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Abstract

The rapid growth of the human population leads to a big concern about the food y and demand worldwide.
However, due to the reduction in global arable land area, humans need to find alternative food sources to fulfil
their needs. Consequently, edible insects have been identified as a promising solution to ameliorate food security
and increase global nutrition. Among more than 2,100 identified edible insect species, dragonflies and damselflies
(order Odonata) are considered as one of nutritious food resources. Nevertheless, detailed information on the
frequency and distribution of consumption of odonatans around the world is scattered and poorly documented.
Based on this review, at least 61 out of 1,964 species of odonatans were reported consumed by people worldwide.
The most consumed dragonflies (suborder Epiprocta; infraorder Anisoptera) are from the family of Libellulidae,
followed by Aeshnidae and Gomphidae, whereas the most consumed edible damselflies (suborder Zygoptera) are
from the Coenagrionidae family. Many nutrients, including proteins, lipids, energy, fibre, vitamins, and minerals
are abundant in edible odonatans. Moreover, studies reported that humans employed these insects as therapeutic
agents to remedy various ailments. Challenges associated with the consumption of edible odonatans include safety
concerns, legal frameworks, and limited information on their bioecology which become barrier for their successful
mass-rearing. However, because entomophagy is gradually gaining recognition, new and more improved methods
of rearing are now being developed including for edible odonatans, encouraging sustainable insect farming. As the
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world strives to achieve the sustainable development goals, insect farmingwill pave a way for resources to be utilised
for sustainable economic development.
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1 Introduction

The world population is predicted to reach more than
8 billion people at the end of 2022 (United Nations,
2022a). This number is estimated to grow and reach
a peak of around 10.4 billion people in 2080 and
expected to remain at that level until 2100 (United
Nation, 2022b). The rapid growth of human popula-
tion then leads to a major concern on the food sup-
ply and demand worldwide. However, in order to fulfil
the human needs, many agricultural lands were trans-
formed into human settlement, industrial area and
recreational park. As a consequence, it has reduced the
yield of agricultural production; thus, may increase the
rates of food insecurity and malnutrition around the
world. This is proven in a report issued by the Food and
Agriculture Organization of the United Nations (FAO)
as it is estimated between 702 and 828million people in
the world faced hunger in 2021 alone (FAO, 2022).
As the fertile land is scarce, humans need to boost the

agriculture methods and practices to improve the crop
and animal husbandry yield. In addition to that, humans
also need to find the alternative food source in order
to fulfil their needs. Traditionally, humans are mainly
depended on crop, meat, as well as poultry and animal
products such as eggs and milk as a main food source.
However, the consumption of protein from animal hus-
bandry considered as not environmentally friendly and
bad for natural environment as it may contribute to cli-
mate change, such as global warming (Wanapat et al.,
2015). Livestock farming can produce greenhouse gases
such as methane, carbon dioxide, and nitrous oxide
through the destruction of forest ecosystems and farm-
ing activities (Gaitán et al., 2016). Deforestation will
release enormous amounts of carbon dioxide into the
atmosphere (Baccini et al., 2012), while animal farm-
ing creates large amounts of methane as they digest
food (Abbasi et al., 2012). Insect farming, on the other
hand, presents a promising solution to address these
issues. Insects require significantly less space, water,
and feed compared to conventional livestock (Henchion
et al., 2017). Moreover, insect farming has a consider-

ably lower carbon footprint compared to conventional
livestock farming (Vauterin et al., 2021). Furthermore,
insect farming presents a potential resolution to the
ethical issues associated with intensive livestock farm-
ing. The controversial treatment and confined environ-
ments of animals in conventional livestock farming have
sparked significant ethical discussions (Leroy and Praet,
2017). Conversely, insect farming employs vertical farm-
ing methods that afford insects abundant room to live
and mitigate stress and anguish. This approach, which
prioritizes the well-being of insects, aligns with the
increasing consumer interest in ethically produced and
environmentally friendly food.
In this modern era, the usage of insects as the alter-

native food source for protein has become a new trend
in food science (da Silva Lucas et al., 2020). Even though
insects have been part of the human diet since prehis-
toric era, the practice of eating insect or entomophagy
has just recently gotten some spotlight among modern
people. In line with the current food trend, insects are
promoted as clean meat, nutritious as similar as the tra-
ditional animal meat and more importantly the method
used for insect farming is proven more environmen-
tally friendly compared to the traditional animal farm-
ing (Gamborg et al., 2018; Lee et al., 2020; Stull et al.,
2018). In addition to that, awareness about the effect
of environmental issues such as deforestation, environ-
mental pollution, water crisis and global warming on
the human health also influence people to choose insect
as alternative food as it can be produced sustainably,
with less hazard to the environment.
The taste of insects is considered as delicious by those

accustomed to eating them (Tan et al., 2015). Those peo-
ple stated that insects taste a lot like shellfish due to its
external skeletons, while some others described insects
are taste like meaty vegetable and a bit nutty, especially
when roasted. Even though entomophagy was popular
among Asian and African food cultures (Batat and Peter,
2020), most Westerners find entomophagy disgusting
and reject the idea of adopting insects as part of food
for human (Jensen and Lieberoth, 2019). However, it
is estimated at least 2 billion people in 113 countries
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Edible dragonflies and damselflies 3

around the world consume insects as part of their tradi-
tional diets and nearly 2,100 species of insects have been
documented as edible (Van Huis et al., 2013; Van Huis,
2021). Raheem et al. (2019) reported that the most com-
monly eaten insects around the world are beetles, cater-
pillars, bees, ants, crickets, and grasshoppers. Ancient
people believed that insects are not only important as
nutritious food, but also have medicinal value. (Meyer-
Rochow and Chakravorty, 2013). Nowadays, insects and
products derived from them are commercialized and
marketed for their nutritional value. As an example,
insect protein is being used as an ingredient in a wide
range of products including protein bars, snacks, baking
mixes, and even beverages (Lamsal et al., 2019; Melgar-
Lalanne et al., 2019). Among all, insect-based snacks
have become quite popular. Companies such as Ento
operating in Malaysia have developed products such as
roasted crickets with flavors like Korean Kimchi, Texas
BBQ and Singaporean Salted Egg Yolk (Today Online,
2019).
Scientific research shows that edible insects are rich

in nutritional value with protein, fat, carbohydrate, vita-
mins and minerals at levels that meet human nutri-
tional requirements (Kouřimská and Adámková, 2016;
Zielińska et al., 2015). Among those, dragonflies and
damselflies (Odonata) are considered as one of the best
and nutritious edible insect resources (Jiang et al., 2017).
As an example, the nymph of dragonfly Pantala sp. (Fig-
ure 1a) is not only rich in protein, fat, carbohydrate and
ash, but it is also excellent in phosphorus, iron, cop-
per, calcium and contains all essential amino acids for
human consumption (Maneechan and Prommi, 2021).
Similar to that, the nymph of damselfly Lestes praemor-
sus was also found to have good amount of protein and
rich with different kinds of essential acid amino (Zhao,
2021). According to Macadam and Stockan (2017), there
are about 58 edible species of Odonata recorded world-
wide. From that number, at least 14 species of dragon-
flies are reported consumed by the people of India. In
China, the commonly eaten dragonflies and damselflies
are Anax parthennope (Feng et al., 2018) (Figure 1b),
Crocothemis servilia (Figure 1c), Gomphus cuneatus and
Lestes praemorsa (Macadam and Stockan, 2017). These
insects were eaten raw or cooked depending on local
costumes. Edible odonatans were commonly harvested
fromwild using various techniques such as handpicking
or installing simple traps (Chakravorty et al., 2019). In
Bali, adult dragonflies were caught using the sticky sap
from jackfruit or frangipani trees; while in Laos, dragon-
flies were captured using a candle suspended over a dish
of water. As there are difficulties to get the sustainable

Figure 1 Edible dragonflies’ adult (a) Pantala sp, (b) Anax
parthennope and (c) Crocothemis servilia. Source:
https://www.inaturalist.org/.

supplies of edible dragonflies, trials have been done to
rear this insect at industrial scale, but yields have yet to
be financially viable (Locklin et al., 2012).
Until November 2022, there were 1,964 species of

insects belonging to order Odonata which were re-
corded worldwide (ITIS, 2022). From that number, 8
families (1,033 species) are categorized under subor-
der Epiprocta; infraorder Anisoptera (dragonflies) while
another 12 families (931 species) categorized under
suborder Zygoptera (damselflies). Both dragonflies and
damselflies (Figure 2) can be differentiated through the
characteristics andmorphology of their eyes, body, wing
structure and their behaviour during resting activity
(Bastos et al., 2021). Generally, the body size of drag-
onflies is much larger and bulkier compared to the dam-
selflies. However, the easiest way to differentiate both
species are by observing their eyes; dragonfly eyes gen-
erally meet at the top of their head while damselflies
eyes are always separated. The position of their wings
while not in flight further helps tell them apart; a drag-
onfly’s wings stick straight out while damselflies hold
their wings close along the length of their abdomen.
Taking into account the limited information about

the potential of both dragonflies and damselflies as
alternative food for human, we have done a compre-
hensive review to gather all the details about this mir-
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Figure 2 Resting position of dragonfly and damselfly. (a) Phyllomacromia trifasciata is a dragonfly in the family Macromiidae; (b)
Pseudagrion calosomum is a damselfly in the family Coenagrionidae. Source: https://www.inaturalist.org/.

acle insect for the benefits of science. This review paper
begins with the info’s on the distribution of dragon-
flies and damselflies consumed worldwide.We then dis-
cussed about the nutritional composition and benefits
of both insect species on human health especially in
terms of medicinal uses. The legal status on the con-
sumption of these insects around the world was also
discussed. The barriers and challenges associated with
the consumption of these odonatan insects were also
reviewed in this paper. At the end of the paper, we
have discussed the potential of dragonflies and dam-
selflies farming activity and gathered the information of
odonatan insect cooking methods in different countries
around the world. We believe all this information will
benefit society and guarantee food security.

2 Distribution of dragonflies and damselflies
consumed worldwide

To date, detailed information on the frequency and
distribution of the consumption of odonatans around
the world is poorly documented. Most of the research
related to dragonflies and damselflies only focussed
on the taxonomy and biology of these insect species
with some research done on the importance of these
insects for environmental assessment. The research on
the entomophagy of odonatans is also scarce. Most
of the reports are from Asian and African countries
as both continents are well known to practice ento-
mophagy. However, we managed to dig out some infor-
mation regarding the distribution of edible dragonflies
and damselflies consumed worldwide through the cit-
izen science observation as reported in the iNatural-
ist website. iNaturalist is an online social network of
people sharing biodiversity information to help each

other learn about nature. It is also a crowdsourced
species identification system and an organism occur-
rence recording tool. Since its launching in 2008, this
website was used by many researchers around the word
for their scientific study on the distribution of many
types of organisms such as plants and insects (Mesaglio
and Callaghan, 2021; Unger et al., 2021; Wilson et al.,
2020).
In our comprehensive literature review search, only

61 out of 1,964 species of odonatans were reported con-
sumed by people worldwide (Supplementary Table S1).
The most consumed dragonflies are from the family of
Libellulidae with 33 species followed by Aeshnidae (9
species) and Gomphidae (7 species). In addition to that,
the most edible damselflies are from Coenagrionidae
family (5 species). In the suborder Anisoptera (dragon-
flies), there is no report on the edible odonatan species
from the Austropetaliidae, Cordulegastridae, Neopetali-
idae and Petaluridae family. These 4 odonatan fami-
lies have a low number of identified species, thus may
influence the findings. In addition, only 8 species of
odonatan insects from the suborder Zygoptera (dam-
selflies) were reported edible. These 8 species were
represented by 4 families which are Calopterygidae (1
species), Coenagrionidae (5 species) Megapodagrion-
idae (1 species) and Lestidae (1 species). As mentioned
before, the body size of damselflies is smaller compared
to the dragonflies; thus, may influence the human pref-
erence towards which insect species will be chosen for
consumption.
Our comprehensive data collection from the iNatu-

ralist website shows that 43 out of 61 species of edible
dragonflies were observed in Asia continent (Supple-
mentary Table S2). Nine species of odonatans which
are Aeschna sp., Argia sp., Ceriagrion sp., Crocothemis
servilia, Diplacodes trivialis, Enallagma sp., Ischnura sp.,
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Leucorrhina sp., Libellula pulchella, Pachydiplax sp., Pan-
tala flavescens and Sympetrum striolatumwere observed
more than 10,000 times by the citizen science since the
year of 2008. From all 61 species of edible dragonflies
identified, only the Ischnura sp. (Zygoptera: Coenagri-
onidae) were found distributed in all continents in the
world.
The information on the distribution and biodiversity

of these edible odonatans has given the first insight on
the link between location, species richness and human
cultural factors that may influence the entomophagy
around the world. This informationmay explain some of
the demographic factors that influence people around
the world to practice entomophagy. It then will give
some idea to understand the research related to the
entomophagy among people at different locations espe-
cially when investigating the factors that may influence
the acceptance and perception of humans towards the
future of insects as alternative food for human survival.

3 Nutritional composition of dragonflies and
damselflies

Nutritional problems are accepted on a global scale as
the leading cause of death (de Carvalho et al., 2020).
According to studies, insects might, in the near future,
provide a solution to the needs that are now being met
because they are a rich source of protein, fibre, and
fatty acids (de Castro et al., 2018). The nutritional con-
tent of many insects has been researched globally as
they are a fantastic source of nutrition for both humans
and animals (Ordoñez-Araque et al., 2022). The impor-
tance of insects as a source of macro and micronutri-
ents, including protein, lipids, amino acids, fatty acids,
minerals, and vitamins, is well established and the nutri-
ents are enough to meet human nutritional needs (Feng
et al., 2018). Each species’ nutritional levels may dif-
fer depending on several variables, including its stage
of development, environment, feeding practices, and
method of processing (Ordoñez-Araque et al., 2022). In
addition to being a significant source of nutrition, edible
insects have some environmental benefits over consum-
ing meat, i.e. (i) less damage to the environment as a
result of decreased greenhouse gas emissions, (ii) less
need for land during production, (iii) an alternate and
effective biological control strategy for the production
of agricultural crops, and (iv) environmental sustenance
while preserving the diversity of habitats for various liv-
ing types. Hence, intake of edible insects along with
their preservation can improve health and the environ-

ment as a whole and promote long-term usage of this
valuable bioresource (Mozhui et al., 2020). Eating edible
insects is healthier, tastier, sustainable, and ecologically
friendly when compared to eating other types of food
(Zhou et al., 2022).
The orders of insects that are most often consumed

globally include Blattodea (cockroaches and termites),
Coleoptera (beetles), Diptera (flies), Odonata (dragon-
flies and damselflies), Orthoptera (grasshoppers, crick-
ets and locusts), Hemiptera (true bugs), Hymenoptera
(bees, ants, and wasps), Lepidoptera (butterflies, cater-
pillars and moths), and Mantodea (mantis) (Ordoñez-
Araque et al., 2022; Zhou et al., 2022). According to stud-
ies, dragonflies and damselflies are consumed world-
wide in northern Italy (Fontaneto et al., 2011), India
(Mozhui et al., 2020), China (Feng et al., 2018), Thailand
(Maneechan and Prommi, 2021), Indonesia, Venezuela,
Japan, Ecuador, Mexico, Madagascar, Myanmar, Viet-
nam, USA and South Korea (Fontaneto et al., 2011). Drag-
onfly nymphs from six to seven different species can be
eaten, from which Anax parthenope (Maneechan and
Prommi, 2021), Lestes praemorsa, Gomphus cuneatus,
and Crocothemis servilia are the prevalent species (Chen
et al. 2009). Although dragonflies are consumed in both
their adult and nymphal stages, nymphs are preferred.
Many nutrients, including proteins, lipids, energy, fibre,
vitamins, and minerals are abundant in dragonflies and
damselflies.

