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Abstract

Several insect species including termites, honey bees, American cockroach, grasshoppers, stink bugs, aquatic bugs, silkworms and mopane
caterpillars are popularly consumed by indigenous and tribal communities in South America, sub-Saharan Africa, South-east Asia and the
Pacific. Different life stages of the insects were found effective in therapeutic treatment against health disorders and life-threatening dis-
eases. In entomophagy (process of insect eating), allergy, content of anti-nutrients, contamination of micro-organisms, chemicals and
biochemical compounds, and parasitic infection are major constraints for wide adoption of entomophagy. An urgent attention of policy-
makers, people’s organizations and researchers is therefore needed. This review is focused on worldwide utilization of selected edible
insects for therapeutic treatment wherever modern medical facilities are not readily available or indigenous people prefer traditional healers.
Certain practical safety measures against anticipated health risk are also elaborated.
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1. Introduction

Nutritious food is essential to maintain healthy life. Apart from
plant-based and animal products, over two thousand edible insects
have been reported as food [1]. They are valued as nutritious food
to support family livelihood and traditional medicine for nearly two
billion people in about 100 countries of the world particularly in-
digenous communities in the Sub-Saharan Africa, South America,
South-East Asia and the Pacific [2]. In these regions, the insect
availability and consumers’ preference vary considerably [3]. Hav-
ing easy access to insect collection from the nature/wild round the
year, edible insects are consumed for traditional cure/treatment of
human diseases/ailments including certain physiological disorders
[4]. This is a valid contribution of entomophagy (process of insect
eating) to human welfare as nearly 70% of the populations in eco-
nomically poor countries rely on traditional medicine for meeting
their basic health care needs [5]. This information is available in the
country reports and national or regional journals which are not eas-
ily accessible to research and extension workers. This review is the
first attempt to collate scattered information on traditional medi-
cine, to assess impact of scientific basis and to discuss how the local
therapies using edible insects can improve human health in the de-
veloping and less developed countries.

2. Potential of entomophagy in traditional
healthcare

In ancient times, humans ate insects to keep themselves healthy be-
cause edible insects were a natural source of protein, unsaturated fat
and bioactive substances (carbohydrates, minerals and vitamins).

This means entomophagy is associated with cultural values, reli-
gious beliefs and traditional knowledge which could facilitate the
understanding and improvement of prevailing health system. [4],
[6], [7]- This is relevant to remote areas and forest surrounding ar-
eas where the tribal communities visit local traditional healers in-
stead of medical practitioner because of cheaper service, easy ac-
cess and strong belief in social custom of entomophagy. For exam-
ple, people in Meghalaya state in India prefer insect-based treat-
ment compared to those of mammalian origin [8]. Of course, the
ethnic composition in each country is complex comprising of sev-
eral ethnic groups that may have specific preference for edible in-
sects. Examples of insects consumed as traditional medicine/treat-
ment are given in Table 1.

It is certain that 30 insect species have been and are being used in
traditional/therapeutic treatment or clinical tests against human dis-
eases or disorders. Widely used insects include honey bees, grass-
hoppers, mulberry silkworm, American cockroach, mopane cater-
pillar and other lepidopteran larvae and termites. Important effects
of edible insects are antibacterial, anti-allergic, antipain and proved
helpful against muscular pain, diarrhea, fever, piles and other com-
mon disorders. Cure from pneumonia, bronchitis, cold, snake bite
etc. has also been reported. To validate entomophagy for public
health, inspection of insects for contamination, side effects of over
consumption, recognition from the authorized civil and medical au-
thorities need to be addressed appropriately.
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Table 1. Examples of entomophagy as traditional therapeutic measure against certain diseases and health disorders.

