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FOOD SAFETY ASPECT OF INSECTS: A REVIEW
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Insects are alternative protein sources as nutritious novel food. However, there are some risks associated with the
consumption of insects, even if rearing in controlled systems. Except for a recent EFSA opinion on the safety of
insects as food, the European law is not conclusive regarding using insects as food products. Insects may be
associated with microorganisms, but the prevalence of pathogens is usually lower than in case of other animal
proteins. Insect proteins can induce allergic reactions, but only few studies are available on allergic reactions due to
insect ingestion, and direct hypersensitivity to insect protein has not been proven. Some insect species are considered
toxic, because some toxic substances are accumulated from toxic plants or are synthesized by the insects. However,
there are few reports available about adverse reactions caused by insect consumption. Insects and insect derived food
products may contain hazardous chemicals such as heavy metals, dioxins, mycotoxins, plant toxins, biocides, and
veterinary drugs. However, data on hazardous chemicals in reared insects and accumulation of chemical contaminants
from the substrates are limited. This review is not demonstrating the safety of insects as a food category, but the
possibility of insects for human consumption with no more hazards than other animal products.
Keywords: edible insects, microbial safety, chemical safety, allergenic protein

There is discussion about the insects as potentially sustainable protein source for the rapidly
growing world population. The future demand for food and animal-derived protein will
require environmentally friendly, novel food sources. Insects are one of such novel food
sources, but there are some risks associated with the production, processing, and consumption
of insects.

The beneficial nutritive effects of insect proteins are well known, and it has a long
tradition in human history as food, which dates back to prehistoric times (ToMMASEO-
PonzeTTA, 2005). The first document about insect as human food dates back to the eighth
century BC in the Middle East (BopeENHEIMER, 1951). However, more exploration is needed
to decide which insect species are suitable for intensive farming; also researches are required
about the processing, safety, and regulation of insects as human food (FeLLows, 2014). Total
number of edible insects around the world is not exactly known, the estimations are increasing
with time from 1000 (DeFoLiarT, 1997), 1681 (Ramos-ELorbuy, 2005) up to 1900 (JONGEMA,
2012).

According to a global estimation (van Huis et al., 2013), the most commonly consumed
insects of humans are beetles (31%), caterpillars (18%), and bees, wasps, and ants (14%).
Consumption of grasshoppers, locusts, and crickets are about 13%, followed by cicadas,
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leafthoppers, plant hoppers, scale insects, and true bugs (10%), termites (3%), dragonflies
(3%, flies (2%), and others (5%).

However, hazards associated some possible food safety with the use insects or insect
proteins. These hazards include different contaminants, such as heavy metals, mycotoxins,
pesticide residues, antinutritive factors, and pathogens (van Huis et al., 2013). The European
Food Safety Authority has published an initial risk assessment for using insects as a source
of protein for human consumption (EFSA, 2015). It concluded that the possible presence of
biological and chemical hazards in food products derived from insects depends on the method
of production, the substrate (feed) of insects, the insect species, the stage of lifecycle at
harvesting, and the method of further processing. According to a recent review, there is a lack
of scientifically based knowledge of insect processing to ensure food safety, especially when
these processes are carried out on an industrial scale (SCHLUTER et al., 2017).

The presence of parasites could also be a food safety problem in case of consumption of
edible insects as food. Additionally, some insects also have mechanical risk for consumers,
because hooks of their legs could cause damages in the digestive tract, which can be
eliminated by removing certain parts of their bodies before consuming.

