Content is avaliable at SCOPUS

Meat Technology — Special Issue 64/2

www.meatcon.rs = www.journalmeattechnology.com

meatfiin

UDK: 613.28:595.7

meat

technology

ID: 126363657

spedial issue

oo hitps://doi.org/10.18485/meattech.2023.64.2.42

Review paper

Entomophagy — a novel option in animal and human

nutrition

Ksenija Nesi¢*", Radmila Markovi¢® and Dragan Sefer®

@ Scientific Institute of Veterinary Medicine of Serbia, Smolucska 11, 11077 Belgrade, Serbia
b University of Belgrade, Faculty of Veterinary Medicine, Bulevar oslobodjenja 18, 11000 Belgrade, Serbia

ARTICLE INFO

Keywords:
Edible insects
Feed

Food

ABSTRACT

Entomophagy is not a new phenomenon in the world. Moreover, it is a traditional diet in a
large part of the planet. However, in the European framework it belongs to the category of
novel food and although the topic is often debated, it represents a growing choice in human
and animal nutrition. Edible insects have the potential to serve as a healthy, sustainable alter-
native to animal protein sources due to their valuable nutritional composition. They may have
superior health benefits based on high levels of essential amino acids, omega-3 and omega-6
fatty acids, vitamin B12, iron, zinc, fibre and antioxidants. They could offer a myriad of en-
vironmental benefits, including overall reductions in greenhouse gas emissions and reduced
use of agricultural land and water. Future research should aim to understand the beneficial
effects of whole insects or insect isolates compared to traditional foods of animal and plant
origin. Although insects have the potential to be used as meat substitutes or dietary supple-
ments, leading to benefits for human health and the environment, this paper does not aim to
ultimately propagate their use, but to point out their advantages and qualities, as well as poten-
tial dangers and risks, and finally to present ways of placing insects on the European market.

1. Introduction

Entomophagy, or the eating of insects, has

issues, new scientific research has begun on the con-
tribution that insects make to ecosystems, nutrition,
food security and livelihoods (Nesic, 2022).

been of great importance throughout history. There
are numerous indications about the consumption of
insects through various historical sources and liter-
ature and in many religious documents belonging to
Christianity, Islam and Judaism. Despite the fact that
entomophagy persisted in some parts of the world, in
modern Western societies, through the centuries that
followed, it lost its importance and presence. It is
assumed that the most probable reason is the devel-
opment of agriculture and livestock production.
Recently, this topic has attracted the attention of the
public all over the world. Due to the food security
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Considering a growing world population on
one side and climate change and other aggravating
factors on the other, new food chain strategies are
aimed at sustainable food systems that are secure,
safe and environmentally friendly. Insects, which
represent a new choice in the European nutrition,
contribute to this concept and are favourable candi-
dates for supplementing traditional protein sources.
Insect farming is expanding in Europe and consum-
ers are becoming increasingly receptive to this idea.
To ensure future development of the insect market,
it is very important to provide safe insect products.

Paper received April 18" 2023. Paper accepted April 10 2023.

Published by Institute of Meat Hygiene and Technology — Belgrade, Serbia
This is an open access article under CC BY licence (http://creativecommons.org/licences/by/4.0)

231



Ksenija Nesic et al.

Entomophagy — a novel option in animal and human nutrition

Although insects as a possible choice in human and
animal nutrition is a great economic and ecologi-
cal opportunity, consumers must first of all be fully
informed and protected (Delgado et al., 2022).

2. Advantages of entomophagy

Food and Agriculture Organization of the Unit-
ed Nations (F40, 2013; 2021) published its reports
to raise awareness of the many valuable roles that
insects play in sustaining nature and human life, and
to document the contribution that insects already
make to diversifying diets and improving food secu-
rity. The EFSA (2015) list of insects reported to have
the highest potential for use as food and feed in the
EU includes the following species: Musca domes-
tica, Hermetia illucens, Tenebrio molitor, Zopho-
bas atratus (morio), Alphitobus diaperinus, Galleria
mellonella, Achroia grisella, Bombyx mori, Acheta
domesticus, Gryllodes sigillatus, Locusta migratora
migratorioides, Schistocerca Americana.