Insect species Insect stage/by-product con- | Disease/disorder cued | Country Reference
sumed
Aeshma mixta Latreille Whole body eaten after pro- Urinary disorder India [9]
cessing
Aglossa dimidiate How. Insect tea Swelling, diarrhea China [10]
Apis cerana indica Fb., Apis mel- Powder of roasted insects Cough, snake bite India [11]
lifera L. mixed with honey
Eggs Back pain, chest pain, India [12]
chest infection
Larvae Bad vision India [12]
Aspongopus chinensis Dallas Whole body processed Gastric cancer, impo- China [10]
tency
Blaps rynchoptera Fairmaire Alcohol-soaked larvae Infantile high fever, China [10]
swelling
Blatta orientalis (L.) Baked oothecae, fried whole Liver cancer, swine China [10]
body flu, swelling, sore
throat, cirrhosis
Bombyx mori L. Extract of cocoon Diarrhea India [9]
Boiled larvae Apoplexy, bronchitis, India [13]
pneumonia, convul-
sions, hemorrhage, fre-
quent urination
Caterpillar ® Fried/roasted larvae Elephantiasis of arms DRC [14]
Cimex rotundus Sign. Adults consumed with Piles India [15]
banana
Eggs, fried adults Small pox, dysentery, India [9]
chicken pox
Eumenes petiolate (F.) Smith Eggs, larvae Headache, skin burn India [9]
Grasshopper * Roasted adults Headache DRC [14]
Helicoverpa armigera (Hb.) Powder of dried larvae as Asthma, eosinophila, India [16]
tonic fever, nervous break-
down
Hieroglyphus banian Fb. Roasted nymphs and adults Liver disorder India [17]
Holochlora indica Kirby Extract of adults as tonic Ulcer India [18]
Honey bee @ Brood Cold, cough, Mexico [19]
throat/lung infection,
laryngitis,
Hydrillodes morose Insect tea Swelling, diarrhea China [10]
Butler
Myrmica rubra (L.) Larvae, pupae Sexual stamina India [9]
Odontotermes formosanus Shiraki | Fried adults Ulcer, anemia, body India [12]
pain, rheumatism
Periplaneta americana L. Extract in water of roasted in- | Asthma, blood circula- | China [10]
sects tion, trauma
Fried adults bed wetting, saliva India [15]
dropping
Ash with honey Urinary obstruction, India [20]
dysponea, uterine colic
Pieris brassicae L., Pieris napi Larvae Lymphomia, India [13]
(L)
Polistes sp. Honey comb Cancer, swelling China [10]
Polyrhachis vicina Roger Dried adults Swelling, hepatitis China [10]
Praying mantis ? Adults Epilepsy DRC [14]
Red ant ® Adults Bronchitis DRC [14]
Samia ricini Donovan Pupae, cocoon, ash Liver protection India [9]
Schistocerca gregaria Forskal Oil extracted from whole Lip cracking India [9]
body
Sphenarium purpurescens Char- Fried adults (Chapuline) Liver ailment, kidney Mexico [19]
pentier diseases, intestinal dis-
order
Spilosoma obliqua Walker Eggs Dog bite India [18]
Stomphosistis thraustica Powder of larvae consumed Common fever India [13]
Meyrick with herbs
Termites 2 Fried adults Ulcers, rheumatic dis- India [7]
eases, anemia
Hemorrhage DRC [14]
Vespa orientalis L. Eqggs, larvae, adults India [9]
Stomachache, cough,
cold
Vespa spp. Honey comb Cancer, swelling China [10]
Wasp ? Adults, brood Body strength DRC [14]

DRC = Democratic Republic of the Congo (Formerly Zaire).

@ Insect species not specified.
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3. Impact of entomophagy on human health

Chitin and chitosans are employed as immune-adjuvants and non-
allergic drug carriers [21]. Moreover, they have lipid binding func-
tion in human gastro-intestinal track and thus reduce intestinal lipid
absorption [22]. They lower plasma cholesterol and triglycerides
and improve the HDL/total cholesterol ratio [23]. Silk fiber mats of
the weaver ant, spiders and mulberry silkworm are good drug load-
ers [24]. Oil extracted from adults of termite, Macrotermes belli-
cosus (Smeathman), mopane caterpillar, Gonimbrasia belina West-
wood, coconut rhinoceros beetle, Oryctes rhinoceros (L.) grub and
African palm weevil, Rhynchophorus phoenicis (Fb.) grub contain
low level of cholesterol and fatty acids but high level of unsaturated
fatty acids. Silkworm pupae rich in selenium play an important role
in cancer prevention since amino acid content and intracellular re-
active oxygen in human hepatoma cells act as carcinostatic agent
by inducing apoptosis [25]. Dead larvae and pupae of mulberry silk-
worm, Bombyx mori (L.) containing high amount of carbohydrates
and low fat can be used as nutrition medium for development of
fungus, Cordyceps militaris (L.) to produce anti-cancer cordycepin
(0.25-2.0 um) that can inhibit the migration of A549 cells [26].
Also, pupae appear to be the potential functional food to protect
against alzheimer’s disease [27]. Another fungus, Beauveria bassi-
ana (Bals-Criv.) Vuill. growing on silkworm larvae could be used
in South Korea to treat heart stroke [28]. Nuclear polyhedrosis virus
(NPV) infecting mulberry silkworms was employed by Kaono-
Okuda et al. [29] as an expression factor of the cDNA encoding
human growth hormone.