Proximate composition
Table 1 shows the proximate composition of differ-
ent species of dragonflies and damselflies. Protein is a
necessary component of human health that gives the
body energy when it is required (Zhou et al., 2022).
One factor that makes edible insects a viable substi-
tute for traditional animal-based sources is their high
protein content. Insects such as dragonflies and dam-
selflies are used as food and play a significant part in
the diets of the many ethnic communities worldwide
(Mozhui et al., 2020). In general, dragonflies are great
sources of protein (45% to 76%) (Ordoñez-Araque et al.,
2022), which is more than that of traditional meat from
animals (Zhao et al., 2021). Data on the protein con-
tent (Table 1) showed that Sympetrum species contains
the highest amount of protein (76.75%) (Narzari and
Sarmah, 2017), whereas Pantala sp. contains the lowest
(45.14%) (Maneechan and Prommi, 2021).
Lipids are the most representative macronutrient

after proteins. The body receives a lot of energy and
necessary fatty acids from insects’ lipids. Insects can
have up to 50% of fat to their dry weight (Ordoñez-
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Table 1 Proximate composition of some edible odonatans

Species Protein
(%)

Fat (%) Ash (%) Fibre
(%)

Moisture
%

Total
carbohydrate %

Total energy
(Kcal/ 100 g)

Reference

Anisoptera (Dragonlfy)
Aeschna

multicolor
54.24 16.72 12.85 9.96 6.23 Rumpold and

Schlüter, 2013
Anax

parthenope
65.76 22.93 4.21 13.62 3.02 431.33 Rumpold and

Schlüter, 2013
Crocothemes

servillia
70.48 1.34 9.62 13.46 1.18 496.78 Devi et al., 2023;

Shantibala et al.,
2014

Epophthalmia
elegans

65.23 Zhao et al., 2021

Gomphus
cuneatus

64.64 Zhao et al., 2021

Ictinogomphus
rapax

62.37 Zhao et al., 2021

Orthetrum
pruinosum

71.53 Zhao et al., 2021

Pantala sp. 45.14 4.93 5.24 35.11 9.60 263.25 Maneechan and
Prommi, 2021

Sinictinogom-
phus
clavatus

63.34 Zhao et al., 2021

Sympetrum sp. 76.75 4.53 5.11 1.61 12.00 395.77 Narzari and
Sarmah, 2017

Zygoptera (Damselfly)
Lestes

praemorsus
46.37 Zhao et al., 2021

Araque et al., 2022; Zhou et al., 2022). Insect lipids con-
tain mostly cholesterol and phospholipids, with around
80% of their total lipid content made up of fatty acids
(Ordoñez-Araque et al., 2022). Arachidonic and eicos-
apentaenoic acid concentrations of the dragonfly Gom-
phus vulgatissimus eaten in Italy range from 0.3 to
0.6 mg/g of dry insect (Fontaneto et al., 2011).
In a study done by Maneechan and Prommi (2021)

and Maneechan et al. (2022), they used the whole drag-
onfly insect (Pantala sp.) in their final instar nymphal
stage for analysis of the nutritional composition. It has
been found that the carbohydrate content of odonatans
(1.8 to 9.6%) is low in comparison to the primary sources
of energy for people and other animals (Maneechan et
al., 2022; Shantibala et al., 2014) as demand for human
is of about 260 g/day (Maneechan and Prommi, 2021).
According to Rumpold and Schlüter (2013), dragonflies
and damselflies in their nymphal stage contain only
4.63% NFE (nitrogen-free extract), a frequently used
measurement of carbohydrates other than fibre. How-

ever, fibre is present in significant proportions, serves
as a measure for the carbohydrate content (Illa and
Yuguero, 2022). Chitin, mainly found in their exoskele-
ton, is themost widely distributed fibre. Chitin is related
to improvement of the immune system, a decrease
in allergic reactions in humans, and strong resistance
against parasite diseases (Mohan et al., 2020; Zainol
et al., 2020). The dragonfly Anax imperator is reported
to contain on an average 11.00%-12.00% chitin and
67.00% of chitosan in their larval stage (Kaya et al.,
2014). An excellent source of energy is provided by
insects, which have 400-500 kcal per 100 g of dry matter
(Maneechan and Prommi, 2021). Two species of drag-
onfly Pantala sp. and Crocothemes servillia are found to
contain total energy of 263.25 Kcal/100 g and 496.78
Kcal/100 g, respectively, in their nymphal stage of the
whole insect (Maneechan and Prommi, 2021; Shantibala
et al., 2014). These edible insects’ macronutrient content
reflects their gross energy value, which is also impacted
by other parameters including nutrition and sex. As
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Table 2 Fatty acid composition of some edible odonatans

Species Lipid (%) Fatty acid composition (% of
total fatty acids)

References

SFA MUFA PUFA
Anisoptera (Dragonlfy)
Anax parthenope 11.06 34.68 27.85 27.85 Jiang et al., 2017
Crocothemis servilia 4.93 – – – Shantibala et al., 2014
Epophthalmia elegans 9.14 33.73 32.84 21.05 Jiang et al., 2017
Ictinogomphus rapax 10.59 30.11 35.75 20.33 Jiang et al., 2017
Inictinogomphus clavatus 11.9 34.43 42.28 17.75 Jiang et al., 2017
Orthetrum pruinosum 11.9 34.97 31.53 26.70 Jiang et al., 2017
Pantala flavescens 10.4 32.3 33.07 27.51 Jiang et al., 2017
Sympetrum sp. – 50.62% – 49.36% Narzari and Sarmah, 2017

SFA = saturated fatty acids, MUFA = monounsaturated fatty acids, PUFA = polyunsaturated fatty acids.

compared to adults, nymphs are often higher in energy
(Kouřimská and Adámková, 2016).

Fatty acid composition
The fatty acid composition of different species of drag-
onflies and damselflies containing saturated fatty acid
(SFA), monounsaturated (MUFA) and polyunsaturated
(PUFA) are listed in Table 2. The fat content of dragon-
flies varies from 4.93% to 11.9% which are again higher
than that of pork (2.2%), beef (8.7%), chicken (2.6%),
and fish (salmon) (4.7%) (Liceaga, 2022). Odonatan lar-
vae are a rich source of SFAs, MUFAs, and PUFAs as that
of common meat of pork, beef, chicken, fish or milk.
The content of unsaturated fatty acids (UFA), palmitic
acid, and oleic acid in the oil of their nymphs is high.
The oil includes 1.23%-7.05% odd carbon fatty acids
(OCFA), which resemble ordinary insect oil in their
properties (Zhao et al., 2021). 18 to 29 different types
of fatty acids, such as long-chain PUFAs, Eicosapen-
taenoic acid (EPA), and docosahexaenoic acids (DHA),
are present in the oil of dragonflies (Jiang et al., 2017).
In dragonfly Pantala sp., total SFA concentration is
highest, followed by MUFA and PUFA. SFA concentra-
tions varied from 10 mg/100 g to 1,300.00 mg/100 g
(Maneechan and Prommi, 2021), whereas for the pork,
beef, chicken, egg and milk it is 2.7, 1.7, 0.76, 3.1, 2
g/100 gm, respectively (Illa and Yuguero, 2022). The
UFA made up 61.50% to 65.22% of all fatty acids, PUFA
made up 29.57% to 50% of all UFA. Hexadecanoic acid
had the highest concentrations, ranging from 17.57% to
24.61%. The ratios of n-6 to n-3 PUFA is 0.68 to 1.30,
which are comparable to freshwater fish oils (Jiang et
al., 2017). Maneechan and Prommi (2021) found that
the most prevalent fatty acid in Pantala sp. is palmitic

acid, which is followed in abundance by stearic acid, cis-
9-oleic acid, and linolenic acid. The odonatan species
in rice fields had an EPA greater than the five terres-
trial insects consumed in South Korea when compared
to those reported by Ghosh et al. (2017). Jiang et al.
(2017) in their study found the oil contents of six differ-
ent kinds of dragonfly naiads were 5.72%-11.90% with
Sinictinogomphus clavatus containing highest oil con-
tent, whereas Orthetrum pruinosum neglectum contain-
ing the lowest. The total PUFA concentration of Pantala
sp. is higher than that of some edible insects like bee-
tles (516.73 mg/100 g), termites (465.06 mg/100 g), and
crickets (771.63 mg/100 g) and to raw meats like mut-
ton (673 mg/100 g) and beef (448 mg/100 g). Hence,
direct ingestion of edible Odonata may considerably
reduce the need for good fat in humans (Maneechan
and Prommi, 2021).

Amino acid composition
The different species of odonata are found to contain
excellent protein content in the range of 45.14% (Pan-
tala sp) to 76.75% (Sympetrum sp.) which is higher when
compared to that of beef (22.5%), pork (21.0%), chicken
(22.2%), fish (22.2%) (Liceaga, 2022), eggs (12.5%), and
milk (3.3%) (Illa and Yuguero, 2022; Maneechan and
Prommi, 2021). Hence the protein from dragonflies can
replace the other regularly eaten meat species as it can
fulfil the daily requirement of protein for adult which is
50 g/day. Protein is made up of 20 amino acids, however
eight of them cannot be produced by the body andmust
be ingested from outside sources in order to fulfil nutri-
tional needs. It is interesting to note that proteins from
dragonflies have all the necessary amino acids. More-
over, studies revealed that the proteins from dragonflies
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not only include the necessary amino acids but also con-
tain a good balance of various amino acids (Zhou et
al., 2022). Zhao et al. (2021) studied the content of the
necessary amino acids in dragonfly nymphs from var-
ious geographic locations and discovered that there is
minimal variation, even between distinct species. Drag-
onflies contain essential amino acids (EAAs) as well as
non-essential amino acids (Supplementary Table S3).
The essential amino acids include methionine, thre-
onine, lysine, tryptophan, leucine, isoleucine, valine,
phenylalanine and histidine. Valine is the most preva-
lent amino acid among the EAAs. Arginine and Glu-
tamic acid are the most prevalent amino acid among
non-essential amino acids. Compared to traditional ani-
mal sources, dragonfly species have much higher con-
centration of essential amino acids (Maneechan et al.,
2022). In different species of dragonflies, the concen-
tration of essential amino acids, lysine (up to 8.37%),
histidine (up to 6.93%), and methionine (up to 4.07%)
are found higher compared to those found in regularly
eatenmeat species including beef (1.94 g/100 g of lysine,
0.82 g/100 g of histidine and 0.61 g/100 g of methionine),
pork (1.80 g/100 g of lysine, 0.82 g/100 g of histidine and
0.59 g/100 g of methionine), and chicken (1.79 g/100 g
of lysine, 0.69 g/100 g of histidine and 0.62 g/100 g of
methionine) (Amadi and Kiin-Kabari, 2016). According
to the investigations by Maneechan and Prommi, (2021)
Pantala sp. has higher lysine and histidine concentra-
tions which are greater than those found in regularly
eaten meat species like chicken, beef, pork, etc.
Amino acids play a critical role in the metabolism of

man and their presence in dragonflies makes the insect
a good source of protein. For example, Gomphus cunea-
tus is a good source of isoleucinewhich the body can use
during exercise. The amino acids found in the different
odonatans include valine, leucine, isoleucine and oth-
ers. They are predominantly used in repair or worn or
damaged tissues and in enzymatic functions (Table 3).

Vitamins andminerals
The vitamins and minerals found in insects are an addi-
tional crucial element of their nutrition. Minerals and
vitamins are necessary for both human and animal
metabolism (Kinyuru et al., 2015), and their deficiency
may lead to various diseases like anaemia, iodine defi-
ciency goitre, growth retardation, inflammatory bowel
disease, etc. (Fritz et al., 2019; Rempel et al., 2021; Zhou
et al., 2022). Dragonflies and damselflies contain vita-
min C, thiamin, riboflavin, pantothenic acid, niacin,
pyridoxine and vitamin B12. In general, dragonflies are a
good source of B vitamins (Ordoñez-Araque et al., 2022).

Dragonflies are found to contain up to 30 mg/kg of vita-
min C, 34.1 mg/kg of vitamin B2, 38.4 mg/kg of B3 and
23 mg/kg B5 and 54 ug/Kg of vitamin B12 (Ordoñez-
Araque et al., 2022).
Dragonflies are also a good source of minerals, such

as iron, calcium, phosphorus, potassium, zinc, copper,
magnesium, and manganese (Table 4). As compared
to the composition of meat, dragonflies contain higher
levels of these minerals, regardless of species (Ordoñez-
Araque et al., 2022). The iron content of Pantala sp. is
788.8 mg/kg which is higher than the content found
in other species like Anax parthenope, Epophthalmia
elegans, Crocothemes servillia. Moreover, Pantala sp.
has a calcium content of 206.03 mg/100 g, which is
higher than the calcium content of all edible insects
reported by Shantibala et al. (2014), Narzari and Sarmah
(2017) and Rumpold and Schlüter (2013). In the human
body, calcium is the most prevalent mineral, making
about 1.5%-2% of the total weight in the form of bones
and teeth. Those who do not get enough calcium may
develop osteoporosis. Eating dragonflies like Pantala sp.
might be a source of calcium to supplement the diet in
cases of calcium deficiency (Maneechan and Prommi,
2021). In China, dragonflies are frequently eaten as a del-
icacy because of their high selenium concentration. The
selenium content in two dragonfly speciesA. parthenope
and E. elegans are reported to contain 0.193 mg/kg and
0.223 mg/kg of dry weight, respectively (Jiang et al.,
2017; Zhao et al., 2021). Table 5 shows the different min-
erals and which dragonfly species they can be found in.
Table 5 also shows the importance of several minerals
in humans and these include cognitive functions, cell
functions, metabolism and repair of tissues.
The nutritional composition of different insects, even

in the same species, are different due to some inter-
nal factors i.e. diet, sex, species, developmental and
physiological state for sample analysis as well as exter-
nal factors i.e. season, environmental temperature, geo-
graphic location, migratory flight, techniques employed,
etc. (Illa and Yuguero, 2022; Zhao et al., 2021). Highly
unsaturated fatty acid (HUFA) concentration in aquatic
insects (odonatan larvae) is greater than in terrestrial
insects, particularly the EPA level, since they eat diatoms
and freshwater algae, which are particularly abundant in
HUFA and EPA (Zhao et al., 2021).

