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There is currently significant international interest in promoting and enhancing the consumption of
insects. Due to the nutritional properties together with the low ecological and economic impact of
production, insect farming and the use of its by-products is turning into a promising food industry
which is gradually being developed in Europe, supported by Regulation (EU) 2015/2283 on novel
foods. In light of the possible increase in the consumption of food products derived from this type of
animal, the Section of Food Safety and Nutrition of the Scientific Committee of the Spanish Agency
for Consumer Affairs, Food Safety and Nutrition (AECOSAN) has been asked to conduct an assess-
ment of the microbiological and allergenic risks associated to eating insects.

Insects are carriers of a highly diverse microbiota. Some of these microorganisms, both from
the intestinal contents and from the external surface, are pathogens and may result in food-borne
diseases. Technological treatments applied in the food industry, mainly heat treatments (boiling,
frying, toasting), help to significantly reduce microbial counts. However, pathogenic spore-forming
bacteria may survive these treatments and grow during storage prior to consumption.

The risks of allergy associated with the consumption of insects may be linked to primary allergic
reactions following intake or to cross-reactivity due to the presence of pan-allergens in patients
already allergic to other invertebrates. Heat treatment reduces, but does not eliminate, all of the
allergenicity of some of the proteins responsible for allergenic risk.

Good hygiene practices must be applied during the farming, processing and marketing of insects
intended for human consumption in order to control the microbiological hazards. Consequently,
Guidelines to Good Hygiene Practices must be prepared to help food business operators to bet-
ter understand Community legislation on food hygiene, and to apply it correctly and uniformly. In
addition, operators who process and/or market insects intended for human consumption should
introduce a system based on hazard analysis and critical control points.

Translated from the original published in the journal: Revista del Comité Cientifico de la AECOSAN, 27, pp: 11-40
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At present, no microbiological criteria have been defined for insects intended for human con-
sumption. It therefore seems advisable to develop specific criteria applicable to this type of food
product, considering the product type, the processing and other factors which may affect its quality
and microbiological safety.

At home, basic standards of hygiene should be adopted to minimise the risk of cross contamina-
tion, the proliferation of potentially pathogenic microorganisms and their survival.

Edible insects, novel foods, food safety, pathogenic microorganisms, microbiological risk, aller-
genicity, good hygiene practices.
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1. Introduction

1.1 Basis of the request

The new Regulation (EU) 2015/2283 on novel foods is applicable from 1 January 2018 (EU, 2015).
The scope of this Regulation includes whole insects and their parts, which were not largely con-
sumed in the European Union before 15 May 1997. In order to authorise a novel food, it is neces-
sary to demonstrate, based on the available scientific tests, that the food does not pose a risk to
human health, and one of the aspects to be assessed is the microbiological safety of these novel
foods.

In light of the possible increase in the consumption of these animals, the Section of Food Safety
and Nutrition of the Scientific Committee of the Spanish Agency for Consumer Affairs, Food Safety
and Nutrition (AECOSAN) has been asked to conduct an assessment of the microbiological and
allergenic risks associated with the consumption of insects.

1.2 Species of edible insects

Insects are the most diverse group of animals on Earth, and can be found in almost all terrestrial and
aquatic ecosystems, forming a large part of the total animal biomass (Lazaro, 2011). From the Greek
entomos (insect) and phagie (to eat), entomophagy, a term used to refer to the human consumption
of insects, is a habit that has always formed part of the human diet. However, it might be considered
a cultural phenomenon as it is closely linked to the customs and religions of the different peoples
of the world. The Old Testament is the oldest written document to describe the ancient custom of
eating insects. However, the roots of entomophagy are even older, and several sources indicate that
insects have been part of the human diet from immemorial time (Testa et al., 2017).

According to the Food and Agriculture Organisation for the United Nations (FAQ) and the World
Health Organisation (WHO), the evolution of agriculture and livestock farming is very closely linked
to this eating habit, where those societies which have most developed the livestock farming of
mammals are the societies who are least accustomed to insects consumption (FAO/WHO, 2013). In
addition, entomophagy is linked to rural areas with a natural or subsistence economy through the
use of more abundant or easy to obtain resources.

From a food point of view, insects have been consumed for a number of reasons and in different
circumstances: in times of famine, as a staple food in the diet (sometimes a delicacy), and they have
even been used in association with rites and in traditional medicine (Matallana and Torija, 2006).
Their intake is documented from the classical world, in Greece and Rome, to China and India. The
Middle Ages in Europe saw a change in eating habits and the consumption of insects disappeared
almost completely. Nevertheless, even today they are widely consumed around the world. The FAOQ/
WHO (2013) estimates that more than 2 000 million people in the world are regular insectivores,
mainly in the regions of Asia, Africa and America, while in most of Western countries it causes
rather aversion. Although interest in edible insects has increased significantly in recent years, their
contribution to the total food intake in Europe remains limited. Nonetheless, different international
organisations consider that the consumption of insects may have important economic, environmen-
tal and nutritional benefits (Testa et al., 2017).
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Of all the known species of insects, approximately 2 000 are considered to be edible around the
world, and this figure is increasing constantly. However, although there are no available figures for
the quantity of insects consumed around the world, according to the FAO/WHO (2013), beetles and
caterpillars make up half of the total global consumption of insects, followed by bees, wasps and
ants, at 14 % of the total, grasshoppers, locusts and crickets (13 %), Hemiptera (10 %), termites and
dragonflies (3 % respectively) and flies (2 %).

Usually, they are harvested wild from the natural environment, processed (boiling, baking or roas-
ting) and eaten (NVWA, 2014) (EFSA, 2015). Eggs, larvae, pupae and adults, that is, all the stages of
insect development, are used as food. Unlike vertebrates, insects are usually eaten whole, without
removing the digestive tract.

The European Food Safety Authority (EFSA) includes them as a food category in the FoodEx2 food
classification and description system. According to the EFSA (2015), the species of insects which
are most likely to be consumed in the European Union are flies (Musca domestica and Hermetia illu-
cens), mealworms (Tenebrio molitor, Zophobas atratus and Alphitobius diaperinus), moths (Galleria
mellonella and Achroia grisella), silkworms (Bombyx mori) and crickets, locusts and grasshoppers
(Acheta domesticus, Gryllodes sigillatus, Locusta migratora migratorioides and Schistocerca ame-
ricana). They also include arthropods, such as spiders and scorpions, which strictly speaking are
not insects. Table 1 includes the insects and arachnids listed in reports from the EFSA or national
organisations of the European Union (Belgium, Holland and Italy) and which, if authorised, may
potentially be consumed as human food.

Table 1. Insects and arachnids which are more likely to be consumed in Europe
Common name Scientific name

House cricket Acheta domesticus
Lesser wax moth Achroia grisella

Litter beetle Alphitobius diaperinus
Black fungus beetle (buffalo worm) Alphitobius laevigatua
European honey bee Apis mellifiera
Leafcutter ant Atta laevigata

Silk worm/moth Bombyx mori

Chinese scorpion Buthus martensii
Blowfly Chrysomya chloropyga
Greater wax moth Galleria mellonella
Emperor moth Gonimbrasia belina
Banded cricket Gryllodes sigillatus
Jamaican field cricket Gryllus assimilis
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Table 1. Insects and arachnids which are more likely to be consumed in Europe

Common name

Scientific name

Two-spotted field cricket

Gryllus bimaculatus

Field cricket

Gryllus campestris

Field cricket

Gryllus testaceus

Thailand black tarantula

Haplopelma minax (nigra)

Black soldier fly

Hermetia illucens

African migratory locust

Locusta migratora (migratorioides)

House fly

Musca domestica

Locusts/Grasshoppers

Orthoptera: Mecapoda elongata; Oxya spp.;
Melanoplus spp.; Hieroglyphus spp.; Acridia spp.

Bombay locust

Patanga succincta

Palm weevil

Rhynchophorus ferrugineus

American grasshopper

Schistocerca americana

Desert locust

Schistocerca gregaria

Mealworm

Tenebrio molitor

Giant mealworm beetle

Zophobas atratus

In addition, Regulation (EU) 2017/893 as regards the provisions on processed animal protein (EU,
2017) permits the production of the following species of insects intended for animal feed: black
soldier fly (H. illucens), common housefly (M. domestica), yellow mealworm (T. molitor), lesser mea-
lworm (A. diaperinus), house cricket (A. domesticus), banded cricket (G. sigillatus) and Jamaican
field cricket (Gryllus assimilis). These insects are currently farmed in the European Union and com-
ply with safety conditions. This list may be amended in the future, based on the assessment of
the risks posed by the insect species concern to animal health, public health, plant health or the
environment.

1.3 Insect farms
The farming of insects for human consumption has several advantages over traditional livestock
farming: insects convert food into body mass far more effectively, they need less water, release
lower greenhouse gases and the energy necessary for their farming is lower. In addition, for most
insects, almost all the insect can be used, making their farming even more efficient (FAO/WHO,
2013).

Insect farming has the same characteristics as other animal production systems (EFSA, 2015).
Installations must comply with hygiene requirements in order to reduce the possible contamination
with pathogenic microorganisms. Contact must be avoided with wild insects and other sources
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of contamination (Belluco et al., 2013) (NMWA, 2014). Insects need access to water and feed and
excrete intestinal content in the form of fine powder waste (EFSA, 2015). This waste can be used as
fertiliser (EFSA, 2015).

In European farms, insects are kept in closed environments, such as cages or boxes, where the
environment, substrate, water, etc., can be controlled. No hormones, antibiotics or chemical com-
pounds except biocides are used for disinfecting the production environment between batches of
insects (EFSA, 2015).

Eggs are introduced onto the substrate manually, mechanically or by natural oviposition di-
rectly by the adult insects. The conditions and time necessary for the development of the eggs
until reaching the time of harvest, as larvae, pupae or adults depends on the species. For example,
mealworms require 8 to 10 weeks at 28-30 °C and 60 % relative humidity to reach the correct pro-
duction size, crickets and grasshoppers up to 4 months, but the black soldier fly only needs 12 days
(EFSA, 2015).

An active separation process from the substrate is usually required for harvesting the larvae. This
may be performed manually, or be more or less automated (EFSA, 2015).

Given the high microbial load in the intestinal tract of this type of animal, it has been suggested
that the insects are fasted prior to harvesting and processing in order to ensure that the intestinal
tract is empty, together with evisceration (Dobermann et al., 2017). However, some authors have
not observed any improvement in the microbiological quality following fasting (Wynants et al., 2017,
2018). In more industrialised systems, which require extensive processing after harvest, this stage is
not always included (EFSA, 2015). After harvesting the insects, they may or may not be slaughtered.
The most usual form of slaughter is by freezing (EFSA, 2015).