Chen et al. [30] reported suitability of mulberry silkworm pupae for
the expression of heterologous protein as a bioreactor (human gran-
ulocyte-macrophage colony-stimulating factor) because pupae
could be inoculated with recombinant baculovirus for the expres-
sion of protein. The enzyme serrapeptase isolated from bacterium
Serratia sp. located in the intestine of silkworm is an immunologi-
cally active enzyme. It digests only non-living tissues allowing the
old toxic layers to dissolve. It helps to keep arterial deposits from
building up after heart surgery [31]. More clinical information on
these studies that support these findings would be useful.

Crude extract of the mulberry silkworm was effectively used in car-
diac and nervous disorders as it has a significant effect on hyper-
cholesterolemia and atherosclerosis probably because of its anti-ox-
idant and hypolipidemic effects [32]. Methanol extract (1 mg/ml)
of muga silkworm, Antheraea assamensis Helfer pupae with high
content of phenolic acid (11.2 mg catechin/g) and flavonoid (5.12
mg quercetin/g) exhibits anti-oxidant and anti-genotoxic effects and
provides protection to H202 induced DNA damage [33]. The major
functional component of mulberry silkworm extract powder is al-
pha-glucosidase inhibitor which exerts blood sugar-lowering effect
and is a potential hyperglycemia inhibitor in diabetes patients [34].
Consumption of oil extracted from pupae of eri silkworm, Samia
ricini (Donovan) reduces serum cholesterol and triglycerides and
increases high-density lipoprotein in cholesterol [35]. Obviously,
these findings need further investigations to know how effective
they are and how they can be integrated in human diet Evidences
on these applications through clinical tests can confirm benefits so
that these remedies may be recommended for improving public
health.

The bioactive compounds showed potential as therapeutic agents to
provide health benefits either as preventive or curative measure. For
example, fatty acids in mealworm, Tenebrio molitor L. showed
therapeutic effect against alzheimer’s disease [36], sterols and seri-
cin from silkworm caterpillars as cure for high blood cholesterol
and cardiovascular diseases [37]. Other important impacts include
antibacterial effect of a firebug, Pyrrhocoris apterus (L.) [38], an-
tifungal effect of termites [39], skin fibroblast stimulating effect of
T. molitor larva and desert locust, Schistocerca gregaria Forsk
adult [40]. A few insect species contain flavonoids which act as

anti-oxidant, e.g. stink bug, Encosternum delegorguei Spinola adult
[41]. Japanese rhinoceros beetle, Allomyrina dichotoma (L.) grub
[42], A. assamensis pupa [33] and B. mori pupa [43]. Linolenic acid
in edible insects has anticarcinogenic and inflammatory effects
[35].

4. Major constraints of entomophagy

4.1. Barrier for ingestion

It is possible that stones, plastic pieces, metal fragments are mixed
or attached to insects and obstruct ingestion. Eating grasshoppers
and locusts without removing legs can lead to intestinal blockage
with fatal consequences [44]. Palatability of insects is adversely af-
fected by the presence of body hairs [45] because larvae with hairs
discharge toxic non-exocrine secretion from poison glands present
in hair. Their consumption results in cryptotoxicity and hemorrhage
syndrome in humans due to production of powerful fibrinolytic pro-
teinases and can cause histopathological reactions that may be life
threatening. In natural process, even though it is possible that pro-
teinaceous constituents of hairs are detoxified in the intestine, major
oral injuries can occur before ingestion. As a preventive measure,
hairs should be removed by scalding, rinsing or frying before eat-