4 Medicinal uses of dragonflies and damselflies

From ancient times, numerous cultures throughout the
world have employed insects and items produced from
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Edible dragonflies and damselflies 9

Table 3 Amino acids found in some edible odonatans and their functions in human health (Solano, 2020)

Species Amino acid found in
dragonfly/damselfly

Function of amino acid

Ictinogomphus rapax Valine It is an energy source during intense exercise
Gomphus cuneatus Isoleucine It increases proteins and serves as an alternate source of

energy during exercise
Crocothemis servilia Leucine It provides energy during intense exercise
Crocothemis servilia Lysine It is an essential amino acid used for the formation of

collagen
Ictinogomphus rapax Tyrosine It is used in the production of useful amines
Crocothemis servilia Threonine It is used in the formation of enzyme active sites
Ictinogomphus rapax Phenylalanine It is used in the synthesis of useful amines
Crocothemis servilia Tryptophan It is used in the production of useful amines
Gomphus cuneatus Histidine It is an essential amino acid for the production of

histamine and other amines
Gomphus cuneatus Methionine and Cysteine It is used in the production of useful amines but cysteine

may be deficient in infants
Pantala flavescens Arginine It maintains normal functions of blood vessels and other

organs
Gomphus cuneatus Serine It regulates appetite and is used in the production of

phospholipids and glyceric acid
Gomphus cuneatus Glutamine It efficiently provides energy and regulates appetite and

cell signalling
Gomphus cuneatus Glycine It is used in the synthesis of glutathione and porphyrin,

which is part of haemoglobin
Crocothemis servilia Alanine It serves as an energy source for the liver and regulates

appetite
Anax parthenope Proline It is used in the synthesis of collagen and other tissues;

used as energy source

Table 4 Mineral content [mg/kg, DM] of some edible odonatans

Species Ca Mg K Na Fe P Mn Cu Zn Se References
Anisoptera (Dragonfly)
Anax

parthenope
124.96 116.9 1591.9 1339.76 158.210 – 6.790 4.180 74.77 0.193 Zhao et al., 2021

Crocothemes
servillia

865.0 370.0 2680.0 14,100.0 113.0 – – 19.0 93.0 – Zhao et al., 2021

Epophthalmia
elegans

90.11 101.8 1350.79 1372.49 22.640 – 12.050 2.460 40.410 0.223 Zhao et al., 2021

Pantala sp. 2060.3 731.3 6252.6 5572.4 788.8 5003.0 – 13.4 50.1 – Maneechan and
Prommi, 2021

Sympetrum sp. 20.50 22.0 1690.05 240.80 13.50 626.78 – 2.00 0.50 – Narzari and
Sarmah, 2017

Mineral compositions (mg/kg) of Ca = calcium, Mg = magnesium, K = potassium, Na = sodium, Fe = iron, P = phosphorus, Mn = manganese,
Cu = copper, Zn = zinc, and Se = selenium, DM = Dry matter.
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Table 5 Some minerals found in some edible odonatans and their effect on human health (Maathuis, 2009)

Mineral Odonatan
containing mineral

Effect on human health References

Potassium Pantala sp. It helps maintain normal levels of
fluids inside the cell

Maathuis, 2009;Weyh,
2022

Sodium Crocothemis servilia It helps maintain normal levels of
fluids outside the cell

Maathuis, 2009;Weyh,
2022

Phosphorus Sympetrum sp. It is needed for growth, maintenance
and repair of damaged cells

Maathuis, 2009

Calcium Gomphus cuneatus It builds bones and teeth, helps in
blood clotting/muscle contraction,
regualtes heart rhythms

Maathuis, 2009;
Nasirian and Irvine, 2017

Magnesium Pantala sp. It is involved in enzymatic reactions,
energy metabolism, protein synthesis

Maathuis, 2009;Weyh,
2022

Iron Lestes praemorsa It is used in the formation of
haemoglobin

Maathuis, 2009

Zinc Sympetrum sp. Creation of DNA, building proteins,
healing damaged tissue, boosting
immune system

Maathuis, 2009;
Nasirian and Irvine, 2017

Copper Pantala sp. Works with iron in formation of red
blood cells

Maathuis, 2009

them as therapeutic agents (Siddiqui et al., 2023). Ear-
lier, people have used insects as medicine, and now
researchers are looking into them and attempting to
find new uses for their natural components (Bairagi,
2019).With the enormous diversity of the insect species,
it can be a treated as a promising field for drug discov-
ery (Ouango et al., 2022). In many regions of the world,
including India, China, Korea, Brazil, South America
and Africa, traditional medicine is still used along with
proper documented information on medicinal insects
(Verheyen et al., 2021). Insects are and will continue to
be a valuable source for the development of novel med-
ications (Feng et al., 2009). But, to do so effectively, one
must have a thorough understanding of the medicinal
insects, their chemical constitution, and their prospec-
tive uses (Ouango et al., 2022). In general, insects may
be considered a source to produce medications with
antibacterial, immunological, analgesic, anaesthetic,
diuretic, anti-rheumatic qualities (Chakravorty et al.,
2013), for the treatment of nocturnal emissions, burning
and gastroenteritis, fevers (Dev et al., 2020), coughs and
colds, stomach disorders, malaria, skin allergies, scabies,
boils, blood pressure anomalies (in case of humans) and
mouth and foot disease of bovids and cattle (Chakra-
vorty et al., 2011). Different body parts of insect are used
as traditional medicine like the whole body, insects’
secretions, eggs, and egg shells, etc. (Feng et al., 2009).

Extracts obtained from insects act as one of the impor-
tant medicinal agents.
From ancient times, edible aquatic insects such as

dragonflies, damselflies, water striders, and whirligig
beetles have been used in medicine or to treat human
ailments (Chakravorty et al., 2011; Meyer-Rochow, 2017).
According to traditional Chinese medicine, aquatic
insect provides benefits for the kidney, replenish the
essence, moisten the lungs, and soothe coughs. The
dried adult dragonfly body can be used to treat impo-
tence, nocturnal emission, sore throat, and whoop-
ing cough. They can be used alone or in conjunction
with other substances for medicinal uses (Zhao et al.,
2021). Mozhui et al. (2021) investigated the traditional
use of medicinal insects among the ethnic commu-
nities of Nagaland, a state in North-Eastern India. In
the survey they found that, in terms of fidelity level
(FL) value, dragonfly nymphs were the top insects
for both ophthalmological issues like conjunctivitis
(FL = 51.5%) and skeleton-muscular disorders like body
pains (FL = 60.9%). Dragonfly nymphs are used for
wound healing as well as the treatment of body pains,
colds, and ophthalmological issues. For instance, the
Meitei community of Manipur, a state in North-Eastern
India with a large Naga population, has also reported
using cooked dragonfly nymphs for wound healing
(Mozhui et al., 2021). A study conducted by Kemprai
et al. (2022) in Dima Hasao District of Assam in India
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found that the dragonfly species Diplacodes trivialis,
Crocothemis servilia, Neurothemis fulvia, Orthetrum pru-
inosum neglectum, Orthetrum sabina, Orthetrum trian-
gulare, Pantala flavescens, and Potamarcha congener
are used in the treatment of respiratory and gastroin-
testinal issues by several tribes of that area. They also
employ dragonfly nymphs to cure body aches, colds,
ophthalmological issues, and wounds (Kemprai et al.,
2022). The Ao-Naga people of North-East India employ
two species of dragonfly nymphs viz. Acisoma panor-
poides and Aeshna petalura to produce tonics that are
used for anaemia treatments and as blood purifiers.
The use of dragonflies as a cure for asthma and uri-
nary issues is also common in traditional medicine
(Meyer-Rochow, 2017). However, dragonflies are feared
among the Hausa and Ngambaye in Africa since it is
believed that they might cause seizures and disorien-
tation (Meyer-Rochow, 2017). Other medicinal uses of
dragonflies and damselflies are listed in Supplementary
Table S4.
It has been demonstrated in the literature that the

consumption of PUFA has various health advantages,
such as increased cognitive development and the reduc-
tion in glucose tolerance, hence reducing the risk of
diabetes, lowering blood pressure, and avoiding insulin
resistance (Ayensu et al., 2019). Dragonfly and damselfly
fats have been shown to be rich in PUFA such as linoleic
and α-linolenic acids; and chitin and chitosan (Bernard
and Womeni, 2017; Womeni et al., 2009), which may
beneficially influence these conditions. Diets containing
a high level of PUFAmay be utilised to reduce cardiovas-
cular problems that are related to diabetes. Dragonflies
possess a considerable amount of this fatty acid which
potentially implies that inclusion of dragonfly species
in diets may have possibilities for the therapy of certain
coronary heart problems (Womeni et al., 2009).
Linoleic acid (LA) is shown to be present in Pantala

sp. with a quantity of 363.33 mg/100 g. Because LA is
the precursor of arachidonic acid, which is the precur-
sor of prostaglandin E2 and is involved in the control
of gene expression, LA is crucial for humans. Further-
more, serving as a structural element of cell membranes,
LA is crucial for cell signalling (Maneechan and Prommi
2021).
Homeopathy is an alternative style of treatment that

makes use of extremely diluted compounds that are
thought to make healthy persons have symptoms that
are comparable to those shown by patients (Ernst,
2002). The homeopathic dragonfly Anax imperator
medicine is intended to treat attention deficit hyper-
activity disorder (ADHD), obsessive-compulsive disor-

der (OCD), headache, sinusitis, and influenza. In addi-
tion, it produced hyperactivity and weight loss in naive
mice and had antidepressant, anxiolytic, and analgesic
effects (Mutlu et al., 2015). Using the Morris water
maze (MWM) test, Mutlu et al. (2016) investigated
the effects of A. imperator remedy on learning and
memory. In the MWM test, the results revealed that
a homoeopathic dragonfly boosted learning immedi-
ately but interfered with memory and learning when
used chronically and cell damage was improved as com-
pared to control group. Findings revealed that dragonfly
had positive effects on abnormal cell morphology and
can hinder learning acquisition and reference mem-
ory (Mutlu et al., 2016). In a related study, Mutlu et al.
(2015) shown that A. imperator affected the expression
of the NPY1 receptor in naive mice during the forced
swim test (FST), hot plate (HP) test, elevated plus-maze
(EPM) test, and open field test. The findings showed
enhanced time spent in open arms during the EPM test,
decreased immobility time during the FST test, reduced
time of licking the hind feet by mice in the HP test,
and increased the time and speed of moving by mice
as compared to the control group in the open-field test.
Results also showed the significant weight loss in mice,
decreased NPY1 and NPY2 receptor expression (Mutlu
et al., 2015).

5 Legal situation on edible insects being eaten
as food in different countries

In many societies throughout the world, insects are
a common category of traditional foods, and they
have had a significant impact on global human nutri-
tional needs. At least 113 nations are thought to use
insects as food, and more than 2,100 insect species
have been identified as edible. Presently, 11 European
nations, 14 Oceanian nations, 23 American nations, 29
Asian nations, and 35 African nations consume insects.
The top consuming nations and those with the most
species are Mexico, China, Thailand, and India (Baiano,
2020). In markets, supermarkets, festivals, private par-
ties, and occasionally even online, insects are offered
for sale as food. The availability of edible insects has
increased significantly in recent years compared to a
few years ago. Many businesses and research initia-
tives are investigating the most effective approach to
include insects in the diet (Belluco et al., 2017). Despite
their widespread intake and the advantages associ-
ated with it, promoters of edible insects must strug-
gle with two significant obstacles (Lotta, 2019). Firstly,
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a large portion of the population believes that find-
ing novel ways to include insects in the human diet
has been a top concern and topic of discussion. Sec-
ondly, a lack of clear regulations for this new cuisine
might discourage companies from raising and market-
ing insects as food, because it may increase the cost
and time (Belluco et al., 2017). According to the Insect
Food Business Operators (iFBOs), the market for edi-
ble insects would grow to 260,000 tonnes by 2030 from
its current 500 tonnes. In terms of consumption glob-
ally, beetles (Coleoptera) are the most often consumed
species, followed by caterpillars (Lepidoptera) (18%),
honey bees, wasps, and ants (Hymenoptera) (14%),
and grasshoppers, locusts, and crickets (Orthoptera)
(13%). Hemiptera, Isoptera, Odonata, and Diptera are
the remaining species (Carcea, 2020). In order to con-
tribute to food safety and quality on a global scale, the
Codex Alimentarius offers a set of guidelines, bench-
marks, and rules of conduct. Although the Codex has a
significant impact on food law, it is not legally enforce-
able (Mariod, 2020). Laws greatly vary from one country
to another (Supplementary Table S5), and most of the
western nations do not even officially address insects.
The largest challenge for the edible insect industry is
this inconsistent legal position throughout the world
since it prevents or inhibits the growth of a worldwide
edible insect market (Baiano, 2020).

European countries
In the European Union (EU), the new Regulation 2283/
2015 on ‘novel foods’ and its implementing Regula-
tions 2468/2017 and 2469/2017 simplified and stan-
dardised the previously undefined laws regarding edi-
ble insects. Edible insects are clearly regarded as ‘novel
foods’ in modern society. In fact, according to Regula-
tion 2283/2015, both whole insects and their parts fall
under the definition of novel foods. Starting from Jan-
uary 1, 2018, approval is required before insects and
insect-based goods may be sold, and the process typi-
cally takes at least 17 months (Baiano, 2020; Marberg et
al., 2017; Stull and Patz, 2020).
The European Food Safety Authority (EFSA) is the

main regulatory body for food safety in Europe. It is
an independent organisation which conducts risk anal-
yses for the security of food. Under the EC General
Food Regulation 178/2002, it was created in 2002. EFSA
closely collaborates with Member States to monitor
European food safety and provide advice on current
and emerging concerns (Belluco et al., 2017; Stull and
Patz, 2020). The legal implications of introducing edi-
ble insects have received very little consideration in EU.