It has been suggested that insect farms emit fewer ammonia and fewer greenhouse gases than
conventional farms, and insects are more efficient in converting feed to protein. Insects are able to
convert low value organic by-products into high value food or feed (Oonincx and Dierenfeld, 2012)
(Van Huis and Oonincx, 2017). In addition, less land is required for the farms, and insect farming is
a low-tech, low capital investment activity (FAO/WHO, 2013). Nevertheless, the energy needs of
insects farms are high, as being cold-blooded animals their body temperature depends on the am-
bient temperature, which must be kept relatively high. On the other hand, this also means that the
feed consumed by insects is used efficiently for growth, as they do not need to maintain a constant
body temperature (Van Huis and Qonincx, 2017). This places Spain in a very favourable position as a
potential insect producer, given our climate. It is to be expected that the environmental risks asso-
ciated with insect farming are comparable to those of other animal production systems (EFSA, 2015).

Insect farming is subject to the prohibitions and exceptions regarding the feeding of animals
other than ruminants with products of animal origin as established in Regulation (EC) No 999/2001
(EU, 2001) and the rules established in Regulation (EC) No 1069/2009 (EU, 2009b). Therefore, it is not
permitted to feed insects with ruminant proteins, catering waste, meat- and bone-meal and manure.
In addition, Regulation (EC) No 767/2009 prohibits the use of faeces in animal feed (EU, 2009a).
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1.4 Processing systems

Insects intended for human consumption may be marketed whole, in ground or paste form, or as
an extract of protein, fat or chitin. The processing of insects varies depending on the production
system and product type.

In many parts of the world, insects are harvested wild from the natural environment. In these
cases, traditional processing first includes the removal of foreign bodies and non-edible parts (in-
testine, wings, legs and head, depending on the species). Next, they are washed with cold or warm
water, toasted or cooked and then grounded after drying in the sun, or consumed whole, although
sometimes they are eaten raw (Mutungi et al., 2017). They may also be packed in sacks, cans or
plastic containers for storage and their subsequent sale.

Where insects are farmed, those which are sold whole are subjected to some sort of processing
before distribution in order to reduce the microbial load and to extend their shelf-life. The most
usual processes are boiling, freezing and drying. Insects may subsequently be dried and ground,
and presented in powder form, or ground without prior treatment or after freezing to presentthem in
paste form. The production process applied depends on the insect in question. It has already been
demonstrated that the process applied to a particular insect may not result in a pleasant flavour
or texture for another insect (Stoops et al., 2017). These products are normally used as ingredients
in other food. A large variety of techniques for mechanical isolation or for extraction with solvents
exist for the fragmentation of insects. However, in many cases there is no data available regarding
the methodology used (EFSA, 2015).

1.5 Nutritional aspects of insects

Insects are known for having numerous nutritional qualities, particularly associated with their high
percentage of protein, high mono- and polyunsaturated fatty acid content, and trace elements in-
cluding copper, iron, magnesium, manganese, phosphorus, selenium and zinc, and some vitamins
such as riboflavin, pantothenic acid, biotin and folic acid. Nevertheless, some authors (Nowak et al.,
2016) indicate that the information available about the contribution of insects to the nutrient intake is
still too limited to consider them as a source of nutrients or as nutrient rich in accordance with the
directives of the Codex Alimentarius (FAO/WHO, 2007).

Most of the studies published about the nutritional value of edible insects indicate a high variabi-
lity depending on the species, the life cycle, the feed and their origin (collected in nature or farmed
in a controlled environment). Therefore, the estimated energy value may vary from 293 to 763 kcal
per 100 g of dry matter according to the insect in question (Rumpold and Schluter, 2013) (Abbasi, et
al., 2016) (Koufimska and Adamkové, 2016).

In general, the protein content is considered to be particularly high in species of Orthoptera (cric-
kets and grasshoppers), with 77 % of protein over dry matter. There are also significant variations
within the same order. Within the Hymenoptera, the percentage of protein over dry matter varies
from 4.9 % in the Myrmecosistus melliger ant to 66 % in the Atta mexicana ant.

This is a highly digestible and good quality protein (slightly lower than beef or egg protein), which
contain all the essential amino acids, representing 46-96 % of the total quantity of amino acids
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(Xiaoming et al., 2010). However, in relation to other foods of animal origin, insects have relatively
low proportions of the histidine, lysine and tryptophan amino acids (Sanchez-Muros et al., 2014). It
should be noted that the protein content of some species may be overestimated due to the presen-
ce of chitin (due to the acetamide group, which provides nitrogen to the total content) in its shell
(Lazaro, 2011).

In addition, the lipid composition, which may vary between 10 % (African migratory locust L. mi-
gratoria) and 60 % (G. mellonella caterpillar), is characterised by a high content of unsaturated fatty
acids (higher than 60 %) and in particular the oleic, linoleic and a-linolenic acids, all of which have
been proven to have a positive effect on human health. In general, the lipid content is higher in the
larval stages than in adult insects (Santurino-Fontecha et al., 2016). Recent studies confirm that
insects may be considered as food sources of fatty acids with a high nutritional value thanks to the
balanced composition of SFAs (saturated fatty acids), MUFAs (monounsaturated fatty acids) and
PUFAs (polyunsaturated fatty acids) (Aman et al., 2017) (Sampat et al., 2017).

With regard to micronutrients, insects have a highly variable content of vitamins and minerals
depending on the species and genera, and on the metamorphic stage and diet. Rumpold and Schlu-
ter (2013) reported that except for the larvae of the fly M. domestica, insects are poor in calcium,
potassium and sodium. However, they have high quantities of phosphorus, magnesium, zinc and iron
and adequate quantities of manganese and copper for meeting the daily requirements of humans. In
general, the iron and calcium content is higher than that of beef, pork and chicken. The caterpillar
of the G. belina moth is noted for its iron content (31-77 mg/100 g of dry matter) and the larvae of the
palm weevil Rhynchophorus phoenicis for their content in zinc (26.5 mg/100 g of dry matter).

In addition, the consumption of 100 grammes of insects may cover the daily requirements of an
adult in riboflavin, pantothenic acid and biotin. The Orthoptera and Coleoptera have a particularly
high folic acid content, and the yellow beetle T. molitor and the cricket A. domesticus have a high
vitamin B12 content. However, they are considered to be a major source of the vitamins A and C,
niacin and thiamine. In addition, the vitamin E content is low except in the species Drosophila mela-
nogaster and Microcentrum rhombifolium (Oonincx and Dierenfeld, 2012).

Lastly, some studies claim that chitin may be considered as dietary fibre, making edible insects a
very important source of fibre, especially those species with hard exoskeletons (Belluco et al., 2013).

In light of the above, the WHO and the FAO openly recommend the consumption of insects as a
possible path to solving nutritional deficiencies in developing countries and in particular, as feed for
livestock (FAO/WHO, 2013).

1.6 Antimicrobial resistance
Some studies indicate that insects may be vectors of bacteria, carriers of certain genetic determi-
nants of antimicrobial resistance. In addition, the possibility has been put forward that the intestinal
tract of insects acts as an in vivo scenario for the plasmid horizontal transfer of antimicrobial resis-
tance between bacteria (Crippen and Poole, 2009) (Anacarso et al., 2016).

However, little information is available in the scientific literature in relation to the presence and
distribution of resistance genes in species of edible insects. Nevertheless, significant percentages



AECOSAN Scientific Committee: Microbiological and allergenic risks associated with the consumption of insects

have been observed of the presence of antimicrobial resistance genes widely used in primary pro-
duction, such as the tetracyclines, macrolides, aminoglycosides and last resort antibiotics such
as vancomycin. Osimani et al. (2017) observed a high prevalence of the gene tetM which codes
resistance to tetracycline in the mealworm Tenebrio molitor L., which is higher in samples marketed
in Europe (100 %) than in the samples from Thailand (80 %). They also detected the presence of the
macrolide resistance gene erm(B) in 57.5 % of the samples, and of vanA, which provides resistance
to vancomycin, in 90 % of samples from Belgium and in 10 % of those produced in France, while the
gene aac-aph which provides resistance to aminoglycosides was observed in 40 % of the samples
produced in Holland and Belgium and in 20 % of those from Thailand. The authors link these findings
to the usual microbiota identified in the mealworm (Lactobacillus, Pseudomonas spp., Escherichia
coli, Klebsiella spp. and Enterococcus). In addition, Milanovi¢ et al. (2016) found a high incidence
of genetic determinants of tetracycline and macrolide resistance in 11 species of edible insects,
observing a different pattern depending on the country of origin (Holland and Thailand). This is
probably due to differences in the regulation of the use of biocides established in each country,
which may exercise selective pressure on the microorganisms present in the insects, favouring the
appearance of resistance to antimicrobial substances.

Moreover, it has also been recently suggested that the intestinal content of insects might be a
source of new antimicrobial compounds (Akbar et al., 2018).

These studies, although limited, verify the need to propose the cautious use of antimicrobial
substances in the production of insects intended for human consumption, and to address the as-
sessment of this potential risk for public health associated with their consumption.

1.7 Consumption of insects in Europe and in third countries
Most of the edible species which have been catalogued are found in Latin America, Asia and Africa,
coinciding with the location of the majority of regular consumers of insects.

There is a long history of entomophagy of man’s adaptation to his environment in these regions.
From the “cultivation” of insect eggs (mainly diptera and grasshoppers) by the Aztecs in standing
water and lakes to obtain a sort of caviar (ahuauhlte), to the methods used to collect weaver ants
whose larvae stages have always been highly appreciated for both their nutritional and medici-
nal qualities in Southeast tropical China, in Bangladesh, India, Malaysia and Sri Lanka. Numerous
methods are also employed in Africa for the collection of termites whose larvae stages are prefe-
rred for consumption.

Mexico is one of the main countries with a traditional insect consumption. Although this has de-
clined in recent years, the frequency of consumption is estimated to vary from several times a week
to once a month depending on the seasons of the agricultural harvest. The most frequently consu-
med species include the chapuline (Orthoptera of various species of crickets and grasshoppers
including Sphenarium purpurascens) in maize tortillas with avocado and chilli, escamoles (larvae
of the ant Liometopum apiculatum) in tacos or tortillas, jumiles (stink bugs from the Pentatomidae
genus), fly larvae or ahuauhtle (the afore-mentioned Aztec caviar) and Maguey worms. The latter
are the larvae stage of the Comadia redtenbacheri or Aegiale hesperalis butterflies harvested on
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the leaves of Agave hesperalis, and eaten in tortillas or used, together with the larvae of the weevil
Scyphophorus acupunctatus (Curculionidae) to ferment the well-known Mezcal, a distilled alcoho-
lic beverage made from the leaves of Agave americana in the state of Oaxaca.

In some countries such as Mexico and the south of Asia, the gastronomy associated with insects
is currently found as a tourist attraction with more than 150 edible species on offer.