Interest in entomophagy is growing primarily
due to the good nutritional composition of insects.
They are a source of biologically valuable proteins
(they contain over 60%) with high levels of essential
amino acids (e.g. lysine, tryptophan), omega-3 and
omega-6 fatty acids, vitamin B12, iron, zinc, fibre
and antioxidants. A recent study comparing the nutri-
tional characteristics of a range of insects showed
that the amino acid profile of dipterous insects was
superior to soybean meal and more similar to fish
meal (Barroso et al., 2014). The profile of unsat-
urated fatty acids is similar to that of poultry and
white fish, but contains more polyunsaturated fatty
acids (PUFA) than poultry or red meat (Rumpold and
Schluter, 2013), while it largely depends on the spe-
cies and developmental stage, but also on their diet.

The price of other protein feedstuffs also con-
tributes to the popularization of this novel food, as
animal feed makes about 70% of livestock produc-
tion costs. Therefore, insects that are characterized
by a favourable content of nutrients, low impact on
the environment, smaller requirements for living
space, and which are already part of the natural diet
of pigs, poultry and fish, are an ideal alternative for
feeding animals (Rumpold and Schluter,2013). Feed
conversion ratios in insects are good, like crickets
for example, which need only 2 kg of feed for eve-
ry kilogram of body mass (Collavo et al., 2005). In
addition to the protein precedence, insect fat as a
byproduct of protein production is being considered
for biodiesel refineries (Wang et al., 2017).

There are several environmental benefits asso-
ciated with insect farming (F40, 2021). Their cul-
tivation requires less water than domestic animal
farming and also has a high land use efficiency com-
pared to traditional protein sources (4/exander et al.,
2017). Greenhouse gas emissions from insects are
far lower than from conventional animal husbandry
(Oonincx et al., 2010). The production of one kg of
edible protein from insects requires less energy than
a kg of beef, and is comparable to the production of
pork, while a kg of chicken requires slightly more
energy. Insects are considered a sustainable source
of protein due to the facts that they can be grown
throughout the year, that most of their body is edi-
ble, that they have a high fertility and growth rate,
and that they efficiently convert the growing sub-
strate into their own body mass (FAO, 2021).

Insects participate in the natural recycling of
nutrients. Their contribution in maximizing the effi-
ciency of waste management by using waste nutrients
for growth is also known. About one third of the food
produced for human consumption worldwide is thrown
away as waste. Current waste management practices
are not only expensive, but also have a negative impact
on the environment. Therefore, experimental evidence,
such as that provided by Yandi et al. (2023) on the suc-
cessful bioconversion of organic waste by Herme-
tia illucens larvae, is of great importance for the cre-
ation of high-value insect-derived products with the
simultaneous valorization of waste. The recycling of
food waste generated in urban and suburban environ-
ments using insects such as Hermetia illucens to cre-
ate protein sources for animal feed was also discussed
by Law and Wein (2018). One of the potential benefits
of insect farming is that the excrement they produce
can be used as fertilizer to improve soil fertility. How-
ever, since the nutritional composition as well as the
microbiological and toxicological profiles of insects
depend on the composition of the substrate on which
they are produced (Harsanyi et al., 2020; Parry et al.,
2020), more research is needed to demonstrate all safe-
ty aspects of using insects for food and even for ferti-
lizer, after cultivation on different substrates.

There are data in the literature on the degrada-
tion of materials such as Styrofoam and other forms
of polystyrene, as well as polyethylene, by worms
(Brandon et al., 2018; Koh et al., 2020; Nukmal et
al., 2018). Insects can also serve in the production
of biofuels, as well as chitin and lipids used in food,
textiles, cosmetics, pharmaceutical products and as
surfactants (Gortari and Hours, 2013; Houben et al.,
2020; Verheyen et al., 2020). Another use mentioned
in the literature is entomoremediation, where insects
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are used to perform in situ remediation of various
environmental pollutants from soil (Ewuim, 2013).