1. Nutritive value of insects

Insects are nutritious foods (RumpPOLD & SCHLUTER, 2013) because of their high (20 to 76% of
dry matter) and valuable protein content, but it is highly variable because of the wide variety
of species, and its value also differs depending on the metamorphic state of the insect. Insect
proteins contain measurable amount of essential amino acids such as tryptophan, lysine, and
histidine (CoLravo et al., 2005). Insect proteins are highly digestible (77-98%), although the
exoskeleton — due to the presence of chitin — is lowering it (Ramos-ELorDuUY et al., 1997). Fat
content is also variable (2-50% of dry matter), with different fatty acid content, such as
palmitic acid (8-38 %), oleic acid (9-48%), and up to 70% unsaturated fatty acids (DEFOLIART,
1992). Carbohydrate content (2.7 to 49.8 mg per kg fresh matter) is mainly chitin, the main
component of the exoskeleton. Chitin is largely believed to be indigestible by humans,
although chitinase has been found in human gastric juices (PAoLETTI et al., 2007). Otherwise,
chitin acts like a dietetic fibre (MuzzareLLI et al., 2001), and this could imply a high fibre
content in edible insects. Insects also contain trace elements (copper, iron, manganese,
selenium, and zinc) and vitamins (riboflavin, pantothenic acid, biotin, and, in some cases,
folic acid). However, trace element and vitamin contents of insects change seasonally and
depend on the feed (ApAmKOVA et al., 2017). Preparation and processing methods (e.g.
drying, boiling, or frying) applied before consumption will also influence the nutritional
composition. A few scattered studies analyse the nutritional value of edible insects; however,
these data are not always comparable due to the variations between insects and because of the
varying methodologies employed to analyse the compounds (FAO, 2012). Moreover, where
commonly consumed, insects comprise only a part of local diets.

2. Food safety regulations of insects

Studies on food safety of insects are limited, and some safe insects may be unhealthy if they
contain allergens or are fed with plants originated from a polluted area. There is a long-term
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tradition of using insects as food outside the EU, where the use of insects for human food is,
in practice, more tolerated than regulated. Otherwise, it is generally accepted as adequate
evidence that insect food is safe for human consumption (DEFoLIART, 1992), and it is estimated
that at least 2 billion people worldwide practise insect eating regularly. Although it has been
stated that no significant health problems have arisen from the consumption of edible insects
(Banyo et al., 2006), consumer confidence is arguably strongly correlated with the perceived
safety of a given product. However, many low-income countries do not have policies
controlling the use of agro-chemicals in areas where people collect edible insects, and the
consumers have little or no knowledge about the potential consequences of eating chemically
treated insects (Kinyuru et al., 2012).

There is a regulation in the EU (2015/2283/EU) about the insects as novel food (EU,
2015), which is partly based on a recent EFSA Opinion about the safety of insect as food
(EFSA, 2015). The regulation specifies those insects, which can be use as novel food, but
other insect species might also be used as food in EU countries (SCHLUTER et al., 2017). The
EU regulated the introduction of animal origin materials into the food chain, which can also
be used for insects, and it should comply with Annexes I and II of Regulation 852/2004/EC
(EU, 2004a). Otherwise, the whole process of insect protein production should comply with
the Food Hygiene Regulations (852/2004/EC and 853/2004/EC) (EU, 2004a,b). To date,
European law is not conclusive on several issues regarding the use of novel protein sources,
such as insects, in food products (BeLLuco et al., 2013). Additionally, processing, storage,
and transport of insects also need several special requirements for keeping the food safety
criteria (ScHABEL, 2008). Recently, the EU regulated (2017/893/EU) the provisions for
general criteria of insect and insect protein production, with particular attention to materials
used for feeding the insects and their larvae (EU, 2017).

Consumption of insects has a long-term tradition outside the EU; therefore, insects are
identified as traditional food from third countries.

3. Microbial safety

Insects may have associated microorganisms that can influence their safety as food. The
presence of pathogenic bacteria is influenced by the hygienic conditions of the substrate and
the environment, namely rearing conditions. Both insects collected in nature or raised on
farms may be infected with pathogenic microorganisms, such as bacteria (Staphylococcus,
Bacillus, Campylobacter, Pseudomonas, Micrococcus, Acinetobacter, Proteus, Escherichia,
Enterobacteriaceae, and other spore-forming bacteria), also virus, fungi, and protozoa
(KLunDER et al., 2012; VEGa & Kava, 2012). The prevalence of these pathogens is usually
lower than in other non-processed animal protein sources, since no active replication of the
pathogens occur in the intestinal tract of insects, as it was proven for Campylobacter jejuni
(HAZELEGER et al., 2008). Transmission of prions through edible insects has not been proven
yet, only some ectoparasites, such as Hypoderma bovis and Oestrus ovis, were found as
possible transmission factors (Lupi, 2006). Furthermore, the risk of transmission of these
bacteria could be mitigated through effective processing.