Unlike the entomophagic societies, Western culture, although there are records of entomophagy
in the West, are considered enthomophobic, with widely disparate reactions and feelings, ranging
from curiosity to absolute rejection. However, in countries such as the United States, Japan and the
European Union, interest in the consumption of insects is re-emerging through restaurants offering
exotic cuisine, markets which sell insects and some businesses which farm and prepare them for
wholesale or directly to the consumer. These products include ants, butterfly caterpillars and bee
larvae covered in chocolate; chapulines, silkkworms and Maguey worms, bees, and even scorpions
in Japan, fried or prepared in syrup. Products prepared with insect by-products are also available,
including bread made with cricket flour which is sold in Finland or energy bars, made with cricket
flour sold in Spain.

They are also found in processed food products. This is the case of the natural carmine red co-
lorant E 120, which is commonly used in dairy and meat products, and which is obtained from the
extract of the dried bodies of the females of the cochineal Dactylopius coccus.

In Europe, until the entrance of the new Regulation (EU) 2015/2283 on novel foods, some Member
States of the European Union permitted the marketing of certain species of insects for human con-
sumption. For example, in Belgium up to 10 species of edible insects were marketed (FASFC, 2014).
This trade was subject to the application of good hygiene practices, traceability, labelling and self-
checking system all along the food chain. The mealworm (7. molitor), the litter beetle (Alphitobius
diaperinus) and the migratory locust (Locusta migratoria) are farmed in Holland (Belluco et al., 2013).
Insects are also found in other countries of the European Union including Austria, Denmark, Finland
and the United Kingdom. It is interesting to note that a scientific journal specifically dedicated to the
role of insects in human and animal food and feed has recently been published (Journal of Insects
as Food and Feed, http://www.wageningenacademic.com/loi/jiff), as a result of the first “Insects to
feed the world” Conference held in Holland in May 2014.

Apart from the fashion for exotic cuisine, at present there is a real interest at international level to
promote and value the nutritional properties of insects. The report “Edible insects: future prospects
for food and feed security” by the FAO/WHO, published in 2013, analyses the possibilities offered by
insects as an important alternative for the future of humanity and indicates that their potential as
food and, in particular, as feed is open to investigation.

2. Principal microorganisms and food-borne pathogenic parasites present

in insects

Insects are carriers of a very diverse microbiota associated with their life-style and the farming and
processing conditions. Given their habitats, cold blood, and composition, significant differences
are expected as regards the microbiological and parasitic risks, compared to the farming of con-
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ventional animals. It is necessary to distinguish between the risk of purchasing wild edible insects,
which may be very different to the inherent risks of consuming farmed insects. In addition, certain
associated diseases summarised below are produced as a result of accidental intake (EFSA, 2015).
The microorganisms intrinsically associated with insects may be present in their digestive tract or
on their external surface. The microbiota of the digestive tract is essential for their metabolism, be-
haviour and survival and remains in the insect, even when access to food is limited, prior to harvest,
in order to void the intestinal tract. Some of these microorganisms, both from the intestinal tract and
from the external surface may be pathogenic (EFSA, 2015).

The different studies conducted on the microbiological risks of insects arrive at different conclu-
sions. Important factors which increase the risk of microbial contamination would appear to be de-
ficient hygiene and inadequate conditions of harvesting, drying, transport, storage and distribution
(Testa et al., 2017). The farming of insects allows the production conditions to be controlled, thus re-
ducing the risk of pathogenic microorganisms. Wild insects are more exposed to possible contami-
nation (NVWA, 2014). These conditions are particularly relevant in underdeveloped and developing
countries, where inadequate hygiene conditions have been recorded during handling, processing,
storage and marketing (Braide et al., 2011).

The literature contains several microbiological studies conducted on different species which are
used in human food or may potentially be used. Many of these studies have been performed in Africa
and South America, as these are regions in which there is a traditional consumption of certain spe-
cies (Amadi et al., 2005) (Agabou and Alloui, 2010) (Braide et al., 2011) (Hernéandez-Flores et al., 2015).

2.1 Bacterial pathogens
The study of insect microbiology has been addressed from two principal approaches: conventio-
nal microbiology (based on cultivation) or populational analysis (independent of cultivation). The
cultivation-based studies indicate a high bacterial load, with high mesophilic aerobic counts in the
majority of cases, at 108 CFU/g (Amadi et al., 2005) (Braide et al., 2011) (Klunder et al., 2012) (Stoops
et al., 2016) (Garofalo et al., 2017) (Grabowski and Klein, 2017a) (Vandeweyer et al., 2017a). It is ne-
cessary to remember that these studies have been conducted on different species of insects which
have been subjected to diverse treatments and have not always been processed in the same way.

High counts have been found in the digestive tract of insects, reaching levels of 2.8 x 10" CFU/ml
(Cazemier et al., 1997), being an important source of contamination (Rumpold et al., 2014) (Grabowski
and Klein, 2017a). The bacteria isolated in the digestive tract of insects include: Streptococcus, B.
subtilis, E. coli, Enterobacter liquefaciens, Klebsiella pneumoniae and E. cloacae (Dillon and Char-
nley, 2002). The microbiota of the feed appear to determine the microbiota present in the insect,
although some species show a competitive advantage in the digestive tract of the insect and beco-
me dominant (Wynants et al., 2018). It should be noted that the insects are often consumed whole,
without evisceration.

In the study carried out by Vandeweyer et al. (2017a) on three species of insects, high pH values
were observed (between 6.4 and 6.7), together with high values of water activity (0.96). These high
values for pH and water activity are suitable for the growth of a wide range of microorganisms.
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The presence of certain pathogenic bacteria has been demonstrated regularly. The presence of
Salmonella spp., Campylobacter spp., E. coli 0157:H7, Staphylococcus aureus, Bacillus cereus has
been recorded (Wales et al., 2010) (Belluco et al., 2013) (Rumpold and Schliiter, 2013) (Dobermann et
al.,, 2017) (Grabowski and Klein, 2017a) (Mutungi et al., 2017). In addition, it should be noted that cer-
tain insects are considered to be vectors of Salmonella spp. and Campylobacter spp. (Belluco et al.,
2013). The spores of pathogenic bacteria, resistant to the processing treatments generally applied
to insects are of particular concern, as these are able to grow during storage (NVWA, 2014). In this
respect, it has recently been demonstrated that spore-forming bacteria survive at levels of 10*CFU/g
after boiling, while the remaining bacterial groups were significantly affected (Vandeweyer et al.,
2017b) (Wynants et al., 2018).

Significantly different results have been obtained in the studies conducted on the presence of
pathogenic bacteria in insects. Some studies observe the absence of the pathogenic bacteria stu-
died while others have detected the presence of pathogenic bacteria and mycotoxin-producing
moulds (Braide et al., 2011) (Belluco et al., 2013) (Dobermann et al., 2017) (Grabowski and Klein,
2017a) (Wynants et al., 2018). Nevertheless, it should be remembered that the presence of pathoge-
nic bacteria in insects which may be intended for human consumption depends on the insect spe-
cies, the developmental stage, the farming conditions (production system, food and environment),
their processing and handling, and even the conditions of consumption (FASFC, 2014) (EFSA, 2015).
This fact may explain the differences found in the literature.

The insects are farmed at relatively high temperatures, therefore if the pathogenic bacteria in-
dicated are present in the production environment or in the food, they may multiply. Consequently,
these pathogenic bacteria may be presentin non-processed insects intended for human consump-
tion (NVWA, 2014).

Given the huge variety of edible insects, it is important to consider the species. Different studies
find microbiological differences among insect species, and within the same species a huge varia-
bility was found from the microbiological point of view. The production system and food also play
an important role. Moreover, depending on the insect species, they are used for consumption in
different developmental stages (larvae, pupae, adults). In addition, the insects may be sold whole,
or as their parts, and even as by-products used as a source of proteins. All these factors may affect
microbiological safety (EFSA, 2015) (Vandeweyer et al., 2017a).

Data on the histamine content in insects, although present as a neurotransmitter, has not been
found in the literature (Elias and Evans, 1983). Nor has data been found on the free histidine content
or the presence of decarboxylase-producing bacteria. The histidine composition in insects ranges
between 15.7 and 27 mg/g of protein (Rumpold and Schliiter, 2013), suggesting that the risk due to
biogenic amines is very low.

Culture-independent microbiological studies reveal a huge microbial diversity, which also differs
according to the insect species and the farming systems (Jung et al., 2014) (Stoops et al., 2016)
(Garofalo et al., 2017) (Wynants et al., 2018). In addition, these studies reveal the presence of poten-
tially pathogenic microorganisms (Listeria spp., Clostridium spp., Staphylococcus spp. or Bacillus
spp.) (Garofalo et al., 2017). The conclusions which can be reached from these studies are that the
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microbial communities vary according to the insect species, the diet and farming conditions and the
capacity of the microorganisms to adapt to the different environmental conditions occurring in the
insect (Jung et al., 2014) (Garofalo et al., 2017).

2.2 Viral pathogens

There is a large variety of viruses which may be pathogenic for insects. However, only on a very few
occasions do insects act as vectors of viruses able to infect vertebrates. These arthropod viruses
are called Arboviruses. They successfully replicate in vectors such as flies, mosquitoes or ticks,
they are able to cross the species barrier, replicate efficiently in vertebrates and cause disease in
humans (such as Dengue fever, the West Nile disease, Rift Valley yellow fever, haemorrhagic fever
or Chickungunya) or farm animals (such as Schamallenberg). Nevertheless, there is no evidence
that these viruses occur in insects used as food or feed (EFSA, 2015).

Insects may also act as passive vectors of human and farm animal viral diseases. It has been
suggested on a number of occasions that, for example, flies may passively transmit the avian flu
virus (EFSA, 2015). It has also been suggested that some viruses may survive in animal manure used
as a substrate for fly farming (EFSA, 2015). Nevertheless, in any of these cases, the use of a suitable
substrate for the farming of the insects or an effective processing would mitigate the risk of the
possible transmission of these viruses.

2.3 Fungi

The fungal microbiota analysis also revealed very varied results in the counts, ranging from less
than 2 log CFU/g to 5.7 log CFU/g (Simpanya et al., 2000) (Stoops et al., 2016) (Garofalo et al., 2017)
(Vandeweyer et al., 2017b) (Wynants et al., 2018). Some isolated insect moulds belong to species
with mycotoxigenic potential (Aspergillus, Penicillium, Fusarium) and the presence of aflatoxins
was also detected in samples of insects, in concentrations which sometimes reached 50 pg/kg
(Mpuchane et al., 1996), far higher than the maximum established limits in the European Union for
aflatoxins, which may not exceed 15 pg/kg in the most permissive case (EU, 2007). Charlton et al.
(2015) detected Beauvericin mycotoxins (synthesised by the entomopathogenic fungus Beauveria
bassiana), eniantin A and eniantin A1 (synthesised by Fusarium spp.) in examples of Musca domes-
tica. Another notable aspect is the huge quantity of new fungal species found in the digestive tract
of insects, unknown to date, which in the case of yeasts is estimated to be almost 50 % (Suh et al.,
2005).

