricket Protein Pasta.

on 10 January 2024).

Table 5. Eat Grub edible insect-based food products currently available online.

Insect Product Flavours Retailer
. Eat Grub
Crickets, Ready-to-Eat Bundle; %m(.)_ky BPQ’ https:
buffalo worms, mealworms,  All in(sect) pack. crepery / /www.eatgrub.co.uk
grasshoppers. Single species per pouch. Sﬁlfl]g an:irhcrlne; (accessed on 10 January
voured. 2024).
Ready-to-eat bundle; .
Crunchy Roasted Crickets; Salted toff.ee, Eat Qrub
. Salt and vinegar; https:
. Each pouch contains a A
Crickets. different flavoured cricket: Peri-peri; //www.eatgrub.co.uk
’ Smoky BBQ; (accessed on 10 January

Classic Combo;
Smokin’ hot.

Sweet chilli and lime.

2024).
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Table 5. Cont.

Insect Product Flavours Retailer
. . Eat Grub
Crickets, grasshoppers, Copkmg Pack bundle; . https:
Edible insects Starter pack;
mealworms, . Unflavoured. / /www.eatgrub.co.uk
Foodie pack;
buffalo worms. LT (accessed on 10 January
Freeze-dried insects.
2024).
Ingredients:
. Cricket Protein/Flour; Eat Q_rub
Crickets, . R . https:
Edible Crickets for roasting;
mealworms, . Unflavoured. / /www.eatgrub.co.uk
Edible mealworms for
buffalo Worms. . (accessed on 10 January
roasting; 2024)
Buffalo Worms for frying. ’
Peri-peri;
Snacks Ready-to-Eat; Classic combo; Eat Grub
Crunchy Roasted Crickets; Smokin” hot. https:
Crickets. The big mix; Salt and vinegar; //www.eatgrub.co.uk
Individual tubes; Salted toffee; (accessed on 10 January
Individual XXL bags. Smoky BBQ; 2024).

Sweet chilli and lime.

Table 6. One Hop Kitchen edible insect-based food products currently available online.

Insect Product Flavours Retailer

One Hop Kitchen
https:
//www.instagram.

. bination of t
Cricket Bolognese Combination of meat,

Crickets. Sauce. herbs, and sweet com /onehopkitchen /
tomatoes.
(accessed on 10
January 2024)
One Hop Kitchen
Combination of meat, htps: .
Mealworm Bolognese //www.instagram.
Mealworms. herbs, and sweet .
Sauce. com/onehopkitchen/
tomatoes.
(accessed on 10
January 2024).

4.1. Neophobia

Food neophobia is described as the avoidance of new or unfamiliar foods. Neophobic
tendencies are often an individual choice but can also manifest as a result of cultural
influences, a lack of exposure to a particular foodstuff, or inherited beliefs [89]. Previous
research has confirmed that consumer familiarity with a product was an important factor
for developing a positive attitude regarding the consumption of edible insects [90].

However, European cultures often perceive insects as dirty, disgusting, dangerous
pests, or vectors of disease [1,2]. Such negative attitudes could possibly contribute to
food neophobia, which, in turn, can negatively influence the consumers perception and
willingness to consume insects, even if the food product is visually appetizing and a healthy
and sustainable food choice [7,8,30].

The Food Neophobia scale was originally developed by Pliner and Hobden [91], to
specifically explore neophobia/neophilia in humans. The Food Neophobia Scale has been
used more recently to determine the effect of such phobias associated with the introduction
of insects as a possible food source [92].

4.2. Cultural Influence on the Consumption of Insects as a Food Source

Currently, there is a lethargic uptake of entomophagy in Europe which is due in part to
the lack of insect consumption within the boundaries of cultural norms [51]. Cultural norms
can potentially influence everyday behaviours including but not limited to food choices,
dress code, religious preferences, and educational aspirations. Moreover, entomophagy is
not considered acceptable by many citizens in Europe. Several countries outside Europe,
such as those in Africa, Asia, and South America, practice entomophagy on a regular basis
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and indeed consider several species as a delicacy. Citizens within such environments will
naturally expect to consume insects at the table or at a minimum on special occasions.
However, Laos and Thailand have experienced a decline in traditional entomophagy prac-
tices wherenew forms of disgust and other changes in local food culture were not purely
determined by traditional cultural factors. This trend was identified by Muller [93] as a
local form of “modernity” and not that of Western-dominated globalization or McDonaldi-
sation [94]. Interestingly, Muller [93] observed that, during the 1980’s and 1990’s, Thailand
underwent an economic and industrial boom period and its citizens migrated to the cities
where they popularized their food culture through economically driven food processes,
which, in turn, facilitated the normalization of entomophagy while simultaneously enhanc-
ing capitalism. Therefore, in a current reversal of cultural consumption patterns, rural
citizens are reluctant to consume insects while the city dwellers and tourists are content to
snack on insects as an accompaniment to beer and other alcoholic drinks [93].