3. Risks of entomophagy

The use of insects in food and feed in Europe is
a relatively new practice on a commercial scale and
many questions are yet to be definitively answered.
First of all, there are concerns about the risk of intro-
ducing pathogens and other safety threats into the pro-
duction system. Further limitations are based on the
lack of complete information on the bioavailability
of all nutrients found in insects, the effect of differ-
ent processing methods on nutrient composition, and
the lack of evidence that insects are an acceptable sub-
stitute for meat in the quantities necessary to be nutri-
tionally beneficial (Payne et al., 2016). The problem
of consumer acceptability of insects is one of the big-
gest obstacles to mass use. It is also necessary to adopt
appropriate regulations, address welfare issues and
establish adequate laboratory control of food and feed.

Regarding the presence in insects of bacteria,
species of the genera Staphylococcus, Streptococcus,
Bacillus, Pseudomonas, Micrococcus, Lactobacillus,
Erwinia, Clostridium and Acinetobacter are men-
tioned, as well as members of the Enterobacteriace-
ae family (EFSA, 2015; Garofalo et al., 2019; Mure-
fu et al., 2019). Some of these species are not only
pathogenic and opportunistic bacteria, but can also be
responsible for reducing the shelf life of edible insects.
To reduce the transmission of pathogens to humans
through the consumption of insects, it is important
that insect farms have strong biosecurity measures and
prevent contact with other animals. Growing materi-
als may also present a potential microbiological risk
to consider. For example, if materials such as paper
egg cartons are used for rearing insects, there is a risk
of contamination with Salmonella and Campylobac-
ter. The risks are higher if the cartons have been in
contact with poultry droppings (Walia et al., 2018).
Research shows that treating insects in the same way
as other food of animal origin (washing and thorough
heating) greatly reduces the risk of foodborne bacte-
rial diseases (Grabowski & Klein, 2017). The occur-
rence of transmissible antimicrobial resistance (AMR)
genes has also been investigated, and potential sourc-
es of AMR bacteria are linked to contamination of the
substrate, water and/or insect breeding environment
(Milanovié et al., 2016).

So far, the risks associated with food-borne
viruses, such as hepatitis A, hepatitis E and norovi-
rus, which could have their source in the consump-

tion of insects, are considered to be quite negligible,
but care must still be taken to ensure that the virus-
es are not introduced into insect production units
via substrate (Vandeweyer et al., 2020). Insects can
potentially serve as replicative vectors for viruses
that infect vertebrates. Additional studies are need-
ed to investigate the possibility of arboviruses trans-
mitted by edible insects, which are transmitted by
arthropods and can cause a number of diseases in
humans, such as West Nile disease, Rift Valley fever
and haemorrhagic fever (EFSA4, 2015).

Some mycotoxicological risk has also been
identified, given that several mycotoxins have been
detected in edible insects, but not at levels of pub-
lic health concern (De Paepe et al., 2019). The pub-
lication by FAO (2021) also mentions certain types
of moulds and yeasts (4spergillus, Penicillium and
Fusarium), but more research is needed to better
identify the metabolic pathways, metabolites and
their potential toxicological effects.

Regarding the presence of parasites, Belluco et
al. (2013) report the finding of metacercariae in some
species of edible insects in Asia, and consequently the
development of intestinal fluke (trematode) infections
in humans. Infection of mammals and humans with
nematodes for which insects are the transitional host,
as well as oral trypanosomiasis, have also been record-
ed. Myiasis, parasitic infestation of the body of live
animals and humans with fly larvae is also possible.
Galtecki and Sokol (2019) warn that insect farms sup-
plying edible insects can pose both direct and indirect
parasitic risks for humans and animals, so therefore,
have to be regularly monitored for parasites to guar-
antee the safety of food and feed sources. In the £FSA
(2021) scientific opinion on Tenebrio molitor as novel
food, it is stated that the applicant of this request con-
firms application of measures to monitor the presence
of the developmental forms of tapeworms (class: ces-
todes), Hymenolepis diminuta and Hymenolepis nana,
which can cause zoonotic symptoms in humans.