2.4 Parasites
The risks of disease from parasites associated with the intake of insects are scarcely documented.
The literature describes various examples of insects as vectors for parasitosis, although it should
be noted that many of the descriptions are anecdotal.

As regards single-cell parasites, Chagas disease in South America caused by Trypanosoma cruzi
with triatoma as vectors affects more than 10 million people. In addition, Toxoplasma gondii has
been found in cockroaches and some diptera (Graczyk et al., 2005), and therefore its transmission
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via these insects cannot be dismissed. Entamoeba histolytica and Giardia lamblia have also been
found in cockroaches and in the common fly, and other protozoa (Kinfu and Erko, 2008) (Oyeyemi et
al., 2016) (Mutungi et al., 2017).

There is a review on the risk of various types of foodborne trematodosis, but it does not specify
insects as the authoritative cause in all cases. It is, in fact, more associated to consumption habits
in the endemic regions (Chai et al., 2009). Dicrocoelium dendriticum is a trematode which affects
grazing livestock. However, it has been associated with infection in humans as a result of the acci-
dental intake of ants in Kyrgyzstan (Jeandron et al., 2011). In eastern Asia, the trematodes Phane-
ropsolus bonneiand Prosthodendrium molenkampi are able to cause infection in their cercarial and
metacercarial forms, and are found in the nymph stage (naiad) and adult stage of the dragonfly and
the damselfly (Belluco et al., 2013).

The cestoda Hymenolepsis diminuta uses a number of insects as intermediate hosts, including
the mealworm Tenebrio molitor. The consumption of the infected insects transmits the parasite,
typically to the final host (rodents), but also to livestock and humans (Shostak, 2014).

In countries such as Nigeria and Ethiopia, it has been possible to isolate the nematodes Trichu-
ris trichiura, Ascaris lumbricoides, Enterobius vermicularis, Taenia spp. in cockroaches and in the
common fly (Kinfu and Erko, 2008) (Oyeyemi et al., 2016). The nematode Gongylonema pulchrum uses
beetles and cockroaches as intermediate hosts in Iran. Some cases have been specifically reported
associated to the intake of these insects (Wilson et al., 2001).

Intestinal myiasis is associated with the accidental intake of eggs or larvae of the common fly and
other diptera, of which some are used in animal farming (ANSES, 2015).

No data is presently available regarding parasitic disease caused by the intake of farmed insects
(EFSA, 2015). As initial sterile states of these farmed insects are used, the acquisition of parasites
from the environment is unlikely (Belluco et al., 2013). Other authors indicate that prior experience of
the appearance of new microbiological risk in the farming of other insects indicates that new risks
cannot be dismissed, as the invertebrate pathogens are more frequently found in mass breeding
systems (Grau et al., 2017).

2.5 Prions

Prions are the cause of a group of lethal neurodegenerative pathologies characteristic of mammals,
also known as Transmissible Spongiform Encephalopathies. Molecularly they are formed of a functio-
nal protein which has lost its normal function, acquiring the capacity to change the conformation of
the normal form to pathological and to auto-replicate. The scientific literature includes references
to different types of prions, specifically of mammals, of yeast and filamentous fungi (Wickner et al.,
2004) and of a marine mollusc of the genus Aplyssia (Bussard, 2005). However, to date no related
prions or proteins specifically from insects have beenidentified and, as they lack the genes that code
them, the possibility that the PrP mammalian prion protein might replicate in the insects is dismissed.
Some published studies support this theory by inoculating prions from sheep infected with typical
and atypical Scrapie in transgenic and non-transgenic Diptera D. melanogaster (Post et al., 1999)
(Thackray et al., 2012, 2014). The transgenic specimens able to express the coding gene for the ovine
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PrP protein developed accelerated neurotoxic effects, while the wild specimens did not develop any
type of response. In addition, the appearance of a protein of resistance against PrPsc (the ovine PrP
protein) was observed in the transgenic individuals. Other studies are available on the expression of
mammalian PrP proteins in transgenic D. melanogaster (Gavin et al., 2006) (Sartori et al., 2010).

Although edible insects cannot act as biological vectors of human or animal prions, a number of
studies suggest the possibility that they behave as mechanical vectors for these prions. Post et al.
(1999) detected the presence of the PrPsc protein in dead adult specimens of the Diptera Sarcopha-
ga carnaria, responsible for human and animal myiasis, after feeding fly larvae with hamster brains
infected with Scrapie. In addition, clinical symptoms were observed and the detection of PrPsc in 50
% of the healthy rodents fed with internal organs of infected larvae and pupae, concluding that the
larvae of S. carnaria, as they fed on a contaminated source, might be passively colonised with the
prion responsible for Scrapie, and that all the phases of their life cycle may act as a passive vector
for the prion, even when dead, which is transmitted when consumed by a vertebrate, thus permit-
ting the development of the pathology. In addition, Lupi (2006) concluded that the ocular, cutaneous,
intracerebral and spinal myiasis, due to Hypoderma bovis or Oestrus ovis, are linked to the develo-
pment of human prion diseases and to the transmission of prion encephalopathy which affects wild
cervids in North America, and Corona et al. (2006) linked the larvae of 0. ovis carriers of PrPsc with
the transmission of Scrapie in sheep.

To date, there are no scientific studies to link species of edible insects to the role of vector or
carrier of animal or human prions. The recent report from the EFSA (2015) on the hazards posed by
insects for human and animal food and feed indicate that this hazard may be associated with the
use of substrates for farmed insects which include proteins derived from animal by-products, in
particular protein of human or ruminant origin. Although the hazard is estimated to be comparable
and not higher than other non-processed sources of protein of animal origin, further studies will
be necessary if manure, kitchen waste, or even human manure are used for feeding the insects.
The EFSA also extends their conclusion to proteins derived from insects, as the transformation of
insects may reduce the presence of hiological hazards even more.

3. Risks associated with allergenicit

There is still too little knowledge about allergic reactions following the intake of insects, although
in recent years some research groups have begun to study the epidemiology and predictability of
allergic reactions, particularly in patients who are already allergic to other arthropods. Reactions
caused by primary sensitivity to insects can be distinguished from the hypothetically predictable
reactions due to cross-reactivity in patients who are already allergic to other arthropods. In 2017,
Ribeiro et al. published a systematic review of the risks of allergy produced by edible insects, analy-
sing articles describing, on the one hand, primary allergic reactions to insects and on the other hand
the possibility of cross-reactivity and co-sensitivity among edible insects, shellfish and house dust
mites (Ribeiro et al., 2017). This is currently the most complete and updated review in this area. The
review and reports from official bodies (in particular (ANSES, 2015) (EFSA, 2015) also include other
lateral aspects linked with the intake of insects, and which are therefore briefly mentioned here.
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The capacity of insects to sensitise and/or cause allergic reactions is well-known and depends
on the path of exposure. Most cases of insect allergy are caused by stings from insects belonging
to the order Hymenoptera, although bites by blood-sucking insects, poisonous spines or hairs and
defensive secretions can also elicit allergic reactions (Ribeiro et al., 2017).

Additionally, insects or volatile substances emanating from them can also act as aeroallergens.
The professional exposure of workers in contact with insects may cause eczema, contact urticaria
or respiratory symptoms such as rhino conjunctivitis and bronchial asthma. In these scenarios, it is
possible to confirm an allergic mechanism due to aeroallergens or contact allergens among insect
farm workers, farmers or bakers (contamination of the flours). Specifically, the sensitisation due to
inhalation of the mealworm or migratory locust has been documented (Locusta migratoria) (Ribeiro
et al., 2017). Fungi from the Aspergillus, Penicillium, Alternaria and Candida genera are able to sen-
sitise by inhalation and form part of the microbiota on the surface of insects and at the same time be
a cause of occupational allergy (Schliiter et al., 2017).

The relevance of the sensitisation via inhalant allergens is due to the possibility of causing, in
a second stage, a clinical relevance with possible allergic reaction after intake, not only of the
insect in question, but also of others, due to cross-reactivity. Thus, one publication describes the
allergy due to the intake of mealworms in persons with prior inhalant allergy due to the same insect
as a result of professional or domestic contact. These patients are described due to their primary
sensitivity to this insect without an allergy to shellfish, although one of the patients was sensitive
to dust mite (Broekman et al., 2017). Preventive measures include adequate ventilation and the use
of protective clothing and masks, as well as the exclusion of allergic personnel from these tasks.

As regards the possibility of allergies due to cross-reactivity, this area is hypothetical rather than
clearly demonstrated. However, the first in vitro studies carried out recently have been able to de-
monstrate cross-reactivity between seafood (in particular shellfish, but also molluscs) and edible
insects, and between shellfish and house dust mite. Both sensitisations to dust mite or shellfish are
of relevance, in particular, due to their epidemiological importance. Allergies to shellfish are among
the most frequently occurring food allergies, while allergies to dust mite in many parts of the world
are the most frequent cause of respiratory allergies (rhinoconjunctivitis and bronchial asthma). Stu-
dies of possible cross-reactivity have been carried out in particular for edible insects expected to
be of relevance in the European Union: the mealworm (7. molitor), field crickets (Gryllus bimaculatus
and G. campestris), the house cricket (A. domesticus), locusts (Patanga succinta and Mecopoda
elongata), the litter beetle (A. diaperinus) and the giant mealworm (Z. atratus) (Ribeiro et al., 2017). In
one study, the majority of sera from patients allergic to dust mite or shrimp tropomyosin recognised
in vitro the extracts of the mealworm. The same authors were able to demonstrate a predictability
of cross-reactivity in silico, based on a high probability of cross-reactivity if there is 35 % identity
over a sliding window of 80 or more amino acids (Verhoeckx et al., 2014). The same research group
published the only study of possible clinical relevance of these findings. 15 shrimp-allergic patients
were provoked (double-blind and controlled) with mealworm. 87 % of the provocations were positi-
ve, with the threshold dose for the appearance of objective symptoms found in equal to or lower do-
ses than the quantity of protein from this insect contained in snacks produced at present (Broekman
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et al., 2016). These findings were interpreted as surprising in the review by Ribeiro et al. (2017), as
the high percentage referred to as the clinical relevance of cross-reactivity is higher than the 75 %
of the possible clinically relevant cross reactions between different species of shellfish, which are
always taxonomically closer. An extension of this study with the same patients demonstrated the
cross-reactivity (in vitro) of shrimps with other insects tested: the giant mealworm Zophobas morio,
the litter beetle A. diaperinus, the wax moth G. mellonella, the black soldier fly H. illucens (all in final
larvae stage), and the house cricket A. domesticus and the locust L. migratoria migratorioides. Thus
cross-reactivity was demonstrated with four different orders (Coleoptera, Lepidoptera, Diptera, Or-
thoptera and different life stages) (Broekman et al., 2017). The field cricket has also been studied,
finding the recognition of two bands with a set of sera from shrimp-allergic patients in its extract.
Other studies demonstrated in vitro cross-reactivity between the silkworm and cockroaches on the
one hand and shrimps on the other.