ing.
4.2. Allergy

Allergy means adverse health effects arising from a specific im-
mune response that occurs after exposure to edible insects. It is of-
ten manifested by mild or serious reactions including dermatitis
(pruritus, swelling, erythema, pain) and in some cases, by necrosis
[44]. 1t is therefore necessary to distinguish between allergy and
toxic effects. Downs et al. [46] listed several insect allergens that
may cause allergy in humans. Allergy has been commonly reported
in persons consuming mopane caterpillars in Africa [47, 48], silk-
worm pupae in China [49, 50, 51], and grasshoppers and locusts in
India [7, 13]. Consumption of B. mori pupae (boiled, fried or pow-
dered) causes anaphylactic shock [49].

Pan-allergens and other allergens associated with edible insects can
trigger allergic reactions because of cross-infection. In supersensi-
tive persons, the allergic responses can be reduced if edible insects
are not eaten with nuts [52], shell fish or molluscs [53].

4.3. Microbial contamination

Edible insects containing microbial contaminants (bacteria, fungi,
viruses) are potential vectors of food-borne pathogens. Association
of bacteria with Oryctes monoceros Olivier grubs [54], R. phoenicis
grubs [55,] T. molitor grubs [50), and G. belina larvae [56] and as-
sociation of fungi with G. belina larvae [56] was established. There
is also a possibility of transmission of environmentally acquired hu-
man viruses (hepatitis or norovirus) from human feces or animal
manure when insects contaminated with these materials are con-
sumed [57]. In case of mycotoxins produced by Aspergillus spp.
and Penicillium spp., insects collected in the wild were often found
infected with these fungi and aflatoxin was detected in mopane cat-
erpillars sold in local markets [58].

Consumption of infected insects should invariably be avoided be-
cause their infection can enter the food chain at any step of produc-
tion, home consumption or marketing. Along with the Good labor-
atory practices (GLP), preventive measures are needed during col-
lection, transportation, handling and storage of edible insects. Pro-
cessed insects instead of fresh insects should preferably be con-
sumed.
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4.4, Parasitic infection

There is strong possibility that parasites (intestinal flukes, protozoa,
nematodes) are carried with insects and transmitted to humans [56].
For example, cockroaches harbor protozoa [59] and ants pass a
nematode, Dicrocoelium dendriticum Radolphi to humans [60].

4.5. Contamination with chemical and biochemical com-
pounds

Naturally occurring compounds may be synthesized and later accu-
mulated in the insect body. Some substances leached during pro-
cessing may get entry in insect body. Whenever chemicals are used
to protect host plants of edible insects, chemical residue is carried
into insect body [61]. Eating of poisonous beetles and caterpillars
[62] or ground cricket, Brachytrupes orientalis (Fb.) [63] resulted
in lead poisoning. Lead, cadmium, chromium and other metals can
be transferred to humans through consumption of silkworms fed on
mulberry leaves collected from soil polluted fields [64] ,[65]. Toxic
metals can also come from soil treated with synthetic fertilizers and
municipal solid waste compost [64]. The stink bugs, E. deregorguei
stored in wooden dung-smeared baskets were found contaminated
with carcinogenic aflatoxin in Zimbabwe [41]. These chemicals can
be localized in specific structures or diffused in different body or-
gans of edible insets and may be detoxified in the food chain [65].
However, overall safety precautions should be taken while consum-
ing insects to avoid unwarranted health complications.

Other toxic substances include metabolic steroids (cause of growth
retardation, edema, jaundice, liver cancer), cyanogenetic com-
pounds (cause of inhibition of enzymes) such as, succinate dehy-
drogenase and carbonic anhydrase, and certain metabolic pathways
such as, oxidative phosphorylation), nervous depressants (toxic for
brain, kidney and liver), cantharidin (cause of bladder and urethral
irritation) [44] and benzoquinones (cause of cytotoxicity [66].
Edema, jaundice and hepatic carcinoma are consequences of pro-
longed ingestion of anabolic steroids produced by edible insects
[44]. Unsaturated aldehydes and 4-methyl-3-heptanone produced
by hemipteran insects are odoriferous and distasteful. Therefore,
they are generally rejected by the consumers at the oral level [44].
Also, possibility of urinary stone formation and development of
chronic degenerative disease with excessive consumption of insects
collected in forest cannot be overlooked [67].