The EU’s stance on encouraging the breeding of edi-
ble insects is currently undetermined and appears to
address many issues: Firstly, the environmental advan-
tages of producing edible insects and secondly, the food
safety (Mlcek et al., 2014). The European Parliament
revised the Commission’s first proposal to rewrite the
Novel Food Regulation. This change is the result of both
harmonisation regarding the selling of edible insects
across all European member states and the rising pop-
ularity in edible insects as a viable source of protein.
The legal categorization of edible insects as novel foods
was unclear prior to the implementation of the new law
(Lotta, 2019). Almost a hundred pages of amendments
to the original document were accepted by the mem-
bers of the European Parliament. The first set of changes
related to the new innovative food regulation’s goals.
Only the highest degree of protection for consumer
interests and for human health were added by the Euro-
pean Commission. Also, the European Parliament Envi-
ronment Committee included the precautionary princi-
ple, animal welfare, and environmental considerations
to the objectives sought by the new regulatory frame-
work (Grmelova and Sedmidubsky, 2017). Nevertheless,
these modifications also brought about a large amount
of uncertainty, particularly for British businesses follow-
ing the United Kingdom’s withdrawal from the Euro-
pean Union. The future of the UK’s Food Standards
Agency’s compliance with EFSA rules is now unknown.
This may lead to more legislative independence, which
would help the industry, but it might also prevent the
UK edible insect industry from benefiting from future
changes to EU food law (Yang and Cooke, 2021). The
sale of the whole insects was not subject to the old food
law in various European nations including Belgium, the
UK, and the Netherlands, however, several other mem-
ber states have considered both whole insects and their
parts to be novel foods and as such, subject to the leg-
islative risk assessment procedure (Lotta, 2019).
Some European nations, including Italy and Sweden,

approached the subject very differently. The ItalianMin-
istry of Health produced an explanation note in 2013
that made it clear that edible insects belong under the
new food regulation since they are animal-derived prod-
ucts without a history of safe eating in the European
Union prior to 1997. Hence, if the food company oper-
ator cannot prove that there has been a significant his-
tory of consumption, pre-marketing permissionmust be
obtained before they may be put on the market (Lotta,
2019).
Regulation (EU) No 2017/893 brought about one of

the most significant modifications in 2017 regarding
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insects used as animal feed, with the amendment of
Regulations (EC) No. 999/2001 and (EU) No. 142/2011.
According to the law, feeding seven different insect
species to farm animals is permitted viz. common
housefly (Musca domestica), black soldier fly (Herme-
tia illucens), lesser mealworm (Alphitobius diaperinus),
yellow mealworm (Tenebrio molitor), banded cricket
(Gryllodes sigillatus), house cricket (Acheta domesti-
cus) and field cricket (Gryllus assimilis). These species
do not spread illnesses that are specific to plants, ani-
mals or humans; they are non-invasive and they do not
negatively impact crops (EFSA Scientific Committee,
2015). Regulation (EU) No 2019/1981 established a list of
third countries which were permitted to export insect
goods in accordance with the aforementioned Regu-
lation (EU) No 2017/893 (Lähteenmäki-Uutela et al.,
2021). In November 2020, the application to recognise
mealworm larvae as a new food was authorised by the
European Food Safety Authority (EFSA-Q-2018-00262).
The published opinion states that mealworm larvae can
be used whole, dried as snacks, and pulverised, pow-
dered in a variety of different culinary products, includ-
ing baked products, protein bars, and pastas (ON-6343)
(Skotnicka et al., 2021)

American countries
Latin America is the second-largest market for edi-
ble insects in the world and has a long history of
entomophagy. When compared to Europe and North
America, the number of companies generating edible
insects is still incredibly low. Due to their ecological
and ethnic variety, Mexico, Brazil, Colombia, Venezuela,
Ecuador, and Peru stand out as the major countries in
Latin America that have the practise of eating insects.
The edible insect value chain may differ significantly
between nations where entomophagy is practiced and
those where it is not. The key causes for this observed
phenomenon may be: (i) many Latin Americans are
ashamed of their cultural tradition of eating insects
rather than embracing it, (ii) the supply chain-related
market flaws, (iii) lack of food safety, production and
commercialization regulations, and (iv) lack of govern-
mental initiatives to advance the edible insect busi-
ness for economic growth. Despite various obstacles,
South America has a lot of potential for developing
an insect-based business. To do this, unique items and
solutions for the market should be developed using the
traditional expertise associated with consuming insects
(Bermúdez-Serrano, 2020).
In Northern America, good manufacturing practises

(cGMP, 21CFR110) must be followed while breeding

insects for human use. Until it has been granted by Gen-
erally Recognised as Safe (GRAS) certification, insect
protein is considered as food additive (Lähteenmäki-
Uutela et al., 2018). Whereas FAP (food additive peti-
tion) is run by the government, GRAS is essentially a
self-approval mechanism. There is no requirement to
submit a GRAS notification for FDA assessment. The
guidelines of the Association of American Feed Con-
trol Officers (AAFCO) serve as the foundation for many
states’ feed laws. Prior to being marketed in Canada,
innovative foods must undergo safety and nutritional
adequacy testing (Canada Gazette Part II, Division 28:
Novel Foods, October 27, 1999) (Lähteenmäki-Uutela et
al., 2021). To oversee Mexico’s food safety regulations, it
is the duty of two government secretaries, SSA (Health
Secretary) and SAGARPA (Agriculture, Cattle, Rural
Development, Fishing and Feeding Secretary). The later
concentrates on primary farming, and the formermostly
targets processed food. Insects are not yet permitted as
animal feed under Brazilian feed regulation. Allegretti et
al. (2018) claim that Brazil frequently adheres to Codex
Alimentarius criteria. In Argentina, the government has
informed the emerging business that the national Food
Code does not yet include insect food. The National
Food Commission must receive a request to include
insects in the Food Code. The National Administration
of Pharmaceuticals, Food, and Medical Technologies
must also approve all packaged foods (Lähteenmäki-
Uutela et al., 2021).

Oceanian countries
There are no separate laws or government restrictions
regarding insect farming in Australia or New Zealand.
For the benefit of its members, the Insect Protein Asso-
ciation of Australia (IPAA) has created guidelines. Typi-
cally, a novel food cannot bemarketed as food or utilised
as an ingredient in food until it is listed in the Stan-
dard. If it is not on the list, a request can be sent to
Food Standards Australia New Zealand (FSANZ), who
will conduct a pre-market safety assessment and add
the new product to the list. Both Australia and New
Zealand’s feed production are subject to two regulations
and standards i.e. The FeedSafe Standard and the New
Zealand Feed Ingredients and Additive Suppliers Code
of Practice (FIAAA Code of Practice). Dragonflies are
permitted to be consumed in Australia but cannot be
sold. (Lähteenmäki-Uutela et al., 2021).

Asian countries
Usually, there is no particular law governing the pro-
duction or sale of edible insects in Asian nations. The
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14 S.A. Siddiqui et al.

habit of raising and eating insects is widespread. Yet,
during the 17th FAO/WHO Codex Alimentarius Coordi-
nating Committee for Asia (CCASIA) in November 2010,
one of the first project examples addressing insects as
food control was presented. A Codex food standard for
crickets fit for human consumption was suggested by
the Lao People’s Democratic Republic (Lao PDR) del-
egation. This proposal for the Codex Committee was
developed in cooperation with the Food and Agricul-
tural Organization (FAO) and the Ministry of Health of
Laos (MoH). The plan was supported by a number of
nations, including Malaysia, Thailand, and Cambodia.
In order to promote the growth of the entomoculture
sector in South-East Asia, AFFIA (The Asian Food and
Feed Insect Association) was established in 2016 (Prete-
seille et al., 2018). In China, huge number of edible
insects which are common as food for consumption are
recorded in the China Food and Drug Administration
(Feng et al., 2018).
Thailand is one of the world’s most rapidly expand-

ing markets for edible insects and insect protein with
a 12% market share. Similar to traditional Thai cui-
sine, edible insect-based Thai cuisine is well-known in
many other nations and offers a variety of alternatives
and nutritional benefits (Jintapitak et al., 2019). In an
effort to promote Thai food products on the domestic
market, enhance food quality and safety, and broaden
access to international food markets, the Thai govern-
ment introduced the voluntary Q-GAP certification pro-
gramme for agricultural output in 2004 (Preteseille
et al., 2018). The primary regulatory organisation now
enforcing Thailand’s laws governing the production and
eating of insects is the Ministry of Public Health. Items
produced from insects that are sold locally or interna-
tionally must first have legal approval from the Food
and Drug Administration (FDA). Because there are no
special requirements for eating insects in Thailand, they
are handled similarly to other food products under the
Food Act of B.E. 2522 (1979) (Halloran et al. 2015).

African countries
Due to several difficulties, food safety rules regarding
edible insects are not effectively implemented through-
out Africa. These issues include the following: lim-
ited adherence to international agreements on food
safety and quality standards; limited enforcement of
local, regional, and international standards and global
best practises; limited funding to promote scientific
risk analysis; lack of established hazard and critical
point checklists/systems; limited data and information
on health burden, particularly food-borne diseases. In

Kenya, there are no special regulations for the usage of
insects as food and insects are viewed as impurities in
food that need to be removed. Rules governing the use of
insects as food and feed are now supported, and discus-
sions are now being held with the Kenya Bureau of Stan-
dards (KEBS) and other pertinent organisations in order
to form a technical committee and create the standards
that would control their usage as food. These standards
would likely include provisions for traceability of insect
material throughout the food supply chain (Halloran
et al., 2015). The Kenyan government has made sure
that safe food trading procedures adhere to WTO/SPS
regulations and other global norms. The Ministries of
Public Health and Sanitation, Industrialization, Trade
and Business Development, Agriculture, Livestock and
Fisheries, and Environment and Forestry in Kenya have
agencies that carry out food regulations (Niassy et al.,
2022).
Zimbabwe’s Ministry of Environment and Tourism

has extensive environmental legislation pertaining to
environmental concerns, including the 1949 Forest Act
and the 1941 Forest Resources Act to control the gath-
ering of wild edible insects. In the states of Nigeria, the
local government authorities in conjunction with the
state ministries of health are in charge of monitoring
food quality and safety, general public health surveil-
lance, and complaints. Regulation of edible insects is
also crucially influenced by other Ministries, such as
the Federal Ministry of Industry, Trade and Investment,
the Federal Ministry of Environment, and the Fed-
eral Ministry of Science, Technology, and Innovation.
This includes traceability measures for insect material
(Niassy et al., 2022). Standards for the sustainable use
of edible insects in Nigeria are being developed by the
National Agency for Food and Drugs Administration
and Control (NAFDAC) and the Standard Organization
of Nigeria (SON).When it comes to the packaging,mark-
ing or labelling, and industrial preservation of edible
insects, the role of SON is essential for the best perfor-
mance of services and related activities (Usman and
Yusuf, 2021). Under Section 6 of the 1992 Food and
Drugs Act, the Food and Drugs Authority in Ghana has
enacted laws that control the manufacturing of novel
food items. On the other hand, Ghana’s environmental
protection agency is lacking in controls over and regula-
tions for insect farming (Niassy et al., 2022).
It is important to note that the level of regulation

and implementationmay vary among African countries.
However, the recognition of the significance of trace-
ability in ensuring food safety and quality standards
is evident through the ongoing discussions and efforts
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to establish appropriate regulations and standards for
the usage of insects as food and feed. Regulations (EC)
853/2004 and 1169/2011 shall be followed on the trace-
ability of food ingredients. The product should be eval-
uated at this point to see if it complies with food safety
regulations. Transporting goods should follow the reg-
ulations outlined in Regulations (EC) 852/2004 and
183/2005. Live insects should be transported in accor-
dance with laws governing the welfare of animals, with
a minimal amount of time spent in transit, under tem-
perature control, and using a vehicle with a ventilation
system. Insects are shipped live and processed either
directly to customers and animal breeders or to man-
ufacturers of food and feed (Żuk-Gołaszewska et al.,
2022).

6 Barriers/challenges associated with the
consumption of dragonflies and damselflies

The production of edible insects is still relatively new
and the practice is gradually gaining popularity around
the world (Moruzzo et al., 2021). The practice of rear-
ing edible insects such as dragonflies and damselflies
is more popular in Africa than in the Western world
where very few insects are allowed to be incorporated
into the diets of animals such as poultry (Moruzzo et
al., 2021). In the tropics and subtropics, about 2,100
insects have been documented as edible insects but
these organisms are from different sources (van Huis,
2021). In certain parts of theworld or country and in cul-
tures where certain insects are eaten, new insects such
as dragonflies may not be the preferred option (Tanga et
al., 2021). In Kenya, Tanzania and Uganda, it is usually
the coleopterans and lepidopterans which are farmed
for food according to their culture (Tanga et al., 2021).
Therefore, introducing odonatans as food may pose a
threat to the consumers of the product.
One of the major barriers to odonatan and other edi-

ble insect rearing is the lack of information (Niyonsaba
et al., 2021) (Figure 3). The European insect sector is not
yet fully developed. In other parts of the world, small
scale farms have been established as opposed to the
large scale livestock farms (Niyonsaba et al., 2021). Infor-
mation of poultry and fish farming is readily available
however information on insect rearing, more specif-
ically dragonfly farming is difficult to acquire. When
information about insect farming is available, it usually
focuses on the technical aspects of insect production,
nutritional content of insects and environmental bene-
fits (Niyonsaba et al., 2021). This research though useful,

does not provide all the information needed to suc-
cessfully rear insects, more specifically dragonflies. It is
important that more research is carried out on rearing
edible insects of every order especially Odonata.
Another important barrier to the consumption of

dragonflies is the presence of heavy metals (Table 6)
which are toxic and affect the ecosystem negatively.
Heavy metals enter the environment in numerous ways
especially by the process of mining (Wegenast and Beck,
2020). They are contaminants and they do not have any
odor, colour or taste (Blanco et al., 2020) Mining pro-
cesses require the use of hazardous substances includ-
ing heavy metals and cyanide (Wegenast and Beck,
2020). These substances enter the agricultural environ-
ment as well as the ecosystemwhere they accumulate in
the food chain (Blanco et al., 2020). Once in the ecosys-
tem they may accumulate in insects such as dragonflies.
Gold and copper extraction are known to be associated
with the release of metals such as arsenic, cyanide or
mercury (Wegenast and Beck, 2020). In order to limit
the accumulation of heavy metals in the environment,
the health and safety standards of mining need to be
evaluated and pollution reduction is very important.
One of the main challenges and barriers in the West-

ern world is the issue of food safety (Moruzzo et al.,
2021). It has been reported that some edible insects
cause allergic reactions after being consumed, inhaled
or touched (De Marchi et al., 2021). The allergic reac-
tions occur as a result of cross reactivity with other tax-
onomically related food allergens like crustaceans and
inhalant allergens like house dust mites. Tropomyosin
(TM), arginine kinase (AK), and glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) are examples of
allergens found in invertebrates (De Marchi, Wangorsch
and Zoccatelli, 2021). Food safety is part of a larger issue
which is the legalities of producing, marketing and sell-
ing food (Moruzzo et al., 2021). According to the FAO,
some of the important food safety issues which need to
be considered include biological agents such as bacte-
rial viral and fungal organisms and chemical contami-
nants (FAO, 2021). If insects are to be produced com-
mercially, detection of microorganisms and chemical
contaminants is vital (FAO, 2021). It has been reported
that toxic metals which are deposited into water bodies
can also accumulate within the bodies of aquatic ani-
mals and these include dragonflies (Nasirian and Irvine,
2021). The heavy metals have disastrous consequences
on the health and well-being of mankind therefore it is
important that food sources which contain these pol-
lutants are avoided. Table 7 shows the adverse effects
of the toxic metals and they include tissue and organ
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16 S.A. Siddiqui et al.

Figure 3 Barriers to the use of edible dragonflies and damselflies as food.

Table 6 Approximate levels of heavy metals (dry weight μg g−1) in five species of odonatan nymphs in Shadegan wetland of Iran. Source:
Nasirian and Irvine, 2017

Species Mercury levels Lead levels Chromium levels Copper levels
Ischnura ramburii 0.13 0.55 69.14 358.65
Libellula semifasciata 241.05 0.55 91.8 675.14
Argia fumipennis 0.13 0.55 66.43 250.81
Argia sedula 0.13 0.55 0.67 0.61
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Edible dragonflies and damselflies 17

Table 7 Heavy metals found in some edible odonatans and their effects on human health. Source: Mitra et al., 2022

Heavy metal Species Symptoms and effects of heavy metal References
Mercury Ischnura ramburii Side effects include eye irritation,

difficulty in breathing, chest pain,
exhaustion, weight loss

Mitra et al., 2022;
Nasirian and Irvine,
2017

Cadmium Zonophora sp. Cadmium is a cancer causing agent. It can
cause kidney disease and fragile bones.