However, historically, entomophagy was eliminated from Europe and it is no longer
part of our accepted culinary repertoire. Recent studies have focused on reintroducing
insects and insect-based foodstuffs to European cuisine [6,95,96]. Furthermore, as observed
by House [86], commercial activity within this sector is prominent in Europe and the
Dutch Government are currently encouraging a resurgence in entomophagy in Europe.
Furthermore, insects are suitable for consumption and processing into familiar formats
including but not limited to “Whole and Roasted”.

5. A Safe Food Source

Consumers have numerous concerns related to the safety and sustainability of all food
sources available in the marketplace [59,96]. Such concerns have increased in response
to accelerated climate change and potential food insecurity due to the predicted rise in
the global population by 2050, and, therefore, the safety and sustainability of future food
production has become paramount to our survival [30]. Furthermore, hazards associated
with everyday foodstuffs can also potentially be present in whole insects and insect-based
foodstuffs. However, it must also be noted that there is, simultaneously, an extreme
overproduction and overconsumption of foodstuffs, which is a major contributor to the
current obesity epidemic [97] and related non-communicable diseases [98]. Meanwhile,
another recent survey in Europe indicated that the population of the continent is projected
to decline in two-thirds of EU regions by 2050 [99]. Similar demographic trends were also
identified in Japan, Taiwan, South Korea, China, and Thailand, where births are declining
year on year and deaths are increasing due to aging populations. Therefore, it is also
expected that population numbers in Asia will also decrease by 2050 [100]. Such trends
could potentially impact current consumption patterns and increase the obesity epidemic.

Insects farmed in Europe, in compliance with current mandatory legislation and food
safety standards, as applied to foodstuffs suitable for human consumption, are considered
safe to consume [80-82]. However, insects as a foodstuff must be constantly monitored for
the presence of hazards and contaminants such as heavy metals, veterinary drug residues,
pesticide residues, chlorinated pesticides, dioxins, pathogenic bacteria, viruses, parasites,
mycotoxins, and allergens as a mechanism to keep our food safe [2,10,82].

Food-grade insects should only be sourced, reared, and processed under strict HACCP
procedures and subjected to all foodstuff regulations and standards as are mandatory
under current legislation within the European Union [32,80,82,101]. Moreover, the potential
uptake of any contaminants by insects will ultimately depend on the individual species
and the developmental stage of an individual's life cycle [11].

5.1. Chemical Hazards

Chemical hazards found within insects are mostly dependent on habitat and feed
contamination, both of which can be controlled through selected farming techniques and
dietary control [11]. The contaminants may be present in the substrate used, or within
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the immediate environment, including but not limited to heavy metals, veterinary drug
residues, organohalogen compounds, and pesticide residues [16].

5.1.1. Mycotoxins

Mycotoxins are contaminants of note due to their negative impact on public health and
food security. They are secondary metabolites which are produced by phytopathogenic and
food spoilage moulds such as Fusarium, Aspergillus, and Penicillium genera [11,102], and are
often found in the feed substrate upon which the insects are reared [103]. According to Van
Huis [1], the mycotoxins of Fusarium, Aspergillus, and Penicillium can also be present within
the gut of an insect, thus indicating the potential of related food safety issues because
these toxins could potentially impose acute and chronic effects on humans and animals
alike. Furthermore, mycotoxins have also been found in varying concentrations in edible
insects [104]. However, mycotoxins are more likely to be found in insect frass due to natural
excretion processes [11].

5.1.2. Heavy Metals

Heavy metals accumulation limits are currently specified within Regulation (EC)
No. 1881/2006 [105]. The concentration of heavy metals