4.6. Content of antinutrients

Antinutrients are phytochemicals that come from host plants the in-
sects feed upon. Musundire et al. [41] reported content of saponins,
alkaloids and tannins to the extent of 53.3 mg/g, 52.3 mg/g and
0.168 mg/g, respectively, in the extract of an orthopteran, Henicus
whellani (Watson) from Zimbabwe. Larvae of B. mori collected in
Nigeria contained tannic acid (1.93%), saponins (6.88%), alkaloids
(8.55%), flavonoids (11.33%), oxalate (0.91 mg/g), phylate (72.89
mg/g) and phytin phosphorus (20.54 mg/g) [68]. In O. rhinoceros
larvae collected in Nigeria, contents of phytic acid, tannins and ox-
alates were in the order of 178 mg, 14.3 mg and 2.1 mg/100g, re-
spectively [69]. Among antinutrients, HCN (2.187-3.203 mg/kg),
oxalate (13.20-28.40 mg/kg), phylate (0.28 mg/kg), tannin (0.329-
0.430 mg/kg) were analyzed in four insects collected in Nigeria,
e.g. cricket, Gryllus lucens WIk., yam beetle, Heteroligus meles
(Billb.), palm weevil, R. phoenicis and variegated grasshopper, Zo-
nocerus variegatus (L.) [70]. High amount of phenol (268
mg/100g), tannin (2316 mg/100g), oxalate (474 mg/100g) and
phytin 109 mg in a short-horned grasshopper, Oxya hyla hyla Ser-
ville has been reported by Ghosh et al. [71]. These contents were
considered below toxic levels and therefore harmless to human
health [70], [71].

Antinutrients act in different ways in human body. For example,
phylate in phytic acid decreases the bioavailability of mineral ele-
ments. It binds Ca, Zn, Mn, Mg and Fe to form complexes that are
not digestible [69]. Tannins form insoluble complexes with protein
thereby interfere with their availability. Tannins are astringent due
to their ability to bind with proteins of saliva and mucous mem-
branes. Oxalates can bind calcium present in food and hinder its
availability [69].

Health hazards reported in indigenous populations during or after
consuming 10 insect species in seven countries are listed in Table
2. These people do not report incidents of toxic effects whether un-
noticed or neglected. In some cases, hazardous reactions are not
easily recognized because their biochemical products are identical
to agents utilized by humans, though in relatively low concentra-
tion. Thus, consumption of edible insects is considered safe [72].
However, some insects are toxic and eating them results in acute or
chronic toxicity affecting human health, viz. moths of Zygoena sp.
and Syntomis sp. [72]. caterpillars of G. belina [73] and adults of
Mylabris phalerata Pallas [74]. In any case, safety to humans
should be monitored during collection, processing, packaging and
transportation of edible insects by regular inspection for any micro-
bial contamination, toxicants and other unwarranted factors.

Table 2. Health hazards of consumption reported for ten insects

Country Common name Insect species Life stage Hazard Reference
Australia Bogong moth Agrotis infusa Boisd. Adult Arsenic [73]
Botswana Mopane worm Gonimbrasia belina Larva Fungi, mycotoxins [76]
Westwood
China Mulberry Bombyx mori L. Larva Allergens [77]
Silkworm
Wild silkworm Bombyx mandarina Larva Allergens [77]
(Moore)
Kuwait Locust Locusta sp. Nymph, adult Synthetic pesticides [78]
Nigeria African palm Rhyncophorus Larva Metals, minerals [71]
weevil phoenicis Fb.
Emperor moth Bunaea alcinoe (Stoll) Larva Bacteria, fungi [80]
African Oryctes rhinoceros (Oliv- | Larva Bacteria [79]
rhinoceros beetle | ier)
USA Yellow Tenebrio molitor (L.) Larva Allergens [81]
mealworm
Super worm Zophobas morio Fb. Larva Allergens [81]

After the studies of Blum [44], Belluco et al. [82] and van der
Spieger et al. [83] on safety of edible insects, following guidelines
can be considered for improvement in the current safety norms and
further investigations.