Kiran et al., 2022

Nickel Libellula semifasciata Side effects include allergy, cardiovascular
and kidney diseases, nasal and lung cancer

Kiran et al., 2022

Chromium Castoraeschna castor Asthma, eye and respiratory irritation,
pulmonary congestion, pain in upper
abdomen, skin irritation

Mitra et al., 2022

Arsenic Ischnura ramburii Overexposure to large quantities causes
cancer and skin lesions. Early exposure in
babies affects cognitive development

Kiran et al., 2022;
Nasirian and Irvine,
2017

Lead Neurothermis tullia Kidney and brain damage, anaemia and
weakness

Kiran et al., 2022

Copper Argia fumipennis High quantities can cause vomiting
nausea, abdominal pain and diarrhoea.
Severe illness include kidney and liver
damage

Mitra et al., 2022

Tin Argia sedula Large quantities cause, stomach upsets,
anaemia, kidney and liver problems

Mitra et al., 2022

Manganese Gomphoides selys Large quantities leads to neurological
condition called ‘manganism’ which
includes trembling

Mitra et al., 2022

damage as well as eye irritation. Other effects are the
interruption of proper metabolic pathways in the body
and in severe cases death may occur. In Figure 4, the
effect of pollution of waterbodies containing dragonfly
nymphs is shown. The toxic metals remain in the bod-
ies of nymphs and even when they mature into adult
dragonflies. When humans consume the adult dragon-
flies, the toxicmetals are deposited into humans and the
adverse effects described become evident.
Edible insect like larvae of palm weevils Rhynchopho-

rus spp. have been cooked and eaten in many parts of
Africa and Asia (Fernando et al., 2023). They are con-
sumed in foods as raw, boiled, fried or smoked forms
(Adepoju and Ayenitaju, 2021). Likewise, dragonflies
mostly are eaten as food by cooking them first using
the same processes of smoking, frying or boiling. Unlike
palm weevil larvae, the physical appearance of edible
odonatans may cause fear, therefore removing the legs
and intestines or converting them into powdery addi-
tives is more advisable. Because the nutritional value
of insects has been compared to meat, it is possible to
convert insects into additives which can then be added
to foods (Adepoju and Ayenitaju, 2021). Thus, edible

odonatans can also be converted into additives to be
added to foods or processed into snacks.
The laws regulating insect farming in the world have

limited the production of many species of insects, more
specifically dragonflies. In some countries the produc-
tion of insects using human excreta as feed is allowed
however in the European Union (EU), this practice is
not allowed (Niyonsaba et al., 2021). In addition, very
few insects have been chosen which can be used in fish
meal (Niyonsaba et al., 2021). Several different species of
insects are reared throughout the world however edible
insects in one part of the world may not necessarily be
consumed in other parts of the world.
The culture and psychological state of the people of

Gelao in China, the Mazahua of Mexico and the Kiri-
winians in Papua New Guinea has made it possible for
these people to consume insects (Zhao et al., 2021).
Various surveys in Europe have shown that very few
people are ready to replace the consumption of meat
with insects (Hartmann, 2017). In a Dutch survey only
4% chose a snack containing insects (Hartmann, 2017).
Europe in general react negatively to insects as food
when compared to Asia and more specifically, China.
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18 S.A. Siddiqui et al.

Figure 4 Transfer of toxic heavy metals from insects in aquatic environment to mankind.

This is evidence to support the claim that the cultural
sphere in which an individual grows up affects the deci-
sion to consume insects as food. Insects such as fried
silkworms were found to be more acceptable as food
in China than in Germany (Hartmann, 2017). In West-
ern cultures insects are associated with contaminated
food not healthy food (Hartmann, 2017). Hartmann et
al. (2015) carried out a cross cultural comparison in
China and Germany on consumers’ willingness to eat
different insect-based processed foods such as cook-
ies based on cricket flour and unprocessed insect food
(e.g. crickets). It was found that the Chinese rated all
insect based foods more positively in regards to taste,
nutritional value, familiarity and social acceptance com-
pared to Germans (Hartmann, 2015). In addition, there
was no difference in the ratings of processed and unpro-
cessed insect food by the Chinese whilst the Germans
were more willing to eat the processed insect food com-
pared to the unprocessed insect food (Hartmann, 2015).
Furthermore, it has been reported that gender influ-
ences the acceptance of insects as food and more men
seem to react more positively to insects as food than
women (Hartmann, 2017). Where insects are not con-
sumed, they may not be produced unless production is
for export. It is important to work on the production,
import and export laws of insects in order to have uni-
form international regulations to govern this upcoming
venture (Moruzzo et al., 2021). Dragonflies and dam-
selflies have not yet been officially added to the list of
insects which can be incorporated into livestock feed.
The biology of the odonatan is an important fac-

tor which poses a challenge to the use of the insect
as food or feed. Dragonflies and damselflies are rela-

tively large insects and they have excellent flying capa-
bilities (Okude, 2017). Their ability to fly over long dis-
tances may be a challenging factor when rearing. Some
insects such as adult dragonflies and damselflies are
verymobile therefore little is known about which organ-
isms they feed on and how their diets can be monitored
(Chari et al., 2018). This is another challenge which has
been highlighted in insect farming. Insects which are
taken from the wild cannot be classified in certain food
groups since the nutrition of the insect in the wild can-
not be monitored (van Huis, 2021). The choice of a rear-
ing chamber would need to factor in the flying potential
whilst in the adult stage. Also, it has been reported that
cannibalism is an attribute of dragonflies and this can
cause a decline of populations within a rearing chamber
(Okude, 2017). Multi-well plastic containers have been
strategically used to reduce the possibility of cannibal-
ism during rearing (Okude, 2017).
Another important factor to be considered is the eco-

nomic costs of producing dragonflies. Insect produc-
tion is highly specialised depending on the insect being
reared. For example, dragonflies complete part of their
life cycle in water and this makes water a requirement
in dragonfly farming (Krull, 1929). Edible insect farm-
ing is not expensive however a basic capital is required
(Niyonsaba et al., 2021). In developed countries, crowd
funding has enabled several edible insect businesses to
start up. In developing countries, access to funds for
such start-ups may not be available therefore economic
costs are a limiting factor.
In conclusion, rearing dragonflies for food or feed is

quite rare. Even though some of the species are edible,
production of dragonflies in the laboratory is usually
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done for scientific experimentation, not for food. Sev-
eral challenges have not been officially documented in
dragonfly rearing however, it can be deduced that cli-
mate change will be a critical factor which would affect
dragonfly rearing since the insect requires water during
part of the rearing phase.

7 Rearing and preparation of edible dragonflies
and damselflies

Because entomophagy is gradually gaining recognition,
new and more improved methods of rearing insects
are now being developed (Janra et al., 2020). Scientists
have the challenge of building and developing new and
improved rearing cages to suit the different insects in
the different orders of insect classification (Janra et al.,
2020). Furthermore, insects have several diets and as
some feed on plant and vegetable matter, other insects
such as dragonflies and damselflies feed on other insects
and serve as the natural enemies of those insects (Janra
et al., 2020). It has been reported that rearing drag-
onflies and damselflies in the laboratory has several
advantages including uniformity of ages of the offspring
(Janra et al., 2020). However, the major challenge of
rearing and consuming dragonflies and damselflies is
being able to produce enough insects within a limited
time.
In warm regions insects are available throughout the

year (Kouřimská and Adámková 2016); weather could
therefore be a barrier to the supply of insects. In Africa,
the tropical weather and the existence of rural settle-
ments where there are sufficient resources for rearing
insects makes it relatively easy to do so. However, in
Europe, where warm weather may last for less than half
of the year, the process of rearing as well as the produc-
tion costs may be high (Williams et al., 2021)
Several methods of rearing insects in the order

Odonata have been described and implemented but
these methods require a lot of resources and time in
order to be effective (Locklin et al., 2012). Several appa-
ratus are also used in the collection and rearing process
(Tennessen, 2019). A species of dragonfly, Sympetrum
obtrusum has been successfully reared under laboratory
conditions by starting with the egg stage (Krull, 1929).
Mated female dragonflies are made to lay eggs in vials
(Krull, 1929). It is reported that eggs are easily obtained
by keeping the abdomen of the female dragonfly out
of water (Krull, 1929). It was previously stated that eggs
had to be deposited in dirty water however, it was dis-
covered that hatchability of eggs was highest when eggs

were placed in clean water. In addition, newly hatched
nymphswere easily seen (Krull, 1929). In order to reduce
fungal growth is dishes containing water, it was rec-
ommended that the water is changed frequently (Krull
1929). In addition, salt was added to the water on several
occasions (Krull, 1929). Not only did the salt reduce fun-
gal growth but also hatchability was not affected (Krull,
1929). Previously published research has suggested that
algal growth in water has to be inhibited to success-
fully rear dragonflies (Locklin et al., 2012). It has also
been stated that multiple food sources as well as daily
water changes are required to rear odonatans effec-
tively however, advancements in research have resulted
in improved rearing protocols (Locklin et al., 2012).
For example, nymphal mortality has been reduced by
the immediate isolation of nymphs as soon as hatch-
ing has taken place. Diverse food sources were pre-
viously used in rearing protocols; such food sources
included paramecium and tubificid worms (Krull, 1929).
Improvements in rearing dragonflies have resulted in
the use of few or limited food products in rearing (Lock-
lin et al., 2012). There is a general ban in the European
Union on the use of waste to feed insects to reduce con-
taminants such as heavy metals and to improve health
and safety (Schrögel and Wätjen, 2019). Cadmium and
arsenic have been recorded as contaminants in black
soldier fly and yellow mealworm (Schrögel and Wätjen,
2019). An approach used to reduce the transfer of con-
taminants by consumption is to starve the insects before
harvesting them as most of the contaminants are found
in the gut of the insect (Schrögel and Wätjen, 2019).
An experimental method to produce a large quantity
of Ischnura ramburii by rearing in the laboratory has
been reported (Locklin et al., 2012), however the data
was only gathered from the first generation of drag-
onflies. Consequently another successful protocol was
produced which enables three generations of Ischnura
elegans to be produced in a single year with hundreds
of insects in each generation (Piersanti et al., 2015). In
order to reduce heavy metal contamination of dragon-
flies, the practice of starving insects before harvesting
should be investigated in odonatans. Consumption of
edible odonatans should be associated with environ-
mental sustainability in order for humans to understand
the benefits of insect production and consumption to
the environment. Where there is doubt, the insect can
firstly be used to feed livestock to prepare humans psy-
chologically for direct consumption of the odonatans.
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8 Future perspectives and conclusions

Biochemical and ecological studies of dragonflies can
provide information on the food chain and the nutri-
ents which are passed on in the food chain. Studies
have shown that carotenoids such as lutein and zeax-
anthin which were found in dragonflies originated from
insects such as mosquitoes, flies, butterflies, planthop-
pers and moths which the odonatans feed on (Maoka et
al., 2020). The specificity of odonatan to aquatic habi-
tats means that they can be exploited technologically
to monitor the health of aquatic ecosystems. In addi-
tion, even though dragonfly nymphs are edible, they are
also used as biosentinels for the detection of mercury in
freshwater food webs.
Whenmore information on insects is made available,

consumers would appreciate the science and nutrition
of insect farming. The nutritional composition of 236
edible insects have been published (FAO, 2021). When
insects such as dragonflies become recognised as food,
more studies would be conducted on them. In some
parts of theworld, very few studies have been conducted
on dragonflies and the total number of species found in
certain countries is unknown. However, information on
the nutritional content of dragonflies is readily available
and all the differentmicronutrients including the amino
acids found in the species have been documented. It is
therefore important to increase and improve dragonfly
rearing protocols. Patents need to be granted for food
processing of insects as food and feed.
Technological innovations of science improve quan-

tity and quality. There is an increased risk of contamina-
tion when insects are collected and consumed directly
from the wild. This can be avoided by farming insects
in a controlled environment where the inputs of the
farm are controlled and monitored in order not to have
adverse conditions on mankind as they enter the food
web. In future, more scientific studies into nutrition,
biochemistry and entomology will be needed in order
to diversify the substrates used for rearing insects. In
East Africa, more specifically Kenya and Uganda, where
insect consumption is on the increase, organisations
and stakeholders are drawing up legal standards to reg-
ulate how insects are farmed and handled before they
reach the consumer (Tanga et al., 2021). The two African
countries are more flexible in regards to legislation on
insects and they farm any insect and use all available
substrates to feed the insects. On the other hand, in
Europe, only seven insects are farmed and the use of cer-
tain substrates to feed the insects are prohibited (Tanga
et al., 2021). International legislations are needed in

order for insects to be farmed and exported from one
country to another.
As the world’s population increases, insects will not

only provide nutrients to mankind but also work will
be available to sustain the economies of countries
where insect farming is essential. The livelihood of rural
communities is being diversified by rearing and sell-
ing insects. Several enterprises have also been devel-
oped to produce insects in various countries. As the
world strives to achieve the sustainable development
goals, insect farming will pave a way for resources to be
utilised for sustainable economic development.

Supplementary material

Supplementary material is available online at:
https://doi.org/10.6084/m9.figshare.24969909

Authors’ contribution

S.A.S.: conceptualization, methodology, validation, for-
mal analysis, data curation, writing – original draft,
writing – review and editing, visualization, supervision,
resources, project administration; K.A.: writing – origi-
nal draft; N.N.: writing – original draft; Y.R.S.: writing –
original draft; Y.S.W.: validation; M.L.: writing – original
draft; O.F.A.: methodology; I.F.: writing – original draft,
writing – review and editing; S.N.P.: validation; R.C-M.:
validation.

Conflict of interest

The authors declare no conflict of interest.

Funding

No funding was received for this work.

References

Abbasi, T., Tauseef, S.M. and Abbasi, S.A., 2012. Anaerobic
digestion for global warming control and energy gener-
ation – an overview. Renewable and Sustainable Energy
Reviews 16: 3228-3242. https://doi.org/10.1016/j.rser.2012
.02.046

Journal of Insects as Food and Feed 0 (2024) 1–26
Downloaded from Brill.com 03/04/2024 01:11:41PM

via Open Access. This is an open access article distributed under the terms
of the CC BY 4.0 license.

https://creativecommons.org/licenses/by/4.0/

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

https://doi.org/10.6084/m9.figshare.24969909
https://doi.org/10.1016/j.rser.2012.02.046
https://doi.org/10.1016/j.rser.2012.02.046
https://creativecommons.org/licenses/by/4.0/
http://mostwiedzy.pl


Edible dragonflies and damselflies 21

Adepoju, O.T. andAyenitaju, A.O., 2021. Assessment of accept-
ability and nutrient content of palm weevil (Rhynchopho-
rus phoenicis) larvae enriched complementary foods. Inter-
national Journal of Tropical Insect Science 41: 2263-2276.
https://doi.org/10.1007/s42690-021-00487-7

Allegretti, G., Talamini, E., Schmidt, V., Bogorni, P.C. and
Ortega, E., 2018. Insect as feed: an emergy assessment of
insect meal as a sustainable protein source for the Brazil-
ian poultry industry. Journal of Cleaner Production 171:
403-412. https://doi.org/10.1016/j.jclepro.2017.09.244

Amadi, E.N. and Kiin-Kabari, D.B., 2016. Nutritional composi-
tion and microbiology of some edible insects commonly
eaten in Africa, hurdles and future prospects: a critical
review. Journal of Food: Microbiology, Safety & Hygiene 1:
1000107. https://doi.org/10.4172/2476-2059.1000107

Ayensu, J., Annan, R.A., Edusei, A. and Lutterodt, H., 2019.
Beyond nutrients, health effects of entomophagy: a sys-
tematic review. Nutrition and Food Science 49: 2-17.
https://doi.org/10.1108/NFS-02-2018-0046

Baccini, A.G.S.J., Goetz, S.J., Walker, W.S., Laporte, N.T., Sun,
M., Sulla-Menashe, D., Hackler, J., Beck, P.S.A., Dubayah,
R., Friedl, M.A. and Samanta, S., 2012. Estimated carbon
dioxide emissions from tropical deforestation improved by
carbon-density maps. Nature Climate Change 2: 182-185.
https://doi.org/10.1038/nclimate1354