A study on four commercial insect species (Zoophobas morio, Tenebrio molitor, Galleria
mellonella and Acheta domesticus) showed a high total microbial charge (10° to 10° CFU g )
on samples originating from a closed-cycle farm. It was mainly composed of Gram-positive
bacteria, as faecal and total coliforms. The Gram-positive population was mostly formed by
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Micrococcus spp., Lactobacillus spp. (10°CFU g!), and Staphylococcus spp. (approximately
10° CFU g!). However, Salmonella spp. and Listeria monocytogenes were not isolated from
the tested samples (Giaccong, 2005).

Insect pathogens are taxonomically different from vertebrate pathogens and can be
regarded as harmless to humans. Insects also have associated microorganisms in their gut
flora, but these organisms cannot be regarded as potential human pathogens (van Huis et al.,
2013). Spores of various microorganisms may be present on insect cuticles, including those
microorganisms that grow saprotrophically on edible insect products. Insects are
taxonomically distant from humans; therefore, the risk of zoonotic infections is expected to
be low. Nevertheless, insects can be potential vectors of medically relevant pathogens. The
risk of zoonotic infections (transmitting diseases from humans to animals and back) could
rise with the careless use of waste products, the unhygienic handling, and direct contact
between farmed insects and insects outside the farm due to weak biosecurity (EFSA, 2012).

Insect farming can provide a control over hygienic practices and safe feed sources for
insects, mitigating potential microbiological hazards. The importance of hygienic handling
and correct storage was investigated in laboratory experiments (KLUNDER et al., 2012). The
microbiological content of farmed yellow mealworm larvae (Tenebrio molitor) and house
crickets (Acheta domesticus) can be partly eliminated by boiling the insects in water for a few
minutes, but the spores were found to survive this process, with the potential that the spores
could germinate and the bacteria can grow under favourable conditions. Such spore-forming
bacteria were found in the gut and on the skin of insects. Roasting alone did not kill all
Enterobacteriaceae; therefore, a few minutes of boiling is suggested before roasting.
Alternative preservation techniques are drying and acidifying. Lactic fermentation resulted in
successful acidification, and it was demonstrated to be effective in safeguarding shelf life and
safety by the control of enterobacteria and bacterial spores (KLUNDER et al., 2012).

In contrast to being a potential microbial hazard, some edible insects are known to
contain antibacterial peptides. Those peptides have been found to inhibit strains of food
pathogens such as Escherichia coli, Pseudomonas aeruginosa, Salmonella typhimurium,
Shigella dysenteriae, Staphylococcus aureus, and Bacillus subtilis (Yi et al., 2014).

4. Moulds and mycotoxins

Drying of insects limits the growth of most microorganisms, but in humid areas, dried insects
are susceptible to moisture pick-up, which can enable mould growth, therefore additional
heating stage is required before consumption (AmabI et al., 2005). Although approximately
1000 species of the fungal phyla are known to infect and kill insects (VEGa et al., 2012), only
very few of them produce mycotoxins. Heat treatment is useful against moulds, but cannot
eliminate mycotoxins, because of their extreme heat stability (BULLERMAN & BIANCHINI,
2007). Information is scarce on the mycotoxin contamination of edible insects. Aspergillus
mould infection and aflatoxin contamination were checked by MpucHANE and co-workers
(1996) in edible grasshopper (Imbrasia belina), and the level of total aflatoxins varied from
0-50 pg per kg of product. The maximum safe level of total aflatoxins set by EU is 10-15 pg
per kg for foodstuffs of plant origin, but there is no regulation for foodstuffs of animal origin,
including insects (EC 1991/2006). However, frequent consumption of contaminated foods
over longer periods is likely to pose health risks.
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5. Parasites