With respect to the allergens responsible for cross-reactivity between edible insects, dust mite
and shellfish, tropomyosin and arginine-kinase should first be noted but also others including
a-tubulin, B-tubulin, actin, troponin, fructose-biphosphate aldolase, myosin light chain, paramyosin,
hexamerin, hemocyanin.

The findings of conserved sequences of the allergenic proteins and hence cross-reactivity are
not unexpected if you consider that the invertebrates in question are taxonomically close in relation
to humans, whereas the distance between humans and the invertebrates studied is sufficiently dis-
tant to easily induce an immune response. Nevertheless, it should be noted that the in vitro studies
and the in-silico tests must be confirmed in vivo (provocation tests or accumulated experience of
cases described).

Although the intake of insects may be accidental, the publications on allergic reactions to insects
are related to voluntary intake. The majority of the literature refers to cases and studies in Asia,
Africa and South America. The species reported as the cause of allergic reactions are grasshop-
pers/locusts, silkworm larvae, Cordyceps sinensis, a fungal parasite of insects such as the silkworm
pupae (Bombyx mori), the emperor moth caterpillar (Gonimbrasia belina), the mealworm, the giant
mealworm (Zophobas morio) some cicadas, bee pupae and larvae, the moth Clanis bilineata and
the red palm weevil (Rhynchophorus ferrugineus). On the whole, the epidemiology of the allergic
reactions is unknown and to date they have been particularly described in regions where their
consumption is more frequent.

The severe cases of allergy described, the anaphylactic reactions deserve an approximation and
special mention: in China 17.3 % of the food-induced anaphylactic shocks were caused by the in-
take of insects, the most frequent species being the grasshopper. In China, allergic reactions from
the intake of the silkworm are estimated to amount to 1 000 cases per year (Ji et al., 2008). In Thai-
land, food-induced anaphylaxis amounted to 19.4 % due to the intake of the same species. Seven
cases of anaphylaxis following the intake of fried grasshoppers and locusts were reported during 2
years in a Thai hospital (Pener, 2014). In another approach, in Laos, the prevalence of allergic reac-
tions in the insect-consuming population was 7.6 %, without giving details of the species concerned.
There are no fatal cases recorded in the literature. The document published by the ANSES (Agence
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nationale de sécurité sanitaire de I'alimentation, de I'environnement et du travail) calculates the risk
of reaction due to cross-reactivity as 100 000 people in France, in a hypothetical risk (ANSES, 2015).
This number appears to be very high and should be re-assessed as entomophagy is introduced as
a mode of food in Europe.

Chitin is a carbohydrate which forms part of the cell walls of fungi and the exoskeletons of ar-
thropods. It has properties which increase the immune response or encourage an inflammatory
allergic response. The human being has chitinases, but there is often a deficiency of this enzyme
and consequently this substance is considered indigestible. Dissected insects contain up to 10 %
chitin (Arbia et al., 2013). Nevertheless, a daily portion of 45 g of lyophilised insects with an average
content of 6 % chitin does not pose a health concern (EFSA, 2010). Body parts with chitin may build
up in the intestine and cause intestinal obstruction (FAO/WHO, 2013). Grasshopper legs and wings
should be removed before consumption.

In conclusion, analysis of the literature highlights the possibility of cross-reactivity due to the
presence of pan-allergens in patients already allergic to other invertebrates, with a higher risk of
reaction if the allergic reaction is due to shellfish. Primary sensitisation to edible insects does not
appear to be associated to the sensitisation to pan-allergens, probably due to sensitisation to more
specific allergens of the insect in question. The true epidemiology of allergic reactions to edible
insects is not known. It would appear that patients with primary sensitisation to any insect are
able to tolerate a number of other insects (Broekman et al., 2017). Nevertheless, lack of experience
due to the limited entomophagous customs in Europe calls for caution when attempting to forecast
allergenic hazards. The documents consulted recommend that, at minimum, consumers with prior
allergies to shellfish be advised of the possibility of allergic reactions to insects. To date, there is no
treatment for insects prior to their intake which guarantees the elimination of the allergenic effects.

4. Expected effect of processing on the microbiological quality of the in-

sects and their allergenicity

The type of processing applied to insects intended for human consumption has a major influence
on their microbiological safety and quality (Belluco et al., 2013) (Grabowski and Klein, 2017b). In ge-
neral, different studies have revealed a high microbial load in insects, highlighting high mesophilic
aerobic microorganisms, Enterobacteriaceae and spore counts (Braide et al., 2011) (Klunder et al.,
2012) (Caparros Megido et al., 2017) (Grabowski and Klein, 2017a).

A number of studies have assessed the effect of heat treatment on the microbiological quality of
the insects for human consumption. Klunder et al. (2012) demonstrated that boiling insects Tenebrio
molitor at 100 °C (5-10 minutes) reduces the total Enterobacteriaceae and mesophilic aerobic mi-
croorganisms counts from 107 to less than 10 CFU/g. Moreover, these authors found that oven drying
at 90 °C for 110 minutes reduces the total mesophilic count to 2 or 3 log cycles and the Enterobac-
teriaceae count from 3to 5 log cycles. Roasting for 10 minutes preceded by scalding also produced
a significant reduction in the Enterobacteriaceae count. High mesophilic aerobic microorganisms
counts and mould and yeast counts have been observed in smoked insects, and therefore prior
boiling in water at 100 °C, for 10 minutes is recommended in the case of the mealworm and 5 minutes
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for the domestic cricket (Caparros Megido et al., 2017). To the contrary, spore-forming bacteria are
able to survive these heat treatments, germinating during the process and proliferating during the
conservation period prior to consumption. This risk is reduced in the case of insects associated with
lactic fermentation processes due to the effect of the pH on bacterial growth and germination. Simi-
lar results in relation to heat treatment have been obtained more recently by Stoops et al. (2017), by
Vandeweyer et al. (2017b) and by Wynants et al. (2018). Adamek et al. (2018) concluded that the most
ideal procedure for the long-term conservation of insects was hoiling in water followed by drying at
103 °C for 12 hours and hermetic packing of the product.

In addition, it has been confirmed that the process of grinding raw insects increases the microbial
load and decreases the effectiveness of heat treatments in comparison to when these treatments
are applied to whole insects.

Grabowski and Klein (2017b) indicated differences in microbiological quality according to the type
of product tested. These authors observed higher microbiological counts in dried and powdered
insects than in those which were fried and boiled. The groups tested by these authors were: me-
sophilic aerobic microorganism, Enterobacteriaceae, moulds and yeasts, Staphylococcus spp. and
Bacillus spp. All the samples analysed of processed insects revealed the absence of Salmonella, L.
monocytogenes, E. coliand Staphylococcus aureus. However, these authors detected the presence
of B. cereus, Listeria ivanovii, Mucor spp., Aspergillus spp. and Penicillium spp. in samples of dried
and powdered insects. The dried and powdered insects which were tested exceeded the values
established in the hygiene criteria for processes applicable to meat products, the criteria which
have been proposed for insects. Consequently, these authors recommend the application of heat
treatment prior to their consumption.

B. cereushas been observed in dried and powdered insects, in some cases reaching populations
of 6.0 log CFU/g (Grabowski and Klein, 2017b). Powdered insects may be used in other food products
and be subject to heat treatments. Given that B. cereus has high heat resistance, it is able to survive
pasteurisation. Consequently, special attention should be given to the control of B. cereus in dried
products.

Different methodologies exist for drying the insects. The hygiene conditions, and the different
time-temperature measures produce different microbial counts (Mpuchane et al., 2000) (Grabowski
and Klein, 2017a). This demonstrates the importance of hygiene measures during the drying process.

The effect of high hydrostatic pressures has been studied for mealworms. Treatments of 600 MPa
have proven effective in the microbial inactivation. Similarly, heat treatment in water at 90 °C for 15
minutes is effective (Rumpold et al., 2014).

As with any food, the handling of the insects during the process is a factor which increases the risk
of their contamination. The presence of Staphylococcus spp. has been recorded in insects subject
to heat treatment and is attributed to contamination during post-treatment handling (NMWA, 2014).

The storage and packing of insects is an important factor to be considered in order to guarantee
the safety of the insects (Braide et al., 2011). In relation to packaging, this should take place in modi-
fied atmospheres in order to reduce humidity and microbial proliferation. In this way the shelf life of
the product can be extended (Braide et al., 2011) (Stoops et al., 2017). Lastly, the storage conditions
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of the processed insects is a risk factor for the multiplication of agents which have survived the
treatments applied, in particular spore-forming microorganisms.

It is important to carry out studies in order to establish the shelf life of the insects sold. The shelf
life of 52 weeks indicated by some manufacturers of insects processed for human consumption
has not been documented with any scientific basis (NMWA, 2014). However, there are studies on
mealworm paste which conclude a shelf life of 3-7 days at 2-7 °C, of 7 days if vacuum packed and 14
days if the packaged product is pasteurised (FASFC, 2014).

The processing treatments have some effect on allergenicity, as with other foods, which cannot
always be predicted. As regards the capacity of recognition of the IgE of shrimp-allergic patients
with in vitro methods, the heat treatment of the mealworm does not change the binding capacity of
the IgE (Broekmanet al., 2017). This was confirmed in another study which analysed the binding ca-
pacity of IgE compared to tropomyosin more specifically (Van Broekhoven et al., 2016), while frying
at 180 °C did eliminate it. The increase of allergenicity of the glyceraldehyde-3-phosphate dehydro-
genase of the Bombay locust (Patanga succinta) has also been demonstrated (Phiriyangkul et al.,
2015). It should be noted that the very stability of the proteins in the case of extreme temperatures
and digestive enzymes is one of the characteristics of food-borne allergens. For tropomyosin, the
stability of the epitopes during lyophilisation is also known (Van Broekhoven et al., 2016). It can be
concluded that heat treatment reduces, but does not eliminate, all of the allergenicity of, at least,
some of the proteins responsible for allergenic risk.

giene practices related to the consumption of insects

For the control of microbiological hazards in insects intended for human consumption, adequate
hygiene measures must be applied during the breeding, processing and marketing processes. The
raw consumption of insects may be linked to the food-borne diseases described, therefore ade-
quate culinary treatment or freezing is recommended prior to consumption. The study at industrial
level of the different treatments (lyophilisation, freezing, heat treatments, etc.) used on insects for
the prevention of these diseases is considered necessary. The different studies carried out show
that the concentration of hygiene indicator microorganisms is extremely variable and may be very
high in insects which have not received any type of heat treatment; however, the most frequently
applied heat treatments (boiling, frying, toasting) produce a significant reduction in the microbial
counts (NVWA, 2014).