Baiano, A., 2020. Edible insects: an overview on nutritional
characteristics, safety, farming, production technologies,
regulatory framework, and socio-economic and ethical
implications. Trends in food science and Technology 100:
35-50. https://doi.org/10.1016/j.tifs.2020.03.040

Bairagi, S.H., 2019. Insects with potential medicinal signifi-
cance: a review. Biomedical Journal of Scientific and Tech-
nical Research 16: 12024-12027. https://doi.org/10.26717
/BJSTR.2019.16.002849

Bastos, R.C., Brasil, L.S., Oliveira-Junior, J.M.B., Carvalho, F.G.,
Lennox, G.D., Barlow, J. and Juen, L., 2021. Morpholog-
ical and phylogenetic factors structure the distribution
of damselfly and dragonfly species (Odonata) along an
environmental gradient in Amazonian streams. Ecologi-
cal Indicators 122: 107257. https://doi.org/10.1016/j.ecolind
.2020.107257

Batat, W. and Peter, P., 2020. The healthy and sustainable
bugs appetite: factors affecting entomophagy acceptance
and adoption in Western food cultures. Journal of Con-
sumer Marketing 37: 291-303. https://doi.org/10.1108/JCM
-10-2018-2906

Belluco, S., Halloran, A. and Ricci, A., 2017. New protein
sources and food legislation: the case of edible insects and
EU law. Food Security 9: 803-814. https://doi.org/10.1007
/s12571-017-0704-0

Bermúdez-Serrano, I.M., 2020. Challenges and opportunities
for the development of an edible insect food industry in
Latin America. Journal of Insects as Food and Feed 6: 537-
556. https://doi.org/10.3920/JIFF2020.0009

Bernard, T. and Womeni, H.M., 2017. Entomophagy: insects
as food. Insect Physiology and Ecology 2017: 233-249.
https://doi.org/10.5772/67384

Blanco, G.D., Sühs, R.B., Brizola, E., Corrêa, P.F., Campos,
M.L. and Hanazaki, N., 2020. Invisible contaminants
and foos security in former coal mining areas of Santa
Catarina, Southern Brazil. Journal of Ethnobiology and
Ethnomedicine 16: 44. https://doi.org/10.1186/s13002-020
-00398-w

Carcea, M., 2020. Quality and nutritional/textural properties
of durumwheat pasta enriched with cricket powder. Foods
9: 1298. https://doi.org/10.3390/foods9091298

Chakravorty, J., Ghosh, S. and Meyer-Rochow, V.B., 2011. Prac-
tices of entomophagy and entomotherapy by members of
the Nyishi and Galo tribes, two ethnic groups of the state
of Arunachal Pradesh (North-East India). Journal of Ethno-
biology and Ethnomedicine 7: 1-14. https://doi.org/10.1186
/1746-4269-7-5

Chakravorty, J., Ghosh, S. and Meyer-Rochow, V.B., 2013. Com-
parative survey of entomophagy and entomotherapeu-
tic practices in six tribes of Eastern Arunachal Pradesh
(India). Journal of Ethnobiology and Ethnomedicine 9: 1-
12. https://doi.org/10.1186/1746-4269-9-50

Chakravorty, J., Jugli, S., Boria, M. and Meyer-Rochow, V.B.,
2019. Arunachal’s Adi and Apatani tribes’ traditional
knowledge of harvesting and using edible insects. Journal
of Insects as Food and Feed 5: 125-135. https://doi.org/10
.3920/JIFF2018.0019

Chari, L.D., Moyo, S. and Richoux, N.B., 2018. Trophic ecology
of adult male Odonata. II. Dietary contributions of aquatic
food sources. Ecological Entomology 43: 15-27. https://doi
.org/10.1111/een.12459

Chen, X., Feng, Y. and Chen, Z., 2009. Common edible insects
and their utilization in China. Entomological Research 39:
299-303. https://doi.org/10.1111/j.1748-5967.2009.00237.x

da Silva Lucas, A.J., de Oliveira, L.M., Da Rocha, M. and Pren-
tice, C., 2020. Edible insects: an alternative of nutritional,
functional and bioactive compounds. Food Chemistry 311:
126022. https://doi.org/10.1016/j.foodchem.2019.126022

de Carvalho, N.M., Madureira, A.R. and Pintado, M.E., 2020.
The potential of insects as food sources – a review. Criti-
cal Reviews in Food Science and Nutrition 60: 3642-3652.
https://doi.org/10.1080/10408398.2019.1703170

de Castro, R.J.S., Ohara, A., dos Santos Aguilar, J.G. and
Domingues, M.A.F., 2018. Nutritional, functional and bio-
logical properties of insect proteins: processes for obtain-
ing, consumption and future challenges. Trends in Food

Journal of Insects as Food and Feed 0 (2024) 1–26
Downloaded from Brill.com 03/04/2024 01:11:41PM

via Open Access. This is an open access article distributed under the terms
of the CC BY 4.0 license.

https://creativecommons.org/licenses/by/4.0/

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

https://doi.org/10.1007/s42690-021-00487-7
https://doi.org/10.1016/j.jclepro.2017.09.244
https://doi.org/10.4172/2476-2059.1000107
https://doi.org/10.1108/NFS-02-2018-0046
https://doi.org/10.1038/nclimate1354
https://doi.org/10.1016/j.tifs.2020.03.040
https://doi.org/10.26717/BJSTR.2019.16.002849
https://doi.org/10.26717/BJSTR.2019.16.002849
https://doi.org/10.1016/j.ecolind.2020.107257
https://doi.org/10.1016/j.ecolind.2020.107257
https://doi.org/10.1108/JCM-10-2018-2906
https://doi.org/10.1108/JCM-10-2018-2906
https://doi.org/10.1007/s12571-017-0704-0
https://doi.org/10.1007/s12571-017-0704-0
https://doi.org/10.3920/JIFF2020.0009
https://doi.org/10.5772/67384
https://doi.org/10.1186/s13002-020-00398-w
https://doi.org/10.1186/s13002-020-00398-w
https://doi.org/10.3390/foods9091298
https://doi.org/10.1186/1746-4269-7-5
https://doi.org/10.1186/1746-4269-7-5
https://doi.org/10.1186/1746-4269-9-50
https://doi.org/10.3920/JIFF2018.0019
https://doi.org/10.3920/JIFF2018.0019
https://doi.org/10.1111/een.12459
https://doi.org/10.1111/een.12459
https://doi.org/10.1111/j.1748-5967.2009.00237.x
https://doi.org/10.1016/j.foodchem.2019.126022
https://doi.org/10.1080/10408398.2019.1703170
https://creativecommons.org/licenses/by/4.0/
http://mostwiedzy.pl


22 S.A. Siddiqui et al.

Science and Technology 76: 82-89. https://doi.org/10.1016/j
.tifs.2018.04.006

De Marchi, L., Wangorsch, A. and Zoccatelli, G., 2021. Aller-
gens from edible insects: cross-reactivity and effects of
processing. Current Allergy and Asthma Reports 21: 35.
https://doi.org/10.1007/s11882-021-01012-z

Dev, S., Hassan, K., Claes, J., Mozahid, M.N., Khatun, H. and
Mondal, M.F., 2020. Practices of entomophagy and ento-
motherapy in Bangladesh. Journal of Insects as Food and
Feed 6: 515-524. https://doi.org/10.3920/JIFF2020.0038

Devi, W.D., Bonysana, R., Kapesa, K., Mukherjee, P.K. and
Rajashekar, Y., 2023. Edible insects: as traditional medicine
for humanwellness. Future Foods 7: 100219. https://doi.org
/10.1016/j.fufo.2023.100219

EFSA Scientific Committee, 2015. Risk profile related to pro-
duction and consumption of insects as food and feed.
EFSA Journal 13: 4257. https://doi.org/10.2903/j.efsa.2015
.4257

Ernst, E., 2002. A systematic review of systematic reviews of
homeopathy. British Journal of Clinical Pharmacology 54:
577-582. https://doi.org/10.1046/j.1365-2125.2002.01699.x

FAO, 2021. Looking at edible insects from a food safety per-
spective. Food and Agriculture Organization of the United
Nations, Rome, Italy. https://doi.org/10.4060/cb4094en

FAO, 2022. Hunger and food insecurity. Food and Agriculture
Organisation on United Nation, Rome, Italy. https://www
.fao.org/hunger/en/

Feng, Y., Chen, X.M., Zhao, M., He, Z., Sun, L., Wang, C.Y. and
Ding, W.F., 2018. Edible insects in China: utilization and
prospects. Insect Science 25: 184-198. https://doi.org/10.1111
/1744-7917.12449

Feng, Y., Zhao, M., He, Z., Chen, Z. and Sun, L., 2009. Research
and utilization of medicinal insects in China. Entomologi-
cal Research 39: 313-316. https://doi.org/10.1111/j.1748-5967
.2009.00236.x

Fernando, I., Siddiqui, S.A., Nugraha, W.S., Yudhistira, B., Adli,
D.N., Nagdalian, A.A., Blinov, A.V. and Mario, M.B., 2023.
Overview of larva of red palm weevil, Rhynchophorus fer-
rugineus (Olivier) (Coleoptera: Curculionidae), as human
food. Journal of Insects as Food and Feed 9: 1265-1283.
https://doi.org/10.3920/JIFF2022.0095

Fontaneto, D., Tommaseo-Ponzetta, M., Galli, C., Risé, P., Glew,
R.H. and Paoletti, M.G., 2011. Differences in fatty acid com-
position between aquatic and terrestrial insects used as
food in human nutrition. Ecology of Food and Nutrition
50: 351-367. https://doi.org/10.1080/03670244.2011.586316

Fritz, J., Walia, C., Elkadri, A., Pipkorn, R., Dunn, R.K., Sier-
acki, R., Goday, P.S. and Cabrera, J.M., 2019. A systematic
review of micronutrient deficiencies in pediatric inflam-
matory bowel disease. Inflammatory Bowel Diseases 25:
445-459. https://doi.org/10.1093/ibd/izy271

Gaitán, L., Läderach, P., Graefe, S., Rao, I. and Van der Hoek,
R., 2016. Climate-smart livestock systems: an assessment of
carbon stocks andGHG emissions in Nicaragua. PLOSONE
11: e0167949. https://doi.org/10.1371/journal.pone.0167949

Gamborg, C., Röcklinsberg, H. and Gjerris, M., 2018. Sustain-
able proteins? Values related to insects in food systems. In:
Halloran, A., Flore, R., Vantomme, P. and Roos, N. (eds.)
Edible insects in sustainable food systems. Springer, Cham,
Switzerland, pp. 199-211. https://doi.org/10.1007/978-3-319
-74011-9_13

Ghosh, S., 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:
686-694. https://doi.org/10.1016/j.aspen.2017.04.003

Grmelova, N. and Sedmidubsky, T., 2017. Legal and environ-
mental aspects of authorizing edible insects in the Euro-
pean Union. Czech Agricultural Economics Journal 63:
393-399. https://doi.org/10.17221/3/2016-AGRICECON

Halloran, A., Vantomme, P., Hanboonsong, Y. and Ekesi, S.,
2015. Regulating edible insects: the challenge of addressing
food security, nature conservation, and the erosion of tra-
ditional food culture. Food Security 7: 739-746. https://doi
.org/10.1007/s12571-015-0463-8

Hartmann, C. and Siegrist, M., 2017. Insects as food: per-
ception and acceptance. Findings from current research.
Ernahrungs Umschau 64: 44-50. https://doi.org/10.4455
/eu.2017.010

Hartmann, C., Shi, J., Giusto, A. and Siegrist, M., 2015. The
psychology of eating insects: a cross-cultural comparison
between Germany and China. FoodQuality and Preference
44: 148-156. https://doi.org/10.1016/j.foodqual.2015.04.013

Henchion, M., Hayes, M., Mullen, A.M., Fenelon, M. and
Tiwari, B., 2017. Future protein supply and demand: strate-
gies and factors influencing a sustainable equilibrium.
Foods 6: 53. https://doi.org/10.3390/foods6070053

Illa, J. and Yuguero, O., 2022. An analysis of the ethical,
economic, and environmental aspects of entomophagy.
Cureus 14: 1-7. https://doi.org/10.7759%2Fcureus.26863

ITIS, 2022. Integrated taxonomic information system – Re-
port. https://doi.org/10.5066/F7KH0KBK

Janra, M.N., Herwina, H., Rahmayani, H., Rahmawati, L.,
Sehati, D.P. and Fandesti, S.R., 2020. Defining the rear-
ing cage for Agriocnemis femina damselfly (Odonata,
Zygoptera, Coenagrionidae). Jurnal Riset Biologi dan Ap-
likasinya 2: 42. https://doi.org/10.26740/jrba.v2n2.p42-48

Jensen, N.H. and Lieberoth, A., 2019. We will eat disgusting
foods together-evidence of the normative basis of West-
ern entomophagy-disgust from an insect tasting. Food
Quality and Preference 72: 109-115. https://doi.org/10.1016
/j.foodqual.2018.08.012

Journal of Insects as Food and Feed 0 (2024) 1–26
Downloaded from Brill.com 03/04/2024 01:11:41PM

via Open Access. This is an open access article distributed under the terms
of the CC BY 4.0 license.

https://creativecommons.org/licenses/by/4.0/

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

https://doi.org/10.1016/j.tifs.2018.04.006
https://doi.org/10.1016/j.tifs.2018.04.006
https://doi.org/10.1007/s11882-021-01012-z
https://doi.org/10.3920/JIFF2020.0038
https://doi.org/10.1016/j.fufo.2023.100219
https://doi.org/10.1016/j.fufo.2023.100219
https://doi.org/10.2903/j.efsa.2015.4257
https://doi.org/10.2903/j.efsa.2015.4257
https://doi.org/10.1046/j.1365-2125.2002.01699.x
https://doi.org/10.4060/cb4094en
https://www.fao.org/hunger/en/
https://www.fao.org/hunger/en/
https://doi.org/10.1111/1744-7917.12449
https://doi.org/10.1111/1744-7917.12449
https://doi.org/10.1111/j.1748-5967.2009.00236.x
https://doi.org/10.1111/j.1748-5967.2009.00236.x
https://doi.org/10.3920/JIFF2022.0095
https://doi.org/10.1080/03670244.2011.586316
https://doi.org/10.1093/ibd/izy271
https://doi.org/10.1371/journal.pone.0167949
https://doi.org/10.1007/978-3-319-74011-9_13
https://doi.org/10.1007/978-3-319-74011-9_13
https://doi.org/10.1016/j.aspen.2017.04.003
https://doi.org/10.17221/3/2016-AGRICECON
https://doi.org/10.1007/s12571-015-0463-8
https://doi.org/10.1007/s12571-015-0463-8
https://doi.org/10.4455/eu.2017.010
https://doi.org/10.4455/eu.2017.010
https://doi.org/10.1016/j.foodqual.2015.04.013
https://doi.org/10.3390/foods6070053
https://doi.org/10.7759%2Fcureus.26863
https://doi.org/10.5066/F7KH0KBK
https://doi.org/10.26740/jrba.v2n2.p42-48
https://doi.org/10.1016/j.foodqual.2018.08.012
https://doi.org/10.1016/j.foodqual.2018.08.012
https://creativecommons.org/licenses/by/4.0/
http://mostwiedzy.pl


Edible dragonflies and damselflies 23

Jiang, Y., He, Z., Zhao, M., Wang, C., Sun, L. and Feng, Y., 2017.
Oil content and fatty acid composition of six kinds of com-
mon edible dragonfly naiads. China Oils and Fats 42: 135-
139.