Parasites also represent a potential hazard in relation to insect consumption. Metacercariae
were found as cause of fluke in insects consumed in Southeast Asia (CHal et al., 2009).
Plagiorchid parasites were reported as a new parasite species in humans probably originating
from eating insect larvae (CHar et al., 2009). Nematode parasite Gongylonema pulchrum
cases have been reported in humans in many places around the world (MoLavi et al., 2006),
because the intermediate hosts of this parasite are cockroaches. Myiasis is the infestation of
humans with dipterous larvae, which occurs when fly eggs reach the gastrointestinal tract, but
common housefly is rarely reported as the cause of myiasis. Among edible insects, Hermetia
illucens can be a potential vector (SEHGAL et al., 2002). Insects can also be potential biological
vectors of trypanosomiasis, which infected about 10 million people worldwide (WHO, 2010).
Some cases have been reported linking the infection with the ingestion of insects (PEREIRA et
al., 2010).

Among other potential foodborne pathogens, Entamoeba histolytica and Giardia
lamblia have been isolated in cockroaches. Cryptosporidium parvum has also been found in
insects, which is lethal for immunocompromised individuals (Graczyk et al., 2005). These
parasites could be present also in edible insects, and should be considered in the case of insect
consumption as food.

6. Allergic reactions to edible insects

Like most protein-containing foods, arthropods can induce IgE-mediated allergic reactions in
sensitive humans (MitsunasHi, 2008). These allergens may cause eczema, dermatitis, rhinitis,
conjunctivitis, congestion, angioedema, and bronchial asthma. While some people have a
history of atopy (allergic hypersensitivity), it is also possible to develop allergic sensitivity
through long-term exposure. The majority of cases are inhalant or contactant in nature
(PHILLIPS & BURKHOLDER, 1995; BARLETTA & Pini, 2003). Tropomyosins from cockroaches,
mites, and shrimps have been reported to be allergenic (REEsE et al., 1999). The findings
suggest that people with seafood allergy also have allergic reactions in case of consuming
edible insects (REEsE et al., 1999). However, few studies have been published on allergic
reactions due to insect ingestion, and they did not prove the direct hypersensitivity to insect
protein. Therefore, the risk of food allergy associated with insect consumption needs further
investigation, and greater attention is required in distinguishing between toxic and allergic
symptoms (LEE et al., 1999; Piterti et al., 1999). The processing, such as boiling, has doubtful
effect on destroying the allergenic components (PHILLIPS & BURKHOLDER, 1995). For those
people, who have no history of arthropod or insect allergen sensitivity, usually have no
acquired sensitivity for allergic reactions, even if they eat and/or are exposed to insects
through long-term exposure in sufficient quantities.

6.1. Immunological effects of chitin, a major component in insect cuticle

Chitin and its derivatives have anti-viral and anti-tumour activities, and its effects on innate
and adaptive immune response effects in insects have only recently been recognized (LEE et
al., 2008b). It was suggested that chitin is an allergen (MuzzAreLLI et al., 2001), however,
chitin induces non-specific host resistance against infections by pathogenic bacteria and
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viruses in vertebrates, and there are indications that chitin reduces allergic responses (LEE et
al., 2008a).

7. Toxicity

Some insect species are considered toxic, therefore precautionary measures are taken. A part
of toxic substances is accumulated in insects after consumption of toxic plants, but the insects
synthesize other toxic substances as well. However, there are only few reports available on
adverse reactions caused by insect consumption. For instance, cases of ataxia syndrome,
characterized by tremors, ataxia and, varying levels of impaired consciousness, were reported
after consumption of the seasonal silkworm (Anaphe venata) in southwest Nigeria, possibly
due to its thiaminase activity and consequently thiamine deficiency (ApAMOLEKUN et al.,
1997). Metabolic steroids, including testosterone and dihydrotestosterone, were found in
beetles (Dytiscidae family), which may cause growth retardation, hypofertility, masculinisation
in females, oedema, jaundice, and liver cancer in human. Cyanogenic substances, such as
cyanogenic glycosides and hydroxynitrils, can also be present in insects (Coleoptera and
Lepidoptera), causing inhibition of succinate dehydrogenase and carbonic anhydrase and
inhibiting oxidative phosphorylation (NAHRSTEDT, 1988).