In the European Union the sector dedicated to edible insects, as is the case in any other food sec-
tor, must comply with a set of obligatory hygiene requirements established in Regulations 852/2004
(EU, 2004a) and 853/2004 (EU, 2004b). These include the requirement to prepare, apply and maintain
a procedure based on the principles of Hazard Analysis and Critical Control Points (HACCP) system.
In addition, it must satisfy the requirements of Regulation (EC) No 178/2002 (EU, 2002) on traceability.
Consequently, Guides to Good Hygiene Practices should be prepared to help the sector to better
understand Community legislation on food hygiene, and to apply it correctly and uniformly, together
with Guides for the Application of the Principles of the HACCP system, which help the sector to
apply this system with consideration for its nature and characteristics.
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At present, there are no defined microbiological criteria for insects intended for human consump-
tion. Although the following food safety criteria have been proposed for insects sold for human
consumption: absence of Salmonella in 10 grammes, and Listeria monocytogenes less than 100
CFU/g (NMWA, 2014). The process hygiene criteria applicable in the European Union for foods of
animal origin includes the following counts, with the highest maximum limit M as indicated: ae-
robic colonies (5 x 10° CFU/g in minced meat), Enterobacteriaceae (100 CFU/g in egg products),
E. coli (5 000 CFU/g in meat products), coagulase positive staphylococci (10° CFU/g in raw milk-
based cheeses), Campylobacter spp. (1 000 CFU/g in broiler carcasses) and alleged Bacillus ce-
reus (500 CFU/g in dried infant formulae), in addition to the absence of Salmonella in carcasses.
As regards food safety criteria, they consider Listeria monocytogenes (less than 100 CFU/g during
the product shelf life), Salmonella and Cronobacter spp. (absence in 25 g and 10 g, respectively),
Staphylococcal enterotoxins (not detected in 25 g) and histamine (less than 400 mg/kg) (EU, 2005). In
light of the large number of potential insect species which might be destined to human consumption
and the variety of possible methods of processing, the development of specific criteria applicable to
insects is advisable, taking into account the product type, the processing method and other factors
which might affect the microbiological quality.

One aspect of great relevance is adequate labelling. The labelling of marketed insects must indi-
cate the adequate conditions of storage and preparation, together with tips to consumers on prac-
tices at domestic level to reduce risks, including instructions on the elimination of certain parts,
such as cricket wings or legs, to improve the culinary experience and avoid risks of asphyxia, the
message “wash before use” or instructions for cooking (FASFC, 2014) (EFSA, 2015). An inadequa-
te cooking temperature may destroy vegetative pathogenic microorganisms, but may encourage
sporulation of B. cereus. Therefore, special attention must be paid to the preparation of insects
by the consumer, recommending boiling for 5 or 10 minutes, or oven drying at 90 °C for 15 minutes.
In the report written by the FASFC (2014) the application of heat (cooking) prior to consumption is
considered essential.

The label should also warn of the possibility of allergic reactions in patients who are allergic to
shellfish. This information must be available to the consumer to allow them to proceed correctly
when handling these insects and therefore reduce any risks.

In many cases, depending on the processing type to which the insects have been subjected,
they should be stored refrigerated. The temperature and shelf life of the product must be indicated.

At home, the following basic standards of hygiene should be adopted to minimise the risk of
cross-contamination, the proliferation of potentially pathogenic microorganisms and their survival:

* Do not consume insects of dubious origin or that have been produced for animal feed.

¢ Insects for human consumption must be purchased from authorised establishments and must

be suitably packaged and labelled in accordance with current legislation.

* The special conditions of conservation of the edible insects indicated on the label must be

observed.

¢ Do not consume insects beyond the best before date indicated by the manufacturer.

* Do not consume raw insects as these may be contaminated by microorganisms.
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* Raw insects should be boiled in water for 5 or 10 minutes, or oven dried at 90 °C for 15 minutes
prior to consumption.

¢ After cooking the insects must not be left at room temperature as this may cause the prolifera-
tion of microorganisms.

e [fthey cannot be consumed immediately, the left-overs to be kept must be maintained in a cool
atmosphere and eaten as soon as possible. These left-overs must be heated to temperatures
of more than 65 °C prior to consumption.

* Cooked insects must be stored in closed containers.

¢ Cooked insects must be stored separately to raw food or objects (knives, chopping boards,
work surfaces, tea towels, etc.) which have previously been in contact with raw food, as they
may be re-contaminated by contact.

¢ Edible insects must only be handled with clean hands, utensils and on clean surfaces.

e Only use drinking water for handling at home.

Conclusions of the Scientific Committee

Insects are carriers of a large variety of microorganisms, some of which may be pathogenic for hu-
man. Hygienic conditions during insect farming and production have a notable effect on the risk of
the presence and proliferation of pathogenic microorganisms. The presence of certain pathogenic
bacteria has been regularly demonstrated, in particular spore-forming bacteria, able to resist the
processing treatments and to grow during the subsequent storage.

The effects of insect processing on allergenicity are not foreseeable. Some of the allergens res-
ponsible for allergic reactions are stable to lyophilisation and heat treatment. To date, there is no
processing for insects prior to their intake which guarantees the elimination of the allergenic effects.

The processing applied to insects intended for human consumption has a significant influen-
ce on their microbiological safety and quality. Depending on the type of processing applied, heat
treatment is recommended prior to consumption.

It would be important to establish the most suitable preservation methods for the different spe-
cies of insect intended for human consumption and to assess the impact on the microbiological
safety and quality. Similarly, studies of shelf life would be of interest together with a risk assessment
associated with their consumption.

The preparation of Guides for Good Hygiene Practices together with Guides for the Application of
the Principles of the HACCP system should be encouraged, to help the edible insect sector to intro-
duce self-control systems in accordance with their production and processing characteristics, and
to promote the information provided to the consumer on the purchasing, handling and preservation
of edible insects and specific recommendations for consumption for certain population groups.

The definition and application of specific microbiological criteria applicable to insects and their
by-products is necessary, considering the product type, the processing and other factors which
may affect their quality and microbiological safety.

For insects intended for human consumption, adequate labelling is required which includes ins-
tructions on the storage and preparation conditions and a warning about possible allergic reactions.



AECOSAN Scientific Committee: Microbiological and allergenic risks associated with the consumption of insects

References

Abbasi, T., Abbasi, T. and Abbasi, S.A. (2016). Reducing the global environmental impact of livestock production:
the minilivestock option. Journal of Cleaner Production, 112, pp: 1754-1766.

Adéamek, M., Micek, J., Adamkovéa, A., Suchéankova, J., Janalikova, M., Borkovcova, M. and Bednarova, M.
(2018). Effect of different storage conditions on the microbiological characteristics of insect. Potravinarstvo
Slovak Journal of Food Sciences, 12, pp: 248-253.

Agabou, A. and Alloui, N. (2010). Importance of Alphitobius diaperinus (Panzer) as a reservoir for pathogenic
bacteria in Algerian broiler houses. Veterinary World, 3, pp: 71-73.

Akbar, N., Siddiqui, R., Ighal, M., Sagathevan, K. and Khan, N.A. (2018). Gut bacteria of cockroaches are a poten-
tial source of antibacterial compound(s). Letters in Applied Microbiology, 66, pp: 416-426.

Amadi, E.N., Ogbalu, 0.K., Barimalaa, I.S., Pius, M. and Harcourt, P. (2005). Microbiology and nutritional
composition of an edible larva (Bunaea alcinoe Stoll) of the Niger Delta. Journal of Food Safety, 25, pp:
193-197.

Aman, P, Frederich, M., Caparros Megido, R., Alabi, T., Malik, P, Uyttenbroeck, R., Francis, F, Blecker, C. and
Haubruge, E. (2017). Insect fatty acids: A comparison of lipids from three Orthopterans and Tenebrio molitor L.
larvae. Journal of Asia-Pacific Entomology, 20, pp: 337-340.

Anacarso, |., Iseppi, R., Sabia, C., Messi, P, Condg, C., Bondi, M. and de Niederhdusern, S. (2016). Conjugation-
mediated transfer of antibiotic-resistance plasmids between Enterobacteriaceae in the digestive tract of Bla-
berus craniifer (Blattodea: Blaberidae). Journal of Medical Entomology, 53 (3), pp: 591-597.

ANSES (2015). Avis de I'Agence Nationale de Sécurité Sanitaire de I’Alimentation, de I'Environnement et du
Travail relatif a « la valorisation des insectes dans I'alimentation et |'état des lieux des connaissances scienti-
fiques sur les risques sanitaires en lien avec la consommation des insectes». Saisine n° 2014-SA-0153.

Arbia, W., Arbia, L., Adour, L. and Amrane, A. (2013). Chitin extraction form crustacean shells using biological
methods-A review. Food Technology and Biotechnology, 51, pp: 12-25.

Belluco, S., Losasso, C., Maggioletti, M., Alonzi, C.C., Paoletti, M.G. and Ricci, A. (2013). Edible insects in a food
safety and nutritional perspective: a critical review. Comprehensive Reviews in Food Science and Food Sa-
fety, 12, pp: 296-313.

Braide, W., Oranusi, S., Udegbunam, L.I., Oguoma, 0., Akobondu, C. and Nwaoguikpe, R.N. (2011). Microbiologi-
cal quality of an edible caterpillar of an emperor moth, Bunaea alcinoe. Journal of Ecology and the Natural
Environment, 3, pp: 176-180.

Broekman, H., Verhoeckx, K.C., den Hartog Jager, C.F,, Kruizinga, A.G., Pronk-Kleinjan, M., Remington, B.C., Brui-
jnzeel-Koomen, C.A., Houben, G.F. and Knulst, A.C. (2016). Majority of shrimp-allergic patients are allergic to
mealworm. Journal of Allergy and Clinical Immunology, 137 (4), pp: 1261-1263.

Broekman, H.C., Knulst, A.C., Gaspari, M., Jager, C.F.D., De Jong, G., Houben, G.F. and Verhoeckx, K.C. (2017).
Is mealworm food allergy indicative for food allergy to other insects? Journal of Molecular Nutrition & Food
Research, 61 (9). Available at: https://doi.org/10.1002/mnfr.201601061 [accesed: 18-06-18].

Bussard, A. (2005). A scientific revolution? The EMBO Journal, 6 (8), pp: 691-694.

Caparros Megido, R., Desmedt, S., Blecker, C., Bera, F, Haubruge, E., Alabi, T. and Francis, F. (2017). Microbiolo-
gical load of edible insects found in Belgium. Insects, 8 (12), pp: 1-8.

Cazemier, A.E., Hackstein, J.H.P,, Op den Camp, H.J.M., Rosenberg, J. and van der Drift, C. (1997). Bacteria in the
intestinal tract of different species of arthropods. Microbial Ecology, 33 (3), pp: 189-197.

Chai, J.Y., Shin, E.H., Lee, S.H. and Rim, H.J. (2009). Foodborne intestinal flukes in Southeast Asia. Korean Journal
of Parasitology, 47 (suppl.), pp: S69-S102.