Jintapitak, M., Ansari, M.A., Kamyod, C., Singkhamfu, W.,
Kamthe, N.S. and Temdee, P., 2019. Blockchain eco-system
for Thai insect industry: a smart contract conceptual
framework. International Symposium on Wireless Per-
sonal Multimedia Communications (WPMC): 1-4. https://
doi.org/10.1109/WPMC48795.2019.9096209

Kaya, M., Baran, T., Mentes, A., Asaroglu, M., Sezen, G. and
Tozak, K.O., 2014. Extraction and characterization of α-
chitin and chitosan from six different aquatic inverte-
brates. Food Biophysics 9: 145-157. https://doi.org/10.1007
/s11483-013-9327-y

Kemprai, S.R., Tamuli, A.K. and Teron, R., 2022. Entomother-
apy: a study of medicinal insects of three ethnic groups in
Semkhor Area, Dima Hasao District, Assam. International
Journal of Scientific Research in Engineering and Manage-
ment 6: 1-26. http://dx.doi.org/10.55041/IJSREM11486

Kinyuru, J.N., Mogendi, J.B., Riwa, C.A. and Ndung’u, N.W.,
2015. Edible insects – a novel source of essential nutrients
for human diet: learning from traditional knowledge. Ani-
mal Frontiers 5: 14-19. https://doi.org/10.2527/af.2015-0014

Kiran, Bharti, R. and Sharma, R., 2022. Effect of heavy met-
als: an overview. Materialstoday: Proceedings 51: 880-885.
https://doi.org/10.1016/j.matpr.2021.06.278

Kouřimská, L. and Adámková, A., 2016. Nutritional and
sensory quality of edible insects. NFS Journal 4: 22-26.
https://doi.org/10.1016/j.nfs.2016.07.001

Krull, W., 1929. The rearing of dragonflies from eggs. Annals
of the Entomological Society of America 22: 651-658.
https://doi.org/10.1093/aesa/22.4.651

Lähteenmäki-Uutela, A., Hénault-Ethier, L., Marimuthu, S.B.,
Talibov, S., Allen, R.N., Nemane, V., Vandenberg, G.W. and
Józefiak, D., 2018. The impact of the insect regulatory sys-
tem on the insect marketing system. Journal of Insects as
Food and Feed 4: 187-198. https://doi.org/10.3920/JIFF2017
.0073

Lähteenmäki-Uutela, A., Marimuthu, S.B. andMeijer, N., 2021.
Regulations on insects as food and feed: a global com-
parison. Journal of Insects as Food and Feed 7: 849-856.
https://doi.org/10.3920/JIFF2020.0066

Lamsal, B., Wang, H., Pinsirodom, P. and Dossey, A.T., 2019.
Applications of insect-derived protein ingredients in food
and feed industry. Journal of the American Oil Chemists’
Society 96: 105-123. https://doi.org/10.1002/aocs.12180

Lee, H.J., Yong, H.I., Kim, M., Choi, Y.S. and Jo, C., 2020. Status
of meat alternatives and their potential role in the future
meat market – a review. Asian-Australasian Journal of Ani-
mal Sciences 33: 1533. https://doi.org/10.5713/ajas.20.0419

Leroy, F. and Praet, I., 2017. Animal killing and postdomes-
tic meat production. Journal of Agricultural and Envi-
ronmental Ethics 30: 67-86. https://doi.org/10.1007/s10806
-017-9654-y

Liceaga, A.M., 2022. Edible insects, a valuable protein source
from ancient to modern times. Advances in Food and
Nutrition Research 101: 129-152. https://doi.org/10.1016/bs
.afnr.2022.04.002

Locklin, J.L., Huckabee, J.S. and Gering, E.J., 2012. A method
for rearing large quantities of the damselfly, Ischnura ram-
burii (Odonata: Coenagrionidae), in the laboratory. Florida
Entomologist 95: 273-277. https://doi.org/10.1653/024.095
.0205

Lotta, F., 2019. Insects as food: the legal framework. In: Sog-
ari, G., Mora, C. and Menozzi, D. (eds.) Edible insects in
the food sector. Springer, Cham, Switzerland, pp. 105-118.
https://doi.org/10.1007/978-3-030-22522-3_8

Maathuis, F.J.M., 2009. Physiological functions of mineral
macronutrients. Current Opinion in Plant Biology 12: 250-
258. https://doi.org/10.1016/j.pbi.2009.04.003

Macadam, C.R. and Stockan, J.A., 2017. The diversity of
aquatic insects used as human food. Journal of Insects
as Food and Feed 3: 203-209. https://doi.org/10.3920
/JIFF2016.0046

Maneechan,W. and Prommi, T.O., 2021. Nutrient composition
and bioaccumulation of an edible aquatic insect, Pantala
sp. (Odonata: Libellulidae) from the rice field. BioRxiv:
474203. https://doi.org/10.1101/2021.12.26.474203

Maneechan, W., Vitheepradit, A. and Prommi, T.O., 2022.
Nutritional compositions of aquatic insects living in rice
fields, with a particular focus on odonate larvae. Insects 13:
1131. https://doi.org/10.3390/insects13121131

Maoka, T., Kawase, N., Ueda, T. and Nishida, R., 2020. Carot-
enoids of dragonflies, from the perspective of comparative
biochemical and chemical ecological studies. Biochemical
Systematics and Ecology 89: 104001. https://doi.org/10.1016
/j.bse.2020.104001

Marberg, A., van Kranenburg, H. and Korzilius, H., 2017. The
big bug: the legitimation of the edible insect sector in the
Netherlands. Food Policy 71: 111-123. https://doi.org/10.1016
/j.foodpol.2017.07.008

Mariod, A.A., 2020. The legislative status of edible insects in
the world. In: Mariod, A.A. (ed.) African edible insects
as alternative source of food, oil, protein and bioactive
components. Springer, Cham, Switzerland, pp. 141-148.
https://doi.org/10.1007/978-3-030-32952-5_9

Melgar-Lalanne, G., Hernández-Álvarez, A.J. and Salinas-
Castro, A., 2019. Edible insects processing: traditional and
innovative technologies. Comprehensive Reviews in Food
Science and Food Safety 18: 1166-1191. https://doi.org/10.1111
/1541-4337.12463

Journal of Insects as Food and Feed 0 (2024) 1–26
Downloaded from Brill.com 03/04/2024 01:11:41PM

via Open Access. This is an open access article distributed under the terms
of the CC BY 4.0 license.

https://creativecommons.org/licenses/by/4.0/

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

https://doi.org/10.1109/WPMC48795.2019.9096209
https://doi.org/10.1109/WPMC48795.2019.9096209
https://doi.org/10.1007/s11483-013-9327-y
https://doi.org/10.1007/s11483-013-9327-y
http://dx.doi.org/10.55041/IJSREM11486
https://doi.org/10.2527/af.2015-0014
https://doi.org/10.1016/j.matpr.2021.06.278
https://doi.org/10.1016/j.nfs.2016.07.001
https://doi.org/10.1093/aesa/22.4.651
https://doi.org/10.3920/JIFF2017.0073
https://doi.org/10.3920/JIFF2017.0073
https://doi.org/10.3920/JIFF2020.0066
https://doi.org/10.1002/aocs.12180
https://doi.org/10.5713/ajas.20.0419
https://doi.org/10.1007/s10806-017-9654-y
https://doi.org/10.1007/s10806-017-9654-y
https://doi.org/10.1016/bs.afnr.2022.04.002
https://doi.org/10.1016/bs.afnr.2022.04.002
https://doi.org/10.1653/024.095.0205
https://doi.org/10.1653/024.095.0205
https://doi.org/10.1007/978-3-030-22522-3_8
https://doi.org/10.1016/j.pbi.2009.04.003
https://doi.org/10.3920/JIFF2016.0046
https://doi.org/10.3920/JIFF2016.0046
https://doi.org/10.1101/2021.12.26.474203
https://doi.org/10.3390/insects13121131
https://doi.org/10.1016/j.bse.2020.104001
https://doi.org/10.1016/j.bse.2020.104001
https://doi.org/10.1016/j.foodpol.2017.07.008
https://doi.org/10.1016/j.foodpol.2017.07.008
https://doi.org/10.1007/978-3-030-32952-5_9
https://doi.org/10.1111/1541-4337.12463
https://doi.org/10.1111/1541-4337.12463
https://creativecommons.org/licenses/by/4.0/
http://mostwiedzy.pl


24 S.A. Siddiqui et al.

Mesaglio, T. and Callaghan, C.T., 2021. An overview of the his-
tory, current contributions and future outlook of iNatural-
ist in Australia. Wildlife Research 48: 289-303. https://doi
.org/10.1071/WR20154

Meyer-Rochow, V.B., 2017. Therapeutic arthropods and other,
largely terrestrial, folk-medicinally important inverte-
brates: a comparative survey and review. Journal of Eth-
nobiology and Ethnomedicine 13: 1-31. https://doi.org/10
.1186/s13002-017-0136-0

Meyer-Rochow, V.B. and Chakravorty, J., 2013. Notes on ento-
mophagy and entomotherapy generally and information
on the situation in India in particular. Applied Entomol-
ogy and Zoology 48: 105-112. https://doi.org/10.1007/s13355
-013-0171-9

Mitra, S., Chakraborty, A.J., Tareq, A.M., Emran, T.B., Nainu, F.,
Khusro, A., Idris, A.M., Khandaker, M.U., Osman, H., Alhu-
maydhi, F.A. and Simal-Gandara, J., 2022. Impact of heavy
metals on the environment and human health: novel ther-
apeutic insights to counter the toxicity. Journal of King
Saud University Science 34: 101865. https://doi.org/10.1016
/j.jksus.2022.10186

Mlcek, J., Rop, O., Borkovcova, M. and Bednářová, M., 2014. A
comprehensive look at the possibilities of edible insects as
food in Europe – a review. Polish Journal of Food andNutri-
tion Sciences 64: 147-157. https://doi.org/10.2478/v10222
-012-0099-8

Mohan, K., Ganesan, A.R., Muralisankar, T., Jayakumar, R.,
Sathishkumar, P., Uthayakumar, V., Chandirasekar, R. and
Revathi, N., 2020. Recent insights into the extraction, char-
acterization, and bioactivities of chitin and chitosan from
insects. Trends in food science and Technology 105: 17-42.
https://doi.org/10.1016/j.tifs.2020.08.016

Moruzzo, R., Mancini, S. and Guidi, A., 2021. Edible insects
and sustainable development goals. Insects 12: 557. https://
doi.org/10.3390/insects12060557

Mozhui, L., Kakati, L.N. and Meyer-Rochow, V.B., 2021. Ento-
motherapy: a study of medicinal insects of seven ethnic
groups in Nagaland, North-East India. Journal of Ethnobi-
ology and Ethnomedicine 17: 1-22. https://doi.org/10.1186
/s13002-021-00444-1

Mozhui, L., Kakati, L.N., Kiewhuo, P. and Changkija, S., 2020.
Traditional knowledge of the utilization of edible insects
in Nagaland, North-East India. Foods 9: 852. https://doi.org
/10.3390/foods9070852

Mutlu, O., Ulak, G., Kokturk, S., Celikyurt, I.K., Akar, F. and
Erden, F., 2015. Effects of homeopathic Anax imperator on
behavioural and pain models in mice. Homeopathy 104:
15-23. https://doi.org/10.1016/j.homp.2014.05.002

Mutlu, O., Ulak, G., Kokturk, S., Celikyurt, I.K., Tanyeri, P., Akar,
F. and Erden, F., 2016. Effects of a dragonfly (Anax imper-
ator) homeopathic remedy on learning, memory and cell

morphology in mice. Homeopathy 105: 96-101. http://dx
.doi.org/10.1016/j.homp.2015.07.004

Narzari, S. and Sarmah, J., 2017. Nutritional aspects of an
aquatic edible insect Sympetrum sp. (Odonata: Libelluli-
dae) of Assam, northeast India. International Journal of
Food Sciences and Nutrition 2: 38-42.

Nasirian, H. and Irvine, K.N., 2017. Odonata larvae as a
bioindicator of metal contaminationin aquatic environ-
ments: application to ecologically important wetlands in
Iran. Environmental Monitoring and Assessment 189: 436.
https://doi.org/10.1007/s10661-017-6145-6

Niassy, S., Omuse, E.R., Roos, N., Halloran, A., Eilenberg, J.,
Egonyu, J.P., Tanga, C., Meutchieye, F., Mwangi, R., Subra-
manian, S., Musundire, R., Nkunika, P.O.Y., Anankware, J.P.,
Kinyuru, J., Yusuf, A. and Ekesi, S., 2022. Safety, regulatory
and environmental issues related to breeding and interna-
tional trade of edible insects in Africa. Revue Scientifique
et Technique (International Office of Epizootics) 41: 117-
131. https://doi.org/10.20506/rst.41.1.3309

Niyonsaba, H.H., Hohler, J., Kooistra, J., Van der Fels-Klerx, H.J.
and Meuwissen, M.P.M., 2021. Profitability of insect farms.
Journal of Insects for Food and Feed 7: 923-934. https://doi
.org/10.3920/JIFF2020.0087

Okude, G., Futahashi, R., Tanahashi, M. and Fukatsu, T.,
2017. Laboratory rearing system for Ischnura senegalensis
(Insecta: Odonata) enables detailed description of larval
development and morphogenesis in dragonfly. Zoological
Science 34: 386-397. https://doi.org/10.2108/zs170051

Ordoñez-Araque, R., Quishpillo-Miranda, N. and Ramos-
Guerrero, L., 2022. Edible insects for humans and animals:
nutritional composition and an option for mitigating envi-
ronmental damage. Insects 13: 944. https://doi.org/10.3390
/insects13100944

Ouango, M., Romba, R., Drabo, S.F., Ouedraogo, N. and
Gnankiné, O., 2022. Indigenous knowledge system asso-
ciated with the uses of insects for therapeutic or medicinal
purposes in two main provinces of Burkina Faso, West
Africa. Journal of Ethnobiology and Ethnomedicine 18: 1-
18. https://doi.org/10.1186/s13002-022-00547-3

Piersanti, S., Rebora, M., Salerno, G., Cordero-Rivera, A. and
Frati, F., 2015. A method for rearing a large number of
damselflies (Ischnura elegans, Coenagrionide) in the lab-
oratory. International Journal of Odonatology 18: 125-136.
https://doi.org/10.1080/13887890.2015.1015179

Preteseille, N., Deguerry, A., Reverberi, M. and Weigel, T.,
2018. Insects in Thailand: national leadership and regional
development, from standards to regulations through asso-
ciation. In: Halloran, A., Flore, R., Vantomme, P. and
Roos, N. (eds.) Edible insects in sustainable food systems.
Springer, Cham, Switzerland, pp. 435-442. https://doi.org
/10.1007/978-3-319-74011-9_27

Journal of Insects as Food and Feed 0 (2024) 1–26
Downloaded from Brill.com 03/04/2024 01:11:41PM

via Open Access. This is an open access article distributed under the terms
of the CC BY 4.0 license.