8. Contamination with metals and organic pollutants of the environment

Insect derived food products may contain hazardous chemicals, e.g. heavy metals, dioxins,
pesticides, and veterinary drugs. However, published data on hazardous chemicals in reared
insects as well as data on accumulation/excretion of chemical contaminants from the
substrates are very limited.

Heavy metals are not a negligible problem as they can be bio-accumulated in insect
bodies. Harmful metals from the environment have been found in the insects, such as in the
fat, exoskeleton, reproductive organs, and digestive tracts, where they accumulate. A study
on the yellow mealworm (Tenebrio molitor) and black soldier fly (Hermetia illucens) larvae
showed that the insects accumulate cadmium, lead, and arsenic when they feed on
contaminated substrates, such as organic matter in soils that contain these metals (VIVER et
al., 2003), or from a herbicide, sodium-methyl arsenate (vaN DER FELS-KLERX et al., 2016).
High lead content was found in dried grasshopper, and the dehydration resulted increase of
lead concentration (HANDLEY et al., 2007). Extreme accumulation of selenium was found in
Tenebrio molitor larvae (Hocan & Razniak, 1991).

Pesticides used against invading insects are potentially dangerous for consumers,
particularly if the insects and insect products have been obtained by wild harvesting rather
than controlled farming. It is a real problem in some developing countries, where edible, even
dead insects, mainly locusts and grasshoppers, are collected and consumed after insecticide
treatment. According to a study in Kuwait, the captured locusts contained no chlorinated
pesticides, but a relatively high amount of organophosphorus pesticides was found, possibly
due to the pesticides that were used in that area (SAEED et al., 1993). However, in case of
pesticide treatment, only about less than 0.1% of pesticides applied reaches their target pests,
the remaining 99.9% moves into the environment and may accumulate in the beneficial biota,
soil and water, therefore can accumulate in edible insects through the substrate used for
feeding (PTMENTEL, 1995).
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The presence of benzoquinone in insects was also demonstrated (Brown et al., 1992),
which is widely distributed in plants, and accumulates in insects, in particular Tenebrionidae
species (Crespo et al., 2011). Ingestion of this kind of insects can be cytotoxic in humans, but
International Agency for Research on Cancer (IARC) officially states that no epidemiological
dataare available on the carcinogenicity of 1,4-benzoquinone, and classified 1,4-benzoquinone
as potentially not carcinogenic to humans (Group 3; IARC, 1999).

Processing of insects also arises formation of potentially toxic compounds, like
heterocyclic aromatic amines, such as acrylamide or furan, and other compounds, such as
chloropropanol, due to heat treatment (IARC, 1993), but there are no data available on their
content in edible insects.

9. Conclusions

Insect consumption by humans has always been a worldwide practice, especially in those
countries, where food is in short supply and food safety is not a concern. The nutritional value
of insects is comparable to that of other animal protein sources, such as crustaceans, fish, and
meat. Insects have high quality protein content due to the presence of all the essential amino
acids in the recommended ratios. Additional value of insects is their fatty acid composition,
which is within the suggested range for health purposes. Moreover, insects might be important
fibre sources.

Concerning hazards, insects, like other foodstuffs, may cause allergic symptoms (FDA,
1995). Some insect allergens have common cross-reactivity, for example, insects and
crustaceans. From a microbiological point of view, insects can harbour different kinds of
food pathogenic bacteria, but a properly managed insect farm could remain free from
pathogens. The possibility for insects to harbour parasites has also been described, but this
risk can be reduced, since parasites are strictly connected to environmental features. Chemical
risks can be reduced by avoiding consumption of those insects, which synthetize poisons and
reduce the chemical bioaccumulation by a controlled feeding program, to minimise the feed
contamination by chemicals.

This review demonstrates the possibility for humans to consume edible insect species
with no more hazards than other animal products. Insects can be regarded as safe, if properly
managed and consumed.

The publication is supported by the EFOP-3.6.3-VEKOP-16-2017-00008 project. The project is co-financed by the
European Union and the European Social Fund.
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