Charlton, A.J., Dickinson, M., Wakefield, M.E., Fitches, E., Kenis, M., Han, R., Zhu, F,, Kone, N., Grant, M., Devic, E.,
Bruggeman, G., Prior, R. and Smith, R. (2015). Exploring the chemical safety of fly larvae as a source of protein
for animal feed. Journal of Insects as Food and Feed, 1, pp: 7-16.

Lz u 091)3uB19 9NWOO [ap eisiAa |53



Lz ,u 0911}UaI0 9UWO9 [ap elsiABl | R

AECOSAN Scientific Committee: Microbiological and allergenic risks associated with the consumption of insects

Corona, C., Martucci, F, lulini, B., Mazza, M., Acutis, P.L., Porcario, C., Pezzolato, M., Manea, B., Maroni, A.,
Barocci, S., Bozzetta, E., Carmelli, M. and Casalone, C. (2006). Could Oestrus ovis act as vector for scrapie?
Abstract Prion 2006, Turin, pp: 131.

Crippen, T.L. and Poole, T.L. (2009). Conjugative transfer of plasmid-located antibiotic resistance genes within the
gastrointestinal tract of lesser mealworm larvae, Alphitobius diaperinus (Coleoptera: Tenebrionidae). Food-
borne Pathogens and Disease, 6 (7), pp: 907-915.

Dillon, R. and Charnley, K. (2002). Mutualism between the desert locust Schistocerca gregaria and its gut micro-
biota. Research in Microbiology, 153, pp: 503-509.

Dobermann, D., Swift, J.A. and Field, L.M. (2017). Opportunities and hurdles of edible insects for food and feed:
Nutrition Bulletin, 42, pp: 293-308.

EFSA (2010). European Food Safety Authority. Scientific Opinion on the safety of ‘Chitin-glucan’ as a Novel Food
ingredient. EFSA Journal, 8 (7): 1687.

EFSA (2015). European Food Safety Authority. Scientific Opinion on a risk profile related to production and con-
sumption of insects as food and feed. EFSA Journal, 13 (10): 4257.

Elias, M.S. and Evans, P.D. (1983). Histamine in the insect nervous system: distribution, synthesis and metabolism.
Journal of Neurochemistry, 41, pp: 562-568.

EU (2001). Regulation (EC) No 999/2001 of the European Parliament and of the Council of 22 May 2001 laying down
rules for the prevention, control and eradication of certain transmissible spongiform encephalopathies. 0J
L 147 of 31 May 2001, pp: 1-40.

EU (2002). Regulation (EC) No 178/2002 of the European Parliament and of the Council of 28 January 2002 laying
down the general principles and requirements of food law, establishing the European Food Safety Authority
and laying down procedures in matters of food safety. 0J L 31 of 1 February 2002, pp: 1-24.

EU (2004a). Regulation (EC) No 852/2004 of the European Parliament and of the Council of 29 April 2004 on the
hygiene of foodstuffs. 0J L 139 of 30 April 2004, pp: 1-54.

EU (2004b). Regulation (EC) No 853/2004 of the European Parliament and of the Council of 29 April 2004 laying
down specific hygiene rules for food of animal origin. 0J L 139 of 30 April 2004, pp: 55-205.

EU (2005). Commission Regulation (EC) No 2073/2005 of 15 November 2005 on microbiological criteria for foods-
tuffs. 0J L 338 of 22 December 2005, pp: 1-26.

EU (2007). Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting maximum levels for certain
contaminants in foodstuffs. 0J L 364 of 20 December 2006, pp: 5-24

EU (2009a). Regulation (EC) No 767/2009 of the European Parliament and of the Council of 13 July 2009 on the pla-
cing on the market and use of feed, amending European Parliament and Council Regulation (EC) No 1831/2003
and repealing Council Directive 79/373/EEC, Commission Directive 80/511/EEC, Council Directives 82/471/EEC,
83/228/EEC, 93/74/EEC, 93/113/EC and 96/25/EC and Commission Decision 2004/217/EC. 0J L 229 of 1 September
2009, pp: 1-28.

EU (2009b). Regulation (EC) No 1069/2009 of the European Parliament and of the Council of 21 October 2009 laying
down health rules as regards animal by-products and derived products not intended for human consumption
and repealing Regulation (EC) No 1774/2002. 0J L 300 of 14 November 2009, pp: 1-33.

EU (2015). Regulation (EU) 2015/2283 of the European Parliament and of the Council of 25 November 2015 on novel
foods, amending Regulation (EU) No 1169/2011 of the European Parliament and of the Council and repealing
Regulation (EC) No 258/97 of the European Parliament and of the Council and Commission Regulation (EC) No
1852/2001. OJ L 327 of 11 December 2015, pp: 1-22.

EU (2017). Commission Regulation (EU) 2017/893 of 24 May 2017 amending Annexes | and IV to Regulation (EC)
No 999/2001 of the European Parliament and of the Council and Annexes X, XIV and XV to Commission Re-
gulation (EU) No 142/2011 as regards the provisions on processed animal protein. 0J L 138 of 25 May 2017,
pp: 92-116.



AECOSAN Scientific Committee: Microbiological and allergenic risks associated with the consumption of insects

FAO/WHO (2007). Food and Agriculture Organisation for the United Nations/World Health Organisation. Food
Labelling (5th Ed.). Available at: http://www.fao.org/docrep/010/a1390e/a1390e00.htm [accessed: 18-06-18].
FAO/WHO (2013). Food and Agriculture Organisation for the United Nations/World Health Organisation. Edible
insects. Future prospects for food and feed security. Available at: http://www.fao.org/docrep/018/i3253e/

i3253e00.htm [accesed: 18-06-18].

FASFC (2014). Federal Agency for the Safety of the Food Chain. Common advice SciCom 14-2014 and SHC Nr.
9160. Subject: Food safety aspects of insects intended for human consumption. Available at: http://www.afs-
ca.be/scientificcommittee/opinions/2014/_documents/Advice14-2014_ENG_DOSSIER2014-04.pdf [accessed:
18-06-18].

Garofalo, C., Osimani, A., Milanovic, V., Taccari, M., Cardinali, F, Aquilanti, L., Riolo, P, Ruschioni, S., Isidoro, N.
and Clementi, F. (2017). The microbiota of marketed processed edible insects as revealed by high-throughput
sequencing. Food Microbiology, 62, pp: 15-22.

Gavin, B.A., Dolph, M.J., Deleault, N.R., Geoghegan, J.C., Khurana, V., Feany, M.B., Dolph, P.J. and Supatta-
pone, S. (2006). Accelerated accumulation of misfolded prion protein and spongiform degeneration in a
Drosophila model of Gerstmann-Straussler-Scheinker syndrome. The Journal of Neuroscience, 26 (48), pp:
12408-12414.

Grabowski, N. and Klein, G. (2017a). Microbiology of processed edible insect products- Results of a preliminary
survey. International Journal of Food Microbiology, 243, pp: 103-107.

Grabowski, N. and Klein, G. (2017b). Microbiology of cooked and dried edible Mediterranean field crickets (Gry-
llus bimaculatus) and superworms (Zophobas atratus) submitted to four different heating treatments. Food
Science and Technology International, 23 (1), pp: 17-23.

Graczyk, TK., Knight, R. and Tamang, L. (2005). Mechanical transmission of human protozoan parasites by in-
sects. Clinical Microbiology Reviews, 18 (1), pp: 128-132.

Grau, T, Vilcinskas, A. and Joop, G. (2017). Sustainable farming of the mealworm Tenebrio molitorfor the produc-
tion of food and feed. Zeitschrift fiir Naturforschung C, 72 (9-10), pp: 337-349.

Hernandez-Flores, L., Llanderal-Cazares, C., Guzman-Franco, A.W. and Ocampo, A. (2015). Bacteria present in
Comadia redtenbacherilarvae (Lepidoptera: Cossidae). Journal of Medical Entomology, 52 (5), pp: 1150-1158.

Jeandron, A, Rinaldi, L., Abdyldaieva, G., Usubalieva, J., Steinmann, P., Cringoli, G. and Utzinger, J. (2011). Hu-
man infections with Dicrocoelium dendriticum in Kyrgyzstan: the tip of the iceberg? International Journal for
Parasitology, 97, pp: 1170-1172.

Ji, KM., Zhan, ZK., Chen, J.J. and Liu, Z.G. (2008). Anaphylactic shock caused by silkworm pupa consumption in
China. Allergy, 63 (10), pp: 1407-1408.

Jung, J., Heo, A, Park, Y.W., Kim, Y.J., Koh, H. and Park, W. (2014). Gut microbiota of Tenebrio molitor and their
response to environmental change. Journal of Microbiology and Biotechnology, 24, pp. 888-897.

Kinfu, A. and Erko, B. (2008). Cockroaches as carriers of human intestinal parasites in two localities in Ethiopia.
Transactions of the Royal Society of Tropical Medicine and Hygiene, 102, pp: 1143-1147.

Klunder, H.C., Wolkers-Rooijackers, J., Korpela, J.M. and Nout, M.J.R. (2012). Microbiological aspects of proces-
sing and storage of edible insects. Food Control, 26, pp: 628-631.

Koufimska, L. and Adamkova, A. (2016). Nutritional and sensory quality of edible insects. NFS Journal, 4, pp:
22-26.

Lazaro, F. (2011). Los insectos: un alimento exdtico. Trabajo de Fin de Master en Ciencia Farmacéuticas. Facultad
de Farmacia, Universidad Complutense de Madrid.

Lupi, 0. (2006). Myasis as a risk factor for prion disease in humans. Journal of the European Academy of Derma-
tology and Venerology, 20, pp: 1037-1045.

Matallana, M.C. and Torija, M.E. (2006). Los insectos como alimento: ;estan de moda? El consumo de insectos
en el mundo. Schironia, 5, pp: 41-49.

Lz u 0914)}uB19 9NWOD [ap eIsIABL |1



Lz U 0911}UaI0 9UWOD [P EISIABL |

AECOSAN Scientific Committee: Microbiological and allergenic risks associated with the consumption of insects

Milanovic, V., Osimani, A., Pasquini, M., Aquilanti, L., Garofalo, C., Taccari, M., Cardinali, F., Riolo, P. and Clementi,
F. (2016). Getting insight into the prevalence of antibiotic resistance genes in specimens of marketed edible
insects. International Journal of Food Microbiology, 221, pp: 22-28.

Mpuchane, S., Taligoola, H.K. and Gashe, B.A. (1996). Fungi associated with Imbrasia belina, an edible caterpillar.
Botswana Notes and Records, 28, pp: 193-197.

Mpuchane, S., Gashe, B.A,, Allotey, J., Siame, B., Teferra, G. and Ditlhogo, M. (2000). Quality deterioration of
phane, the edible caterpillar of an emperor moth /Imbrasia belina. Food control, 11, pp: 453-458.