https://creativecommons.org/licenses/by/4.0/

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

https://doi.org/10.1071/WR20154
https://doi.org/10.1071/WR20154
https://doi.org/10.1186/s13002-017-0136-0
https://doi.org/10.1186/s13002-017-0136-0
https://doi.org/10.1007/s13355-013-0171-9
https://doi.org/10.1007/s13355-013-0171-9
https://doi.org/10.1016/j.jksus.2022.10186
https://doi.org/10.1016/j.jksus.2022.10186
https://doi.org/10.2478/v10222-012-0099-8
https://doi.org/10.2478/v10222-012-0099-8
https://doi.org/10.1016/j.tifs.2020.08.016
https://doi.org/10.3390/insects12060557
https://doi.org/10.3390/insects12060557
https://doi.org/10.1186/s13002-021-00444-1
https://doi.org/10.1186/s13002-021-00444-1
https://doi.org/10.3390/foods9070852
https://doi.org/10.3390/foods9070852
https://doi.org/10.1016/j.homp.2014.05.002
http://dx.doi.org/10.1016/j.homp.2015.07.004
http://dx.doi.org/10.1016/j.homp.2015.07.004
https://doi.org/10.1007/s10661-017-6145-6
https://doi.org/10.20506/rst.41.1.3309
https://doi.org/10.3920/JIFF2020.0087
https://doi.org/10.3920/JIFF2020.0087
https://doi.org/10.2108/zs170051
https://doi.org/10.3390/insects13100944
https://doi.org/10.3390/insects13100944
https://doi.org/10.1186/s13002-022-00547-3
https://doi.org/10.1080/13887890.2015.1015179
https://doi.org/10.1007/978-3-319-74011-9_27
https://doi.org/10.1007/978-3-319-74011-9_27
https://creativecommons.org/licenses/by/4.0/
http://mostwiedzy.pl


Edible dragonflies and damselflies 25

Raheem, D., Carrascosa, C., Oluwole, O.B., Nieuwland, M.,
Saraiva, A., Millán, R. and Raposo, A., 2019. Traditional con-
sumption of and rearing edible insects in Africa, Asia and
Europe. Critical Reviews in Food Science and Nutrition 59:
2169-2188. https://doi.org/10.1080/10408398.2018.1440191

Rempel, J., Grover, K. and El-Matary, W., 2021. Micronutri-
ent deficiencies and anemia in children with inflammatory
bowel disease. Nutrients 13: 236. https://doi.org/10.3390
/nu13010236

Rumpold, B.A. and Schlüter, O.K., 2013. Nutritional composi-
tion and safety aspects of edible insects. Molecular Nutri-
tion and Food Research 57: 802-823. https://doi.org/10
.1002/mnfr.201200735

Schrögel, P. and Wätjen, W., 2019. Insects for food and feed-
safety aspects related to mycotoxins and metals. Foods 8:
288. https://doi.org/10.3390/foods8080288

Shakoor, A., Xu, Y., Wang, Q., Chen, N., He, F., Zuo, H., Hanxun,
Y., Xiaoyuan, Y., Youhua, M. and Shuyun, Y., 2018. Effects
of fertilizer application schemes and soil environmental
factors on nitrous oxide emission fluxes in a rice-wheat
cropping system, east China. PLOS ONE 13: e0202016.
https://doi.org/10.1371/journal.pone.0202016

Shantibala, T., Lokeshwari, R.K. and Debaraj, H., 2014. Nutri-
tional and antinutritional composition of the five species
of aquatic edible insects consumed inManipur, India. Jour-
nal of Insect Science 14: 1-10. https://doi.org/10.1093/jis/14
.1.14

Siddiqui, S.A., Li, C., Aidoo, O.F., Fernando, I., Haddad, M.A.,
Pereira, J.A.M., Blinov, A., Golik, A. and Câmara, J.S.,
2023. Unravelling the potential of insects for medicinal
purposes – a comprehensive review. Heliyon 9: e15938.
https://doi.org/10.1016/j.heliyon.2023.e15938

Skotnicka, M., Karwowska, K., Kłobukowski, F., Borkowska,
A. and Pieszko, M., 2021. Possibilities of the development
of edible insect-based foods in Europe. Foods 10: 766.
https://doi.org/10.3390/foods10040766

Solano, F., 2020. Metabolism and functions of amino acidsin
the skin. In: Wu, G. (ed.) Amino acids in nutrition and
health. Springer, Cham, Switzerland, pp. 187-199.

Stull, V. and Patz, J., 2020. Research and policy priori-
ties for edible insects. Sustainability Science 15: 633-645.
https://doi.org/10.1007/s11625-019-00709-5

Stull, V.J., Wamulume, M., Mwalukanga, M.I., Banda, A.,
Bergmans, R.S. and Bell, M.M., 2018. “We like insects here”:
entomophagy and society in a Zambian village. Agricul-
ture and Human Values 35: 867-883. https://doi.org/10
.1007/s10460-018-9878-0

Tan, H.S.G., Fischer, A.R., Tinchan, P., Stieger, M., Steen-
bekkers, L.P.A. and van Trijp, H.C., 2015. Insects as food:
exploring cultural exposure and individual experience as

determinants of acceptance. Food Quality and Preference
42: 78-89. https://doi.org/10.1016/j.foodqual.2015.01.013

Tanga, C.M., Egonyu, J.P., Beesigamukama, D., Niassy, S.,
Emily, K., Magara, H.J.O., Omuse, E.R., Subramanian, S. and
Ekesi, S., 2021. Edible insect farming as an emerging and
profitable enterprise in East Africa. Current Opinion in
Insect Science 48: 64-71. https://doi.org/10.1016/j.cois.2021
.09.007

Tennessen, K., 2019. Dragonfly nymphs of North America.
Springer, Cham, Switzerland. https://doi.org/10.1007/978-3
-319-97776-8

Today Online, 2019. Malaysian start-up offering artisanal
roasted crickets as delicious healthy snacks. Todayonline.
Available at: https://www.todayonline.com
/world/malaysian-start-offering-artisanal-roasted-crickets
-delicious-healthy-snacks

Unger, S., Rollins, M., Tietz, A. and Dumais, H., 2021. iNatu-
ralist as an engaging tool for identifying organisms in out-
door activities. Journal of Biological Education 55: 537-547.
https://doi.org/10.1080/00219266.2020.1739114

United Nations, 2022a. World population prospects 2022:
summary of results. Department of Economic and Social
Affairs, Population Division., New York, NY, USA. Available
at: https://www.un.org/development/desa/pd/sites/www
.un.org.development.desa.pd/files/wpp2022_summary_of
_results.pdf

United Nations, 2022b. World population to reach 8 bil-
lion this year, as growth rate slows. UN, New York, NY,
USA. Available at: https://news.un.org/en/story/2022/07
/1122272

Usman, H.S. and Yusuf, A.A., 2021. Legislation and legal frame
work for sustainable edible insects use in Nigeria. Inter-
national Journal of Tropical Insect Science 41: 2201-2209.
https://doi.org/10.1007/s42690-020-00291-9

Van Huis, A., 2021. Prospects of insects as food and feed.
Organic Agriculture 11: 301-308. https://doi.org/10.1007
/s13165-020-00290-7.

Van Huis, A., Van Itterbeeck, J., Klunder, H., Mertens, E., Hal-
loran, A., Muir, G. and Vantomme, P., 2013. Edible insects:
future prospects for food and feed security. Food and agri-
culture organization of the United Nations, FAO, Rome,
Italy. Available at: https://www.fao.org/3/i3253e/i3253e
.pdf

Vauterin, A., Steiner, B., Sillman, J. and Kahiluoto, H., 2021. The
potential of insect protein to reduce food-based carbon
footprints in Europe: the case of broiler meat production.
Journal of Cleaner Production 320: 128799. https://doi.org
/10.1016/j.jclepro.2021.128799

Verheyen, G.R., Pieters, L., Maregesi, S. and VanMiert, S., 2021.
Insects as diet and therapy: perspectives on their use for

Journal of Insects as Food and Feed 0 (2024) 1–26
Downloaded from Brill.com 03/04/2024 01:11:41PM

via Open Access. This is an open access article distributed under the terms
of the CC BY 4.0 license.

https://creativecommons.org/licenses/by/4.0/

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

https://doi.org/10.1080/10408398.2018.1440191
https://doi.org/10.3390/nu13010236
https://doi.org/10.3390/nu13010236
https://doi.org/10.1002/mnfr.201200735
https://doi.org/10.1002/mnfr.201200735
https://doi.org/10.3390/foods8080288
https://doi.org/10.1371/journal.pone.0202016
https://doi.org/10.1093/jis/14.1.14
https://doi.org/10.1093/jis/14.1.14
https://doi.org/10.1016/j.heliyon.2023.e15938
https://doi.org/10.3390/foods10040766
https://doi.org/10.1007/s11625-019-00709-5
https://doi.org/10.1007/s10460-018-9878-0
https://doi.org/10.1007/s10460-018-9878-0
https://doi.org/10.1016/j.foodqual.2015.01.013
https://doi.org/10.1016/j.cois.2021.09.007
https://doi.org/10.1016/j.cois.2021.09.007
https://doi.org/10.1007/978-3-319-97776-8
https://doi.org/10.1007/978-3-319-97776-8
https://www.todayonline.com/world/malaysian-start-offering-artisanal-roasted-crickets-delicious-healthy-snacks
https://www.todayonline.com/world/malaysian-start-offering-artisanal-roasted-crickets-delicious-healthy-snacks
https://www.todayonline.com/world/malaysian-start-offering-artisanal-roasted-crickets-delicious-healthy-snacks
https://doi.org/10.1080/00219266.2020.1739114
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/wpp2022_summary_of_results.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/wpp2022_summary_of_results.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/wpp2022_summary_of_results.pdf
https://news.un.org/en/story/2022/07/1122272
https://news.un.org/en/story/2022/07/1122272
https://doi.org/10.1007/s42690-020-00291-9
https://doi.org/10.1007/s13165-020-00290-7
https://doi.org/10.1007/s13165-020-00290-7
https://www.fao.org/3/i3253e/i3253e.pdf
https://www.fao.org/3/i3253e/i3253e.pdf
https://doi.org/10.1016/j.jclepro.2021.128799
https://doi.org/10.1016/j.jclepro.2021.128799
https://creativecommons.org/licenses/by/4.0/
http://mostwiedzy.pl


26 S.A. Siddiqui et al.

combating diabetes mellitus in Tanzania. Pharmaceuticals
14: 1273. https://doi.org/10.3390/ph14121273

Wanapat, M., Cherdthong, A., Phesatcha, K. and Kang, S.,
2015. Dietary sources and their effects on animal produc-
tion and environmental sustainability. Animal Nutrition 1:
96-103. https://doi.org/10.1016/j.aninu.2015.07.004

Wegenast, T. and Beck, J., 2020. Mining, rural livelihoods
and food security: a disaggregated analysis of sub-Saharan
Africa. World Development 130: 104921. https://doi.org/10
.1016/j.worlddev.2020.104921

Weyh, C., Krüger, K., Peeling, P. and Castell, L., 2022. The role
of minerals in the optimal functioning of the immune sys-
tem. Nutrients 14: 644. https://doi.org/10.3390
/nu14030644

Williams, D.D., Williams, S.S. and Van Huis, A., 2021. Can we
farm aquatic insects for human food or livestock feed?
Journal of Insects as Food and Feed 7: 121-127. https://doi
.org/10.3920/JIFF2021.x002

Wilson, J.S., Pan, A.D., General, D.E.M. and Koch, J.B., 2020.
More eyes on the prize: an observation of a very rare,
threatened species of Philippine bumble bee, Bombus
irisanensis, on iNaturalist and the importance of citizen
science in conservation biology. Journal of Insect Con-
servation 24: 727-729. https://doi.org/10.1007/s10841-020
-00233-3

Womeni, H.M., Linder, M., Tiencheu, B., Mbiapo, F.T., Vil-
leneuve, P., Fanni, J. and Parmentier, M., 2009. Oils of
insects and larvae consumed in Africa: potential sources of
polyunsaturated fatty acids. OCL 16: 230-235. https://doi
.org/10.1051/ocl.2009.0279

Yang, Y. and Cooke, C., 2021. Exploring the barriers to upscal-
ing the production capacity of the edible insect sector in
the United Kingdom. British Food Journal 123: 1531-1545.
https://doi.org/10.1108/BFJ-04-2020-0310

Zainol, N.A., Kormin, F., Zainol Abidin, N.A., Mohamed Anuar,
N.A.F. and Abu Bakar, M.F., 2020. The potential of insects
as alternative sources of chitin: an overview on the chem-
ical method of extraction from various sources. Interna-
tional Journal of Molecular Sciences 21: 4978. https://doi
.org/10.3390/ijms21144978

Zhao, M., Wang, C.Y., Sun, L., He, Z., Yang, P.L., Liao, H.J.
and Feng, Y., 2021. Edible aquatic insects: diversities, nutri-
tion, and safety. Foods 10: 3033. https://doi.org/10.3390
/foods10123033

Zhou, Y., Wang, D., Zhou, S., Duan, H., Guo, J. and Yan, W.,
2022. Nutritional composition, health benefits, and appli-
cation value of edible insects: a review. Foods 11: 3961.
https://doi.org/10.3390/foods11243961

Zielińska, E., Baraniak, B., Karaś, M., Rybczyńska, K. and
Jakubczyk, A., 2015. Selected species of edible insects as
a source of nutrient composition. Food Research Inter-
national 77: 460-466. https://doi.org/10.1016/j.foodres.2015
.09.008

Żuk-Gołaszewska, K., Gałęcki, R., Obremski, K., Smetana, S.,
Figiel, S. and Gołaszewski, J., 2022. Edible insect farm-
ing in the context of the EU regulations and market-
ing – an overview. Insects 13: 446. https://doi.org/10.3390
/insects13050446

Journal of Insects as Food and Feed 0 (2024) 1–26
Downloaded from Brill.com 03/04/2024 01:11:41PM

via Open Access. This is an open access article distributed under the terms
of the CC BY 4.0 license.

https://creativecommons.org/licenses/by/4.0/

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

https://doi.org/10.3390/ph14121273
https://doi.org/10.1016/j.aninu.2015.07.004
https://doi.org/10.1016/j.worlddev.2020.104921
https://doi.org/10.1016/j.worlddev.2020.104921
https://doi.org/10.3390/nu14030644
https://doi.org/10.3390/nu14030644
https://doi.org/10.3920/JIFF2021.x002
https://doi.org/10.3920/JIFF2021.x002
https://doi.org/10.1007/s10841-020-00233-3
https://doi.org/10.1007/s10841-020-00233-3
https://doi.org/10.1051/ocl.2009.0279
https://doi.org/10.1051/ocl.2009.0279
https://doi.org/10.1108/BFJ-04-2020-0310
https://doi.org/10.3390/ijms21144978
https://doi.org/10.3390/ijms21144978
https://doi.org/10.3390/foods10123033
https://doi.org/10.3390/foods10123033
https://doi.org/10.3390/foods11243961
https://doi.org/10.1016/j.foodres.2015.09.008
https://doi.org/10.1016/j.foodres.2015.09.008
https://doi.org/10.3390/insects13050446
https://doi.org/10.3390/insects13050446
https://creativecommons.org/licenses/by/4.0/
http://mostwiedzy.pl