1) 1.Safe disposal of intestinal contents of insects and mainte-
nance of sanitary conditions in local eateries to avoid all pos-
sible sources of contamination [84] because insects serving
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as vectors or intermediate hosts for vertebrate pathogens
could be consumed and might be transmitted to humans.

2) 2. Effects of de-gutted intestine of insect on the population of
intestine microflora need further studies.

3) 3. Effects of processing on the microbiological quality are
mostly unknown.

4) Toxicological study (dose of toxins that insects excrete at in-
sect development stages at which they are consumed) and
pertinent clinical evaluation should be undertaken before in-
sects are served.

5) Possible chemical contamination through residue left in the
insects (e.g. dioxins, heavy metals, pesticides, antibiotics,
anti-nutrients) is better supervised by regular monitoring be-
fore and after shelf life.

6) Risks of all edible insect species and their life stages are not
known.

7) Specific regulatory framework for mass production of insects
and insect-based products should be documented.

8) Processing of insects to eliminate toxic substances or process
contaminants should be improved and included in food
chains.

9) Currently, labelling for local insect products is lacking in de-
veloping and less developed countries. If introduced, it will
boost not only export potential but also ensure food safety to
locals.

5. Future research and extension needs

1) Regulatory measures governing safety of unprocessed and
processed edible insects in rural and tribal areas need atten-
tion of policy makers. This aspect is currently relevant to in-
sect collection in the wild which is most vulnerable and prone
to human risk due to chemical, allergenic, microbial and
other contaminations during collection, handling and serving
of “ready to serve” dishes. Specific legislation for insect pro-
tein is lacking for effective control of health hazards in con-
ventional production and processing units in localities where
GLP can be introduced/developed for controlled systems
suitable for developing and less developed countries where
food labelling and consumers protection is not followed. A
manual of code of recommended practices including safety
evaluation methodology and standards for preventing side ef-
fects of entomophagy would certainly reduce health hazards.

2) In case of aquatic insects, degradation of water quality due to
pollution posing a serious threat. For example, insects in the
Loktak lake in Manipur state (India) are vanishing rapidly
with increasing environmental pollution [85]. Apart from
lake, insects are available in abundance in nearby paddy
fields. Locals collect insects and sell them daily in local mar-
kets. In recent years, extensive use of synthetic fertilizers and
pesticides in paddy cultivation resulted in significant reduc-
tion in natural habitat of insects and ultimately, local tribes
are losing their traditional food culture [85]. If the concerned
farmers are trained for using less toxic or environment
friendly pesticides (biopesticides, plant products, phero-
mones), the survival and augmentation of existing insects
would be possible.

3) Several aspects of transforming insect biomass into consumer
goods and delicious food recipes have been discussed in de-
tail by Sun-Waterhouse et al. [42]. Processing of edible in-
sects into conventional consumer products has potential for
socio-economic development of rural communities [86],
[87]. Therefore, insect-based foods can be promoted through
local family marketing network.

Overall, the best way for human safety is to avoid collecting insects
in the wild. Instead, insect farming in closed environment can pro-
vide insects without any disease infection and chemical residues
[61, 87]. Another way is the processing such as, frying, boiling,
roasting, drying, smoking or grilling that greatly reduces content of

anti-nutrients and increases protein solubility depending upon pH
of insect body part [88].

6. Conclusions

With increasing awareness of entomophagy for healthy life, more
research is needed to understand consequent implications of ento-
mophagy on human health particularly in areas where the under-
nourishment or malnutrition is common. The content of micronu-
trients, vitamins and protein in edible insects is generally equal to
or higher than what FAO/WHO recommended for human consump-
tion. These contents can support therapeutic treatments practiced in
tribal and other indigenous communities. Entomophagy can be of
immense help whenever getting service of medical practitioner is
not possible or people prefer traditional healer due to cultural and
religious beliefs.

Facilities of infrastructure (analysis of residue of contaminants,
training to local entrepreneurs, facilities for storing processed in-
sects etc.) should be created in tribal villages. These steps would
assure conventional insect eaters residing in the forests and neigh-
boring areas the safe and nutritious insects in the period of famine
or penury and for daily food. Allergy and microbial and chemical
contamination are major constraints to entomophagy. However,
awareness of consumption of healthy insects (collected or farmed)
can promote entomophagy in remote areas where other food
sources (grains, meat) are not accessible or costly.
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