Mutungi, C., Irungu, F.G., Nduko, J., Mutua, F, Affognon, H., Nakimbugwe, D., Ekesi, S. and Fiaboe, K.K.M. (2017).
Postharvest processes of edible insects in Africa: A review of processing methods, and the implications for
nutrition, safety and new products development. Critical Reviews in Food Science and Nutrition, pp: 1-23.

Nowak, V., Persijn, D., Rittenschober, D. and Charrondiere, U.R. (2016). Review of food composition data for
edible insects. Food Chemistry, 193, pp: 39-46.

NVWA (2014), Netherlands Food and Consumer Product Safety Authority. Advisory report on the risks associated
with the consumption of mass-reared insects. NVWA/BuR0/2014/2372. Available at: http://www.nvwa.nl/actue-
el/risicobeoordelingen/bestand/2207475/consumptie-gekweekte-insecten-advies-buro [accessed: 18-06-18].

Oonincx, D.G.A.B. and Dierenfeld, E.S. (2012). An investigation into the chemical composition of alternative inver-
tebrate prey. Zoo Biology, 31, pp: 40-54.

Osimani, A., Cardinali, F., Aquilanti, L., Garofalo, C., Roncolini, A., Milanovic, V., Pasquini, M., Tavoletti, S. and Cle-
menti, F. (2017). Occurrence of transferable antibiotic resistances in commercialized ready-to-eat mealworms
(Tenebrio molitor L). International Journal of Food Microbiology, 263, pp: 38-46.

Oyeyemi, 0.T.,, Agbaje, M.0. and Okelue, U.B. (2016). Food-borne human parasitic pathogens associated with
household cockroaches and houseflies in Nigeria. Parasite Epidemiology and Control, 1, pp: 10-13.

Pener, M.P. (2014). Allergy to locusts and acridid grasshoppers: A review. Journal of Orthoptera Research, 23
(1), pp: 59-67.

Phiriyangkul, P, Srinroch, C., Srisomsap, C., Chokchaichamnankit, D. and Punyarit, P. (2015). Effect of food ther-
mal processing on allergenicity proteins in Bombay locust (Patanga succincta). International Journal of Food
Engineering, 1 (1), pp: 23-28.

Post, K., Riesner, D., Walldorf, V. and Mehlhorn, H. (1999). Fly larvae and pupae as vectors for scrapie. Lancet,
354, pp: 1969-1970.

Ribeiro, J.C., Cunha, L.M., Sousa-Pinto, B. and Fonseca, J. (2017). Allergic risks of consuming edible insects: A
systematic review. Molecular Nutrition and Food Research, 62 (1), pp: 1-12.

Rumpold, B.A and Schliiter, 0.K. (2013). Nutritional composition and safety aspects of edible insects. Molecular
Nutrition and Food Research, 57, pp: 802-823.

Rumpold, B.A., Fréhling, A., Reineke, K., Knorr, D., Boguslawski, S., Ehlbeck, J. and Schliiter, 0. (2014). Compa-
rison of volumetric and surface decontamination techniques for innovative processing of mealworm larvae
(Tenebrio molitor). Innovative Food Science and Emerging Technology, 26, pp: 232-241.

Sampat, G., Lee, S.M., Jung, C. and Meyer-Rochow, V.B. (2017). Nutritional composition of five commercial edible
insects in South Korea. Journal of Asia-Pacific Entomology, 20 (2), pp: 686-694.

Sanchez-Muros, M.J., Barroso, F.G. and Manzano-Agugliaro, F. (2014). Insect meal as renewable source of food
for animal feeding: a review. Journal of Cleaner Production, 65, pp: 16-27.

Santurino-Fontecha, C., Garcia-Serrano, A.M., Castro-Gémez, P, Calvo, M.V., Molina, J., Sierra, P. and Fontecha,
F.J. (2016). Insectos comestibles como fuente de lipidos hioactivos potencialmente saludables. I Congreso
Internacional de Alimentos Funcionales y Nutracéuticos. Available at: http://hdl.handle.net/10261/151574 [ac-
cessed: 18-06-18].

Sartori, E., Sandrelli, F, Calistri, A., Cancellotti, E., Lanza, C., Parolin, C., Altavilla, G., Costa, R. and Palu, G. (2010).
A Drosophila melanogaster model for human inherited prion diseases. Journal of Neurovirology, 16, pp: 78-79.


https://digital.csic.es/browse?type=author&value=Santurino-Fontecha%2C+C.
https://digital.csic.es/browse?type=author&value=Calvo%2C+Maria+V.
https://digital.csic.es/browse?type=author&value=Molina%2C+Juan
https://digital.csic.es/browse?type=author&value=Sierra%2C+Pablo
https://digital.csic.es/browse?type=author&value=Fontecha%2C+F.+Javier
https://digital.csic.es/browse?type=author&value=Fontecha%2C+F.+Javier

AECOSAN Scientific Committee: Microbiological and allergenic risks associated with the consumption of insects

Schliiter, 0., Rumpold, B., Holzhauser, T, Roth, A., Vogel, R.F,, Quasigroch, W., Vogel, S., Heinz, V., Jager, H., Ban-
dick, N., Kulling, S., Knorr, D., Steinberg, P. and Engel, K.H. (2017). Safety aspects of the production of foods and
food ingredients from insects. Molecular Nutrition and Food Research, 61 (6), pp: 1600520.

Shostak, A.W. (2014). Hymenolepis diminuta infections in tenebrionid beetles as a model system for ecological
interactions between helminth parasites and terrestrial intermediate hosts: a review and meta-analysis. Jour-
nal of Parasitology, 100, pp: 46-58.

Simpanya, M.F, Allotey, J. and Mpuchane, S.F. (2000). A mycological investigation of phane, an edible caterpillar
of an emperor moth, Imbrasia belina. Journal of Food Protection, 63, pp: 137-140.

Stoops, J., Crauwels, S., Waud, M., Claes, J., Lievens, B. and Van Campenhout, L. (2016). Microbial community
assessment of mealworm larvae (Tenebrio molitor) and grasshoppers (Locusta migratoria migratorioides):
sold for human consumption. Food Microbiology, 53, pp: 122-127.

Stoops, J., Vandeweyea, D., Crauwels, S., Verreth, C., Boeckx, H., Van Der Borght, M., Claes, J., Lievens, B. and
Van Campenhout, L. (2017). Minced meat-like products from mealworm larvae (Tenebrio molitor and Alphito-
bius diaperinus): microbial dynamics during production and storage. Innovative Food Science & Emerging
Technologies, 41, pp: 1-9.

Suh, S.0., Mchugh, J.V., Pollock, D.D. and Blackwell, M. (2005). The beetle gut: a hyperdiverse source of novel
yeasts. Mycological Research, 109, pp: 261-265.

Testa, M., Stillo, M., Maffey, G., Andriolo, V., Gardois, P. and Zotti, C.M. (2017). Ugly but tasty: A systematic review
of possible human and animal health risks related to entomophagy. Critical Reviews in Food Science and
Nutrition, 57 (17), pp: 3747-3759.

Thackray, A.M., Muhammad, F,, Zhang, C., Denyer, M., Spiropoulos, J., Crowther, D.C. and Bujdoso, R. (2012).
Prion-induced toxicity in PrP transgenic Drosophila. Experimental and Molecular Pathology, 92, pp: 194-
201.

Thackray, A.M., Di, Y., Zhang, C., Wolf, H., Prad|, L., Vorberg, |., Andreoletti, 0. and Bujdoso, R. (2014). Prion indu-
ced and spontaneous formation of transmissible toxicity in PrP transgenic Drosophila. Biochemical Journal,
463, pp: 31-40.

Van Broekhoven, S., Bastiaan-Net, S., de Jong, N.W. and Wichers, H.J. (2016). Influence of processing and in
vitro digestion on the allergic cross-reactivity of three mealworm species. Food Chemistry, 196, pp: 1075-1083.

Van Huis, A. and Oonincx, D.G.A.B. (2017). The environmental sustainability of insects as food and feed, a review.
Agronomy for Sustainable Development, 37 (5), pp: 43.

Vandeweyer, D., Crauwels, S., Lievens, B. and Van Campenhout, L. (2017a). Microbial counts of mealworm larvae
(Tenebrio molitor) and crickets (Acheta domesticus and Gryllodes sigillatus) from different rearing companies
and different product batches. International Journal of Food Microbiology, 242, pp: 13-18.

Vandeweyer, D., Lenaerts, S., Callens, A. and Van Campenhout, L. (2017b). Effect of blanching followed by refri-
gerated storage or industrial microwave drying on the microbial load of yellow mealworm larvae (Tenebrio
molitor). Food Control, 71, pp: 311-314.

Verhoeckx, K.C., van Broekhoven, S., den Hartog-Jager, C.F.,, Gaspari, M., de Jong, G.A., Wichers, H.J., van Ho-
ffen, E., Houben, G.F. and Knulst, A.C. (2014). House dust mite (Der p 10) and crustacean allergic patients may
react to food containing Yellow mealworm proteins. Food and Chemical Toxicology, 65, pp: 364-373.

Wales, A.D., Carrique-Mas, J.J., Rankin, M.B., Bell, B., Thind, B.B. and Davies, R.H. (2010). Review of the carriage
of zoonotic bacteria by arthropods, with special reference to Salmonella in mites, flies and litter beetles.
Zoonoses Public Health, 57, pp: 299-314.

Wickner, R., Liebman, S. and Saupe, S. (2004). Prions of yeast and filamentous fungi. In book: Prion biology and
diseases. 2" edition. S.B. Prusiner, pp: 305-372.

Wilson, M.E., Lorente, C.A., Allen, J.E. and Eberhard, M.L. (2001). Gongylonema infection of the mouth in a resi-
dent of Cambridge, Massachusetts. Clinical Infectious Diseases, 32 (9), pp. 1378-1380.

Lz u 091)3uB19 9NWOD [ap eisinas |



Lz U 0911}UaI0 9UWOD [P EISIABL |

AECOSAN Scientific Committee: Microbiological and allergenic risks associated with the consumption of insects

Wynants, E., Crauwels, S., Lievens, B., Luca, S., Claes, J., Borremans, A., Bruyninckx, L. and Van Campenhout,
L. (2017). Effect of post-harvest starvation and rinsing on the microbial numbers and the bacterial community
composition of mealworm larvae (Tenebrio molitor). Innovative Food Science & Emerging Technologies, 42,
pp: 8-15.

Wynants, E., Crauwels, S., Verreth, C., Gianotten, N., Lievens, B., Claes, J. and Van Campenhout, L. (2018). Mi-
crobial dynamics during production of lesser mealworms (Alphitobius diaperinus) for human consumption at
industrial scale. Food Microbiology, 70, pp: 181-191.

Xiaoming, C., Ying, F. and Hong, Z. (2010). Review of the nutritive value of edible insects. Edible insects and other
invertebrates in Australia: future prospects. Proceedings of a Workshop on Asia-Pacific Resources and their
Potential for Development, 19-21 February 2008, Bangkok 2010, pp: 85-92.