Studies on the level of contamination with organ-
ic and metal contaminants in both whole edible insects
and insect-based food products indicate that contami-
nant levels are generally lower than those reported in
other common animal products (Poma et al., 2017).
The EFSA (2021) opinion states that levels of heavy
metals, pesticide residues, polychlorinated biphenyls
and dioxins need to be monitored in feed for Tenebrio
molitor larvae, as they can bioaccumulate such chemi-
cal agents. Truzzi et al. (2020) suggested that since the
content of heavy metals in Hermetia illucens pupae
depends on the growth substrate, in addition to the list
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of insect species that can be used for the production
of processed animal proteins, a specific list of tested
growth substrates that are used safely for the produc-
tion of edible insects should be formed.

Insects could contain some anti-nutritive fac-
tors (Nishimune et al., 2000, Shantibala et al., 2014).
Considerations of allergic threats related to insects
and their consumption are also ongoing. EF'SA (2021)
states that people allergic to mites are also potentially
sensitive to some edible insects; allergens from feed
consumed by larvae can have a prolonged allergen-
ic effect. Edible insect allergens appear to be resistant
to heat treatments and enzyme digestion (unless very
specific conditions are applied), similar to the behav-
iour of crustacean allergens (Ribeiro et al., 2021).
Therefore, for safety reasons, it is necessary for food
products made from insects to be clearly labelled and
adequately declared in order to draw attention and
warn susceptible consumers (Nesic et al., 2020).

4. Placement of insects on food and feed
market

In mid-2017, the European Commission adopt-
ed the amendment EU Regulation No. 2017/893
(European Union, 2017), allowing seven species
to be reared and used in feeding aquaculture. This
closed list of authorised insects includes: black sol-
dier fly (Hermetia illucens), common housefly (Mus-
ca domestica), yellow mealworm (7enebrio molitor),
lesser mealworm (Alphitobius diaperinus), house
cricket (Acheta domesticus), banded cricket (Gryl-
lodes sigillatus) and field cricket (Gryllus assimi-
lis). The conditions for the production of insect pro-
cessed animal protein (PAP) are strictly regulated.
Insects must be fed only with category 3 materi-
al (which in principle would still be appropriate for
human consumption), not allowing, for example,
manure or heavy metal contaminated debris as a feed
source. Furthermore, insect PAP has to be treated at
least according to method no. 7, following Regulation
(EU) No. 142/2011 (European Union, 2011), which
means that bacterial contamination must be reduced
in order to make a safe product. By the EU Regula-
tion 2021/1372 (European Union, 2021), entered into
force on September 7" 2021, insects are, besides for

aquaculture animals and pets, for the first time offi-
cially approved for use in pig and poultry nutrition.

For the approval of novel food in Europe, Regu-
lation 2015/2283 has been in force from 2018 (Euro-
pean Union, 2015). This regulation determines condi-
tions that allow food business operators to introduce
new food items to the EU market, while ensuring a
high level of food safety for European consumers.
Insects are explicitly mentioned, for which tradition-
al use in the European Union is not evident. It is nec-
essary for companies placing insects on the EU mar-
ket to submit an application for review and approval
to EFSA. However, in certain cases, a simplified pro-
cedure is possible for traditional food originating from
third countries, if it can be proven that it has been part
of the human diet for at least 25 years without any
safety concerns. Considering that, it is expected that
some insects or their products will enter the European
market in this way.

The last authorisation of the European Commis-
sion was granted for frozen, paste, dried and powder
forms of Alphitobius diaperinus (lesser mealworm)
in January 2023. In addition to this insect, three more
species were previously approved: Acheta domesti-
cus (house cricket), Tenebrio molitor (yellow meal-
worm) and Locusta migratoria. Currently, there are
eight applications for insects intended to be marketed
in different forms, which are subject to a safety eval-
uation by EFSA (European Commission, 2023).

5. Conclusion

It is generally considered that insects as an ingre-
dient in food and feed can be consumed without addi-
tional risks compared to conventional animal prod-
ucts. It is necessary to establish safety and quality
standards from primary production to consumption,
appropriate regulations and control methods for their
implementation. The upcoming goal is also to help
establish the profile of insects as a source of food and
animal feed as recognized by national and internation-
al food agencies and to attract the attention of farm-
ers, the media, the general public and decision makers
in governments, donor agencies, investment firms, the
large number of research centres and the food and feed
industries. After all, consumer acceptance is crucial.
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