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Abstract
In the face of rising population, food insecurisyeémerging as a global challenge. Nutritious sauofdood

are frantically being searched for. Underutilizembd candidates are being assessed for feeding ltimlg
population. In this regard, Arthropods, the largebylum fits the bill, and holds tremendous promiggéthout

harming the environment. Loaded in proteins, fatl aminerals, the “edible insects” can alleviate femgnd

malnutrition. In fact, in every country, entomopkag practiced, though mostly among the low-incogneups.

However, few hiccups lie in the path of their papidation. Their allergenic tissues and pathogenytwy traits

impose threats to human health. Further, the awersf the Western world towards the insects asod farticle

impedes their recognition as food. While some ewestns as shrimp, lobsters, crabs, and krill avenget food

articles, with high demand, the logicality of negieg insects as likely food commodities appearb®m a

psychological perception. Researchers and globgllagory bodies are encouraging further investigeti and
inclusion of the edible-grade insects to diet. Ais imovement is at the early stages and given mhpetus, it can
play significant role in quenching world hunger aredlucing the usage of lethal pesticides, thisergvihas been

woven around the objective of ‘insects as human'foo
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Introduction

As world population surges ahead, food securityobexs a gigantic challenge. Hunger and malnutrisoa
perpetual problem of poverty-stricken regions. Agritional deficiency is the root cause of numeraitber
pathologies, ensuring adequate nourishment forisathn urgent need. In this regard, arthropods céalhe edible
insects as a protein source is being mulled (Ngddadeau, Franklin, & Dunkel, 2015; Arnold van Heisal.,
2015). Some arthropods members, especially théamesns, are not only food, but are expensive atgés. Crabs,
lobsters, prawns, and shrimps are farmed and eeghéot their overwhelming demands (Hadley, 200@)e Tarine
crustacean krill Euphausia superBaoil is emerging as a pharmaceutical agent arabatiute of fish oil, owing to
its high omega-3 fatty acids, choline and antioridastaxanthin contents (Barros, Poppe, & Bondah42Maki et
al., 2009). Bee Apis sp.)-regurgitated honey, pollen and propolis argeasive dietary supplements (Al-Hariri,
2011; Patel, 2016a; Rossano et al., 2012; Silvadllan et al., 2014). Fried honey bees are deeméglieacy in
parts of China. Fig. 1A shows a beehive on a t#géculture is a popular livelihood practice. Thealgccochineal
insects Dactylopius coccysgrowing on prickly pear cacti are the sourceef dye carmine, used in wide array of
food products including yoghurts, candies, cupcakeffees (Voltolini, Pellegrini, Contatore, Bigulir& Minale,
2014). The pigment carminic acid is the sourcehefred dye. In countries like Mexico, these insactsfarmed (De
Le6n-Rodriguez, Gonzélez-Hernandez, Barba de |la,Réscalante-Minakata, & Lépez, 2006; Ramos-Eloreuy
al., 2011).

Other arthropods are not as mainstream food it¢hosigh they have been significant part of diet ssro
different cultures. Entomophagy is practiced inrdoes spanning almost all continents (Raubenhen@othman,
2013). The eggs, larvae, pupae, and adults of aeaghropods, especially edible insects, are aoeslin different
forms. Ethnic groups have been consuming them siges.

Apart from the nutritional benefits of edible adpods, especially edible insects, consumption, treye
suddenly caught the attention of food developmedtragulation bodies for other potent reasons itnianimously
agreed that edible insects can provide ecologicdl economic advantages as well. These edible mseat be a
cheaper substitute of the expensive animal pratétiean bolster the fragile food supply. Edibleents farming can
reduce the pressure from agriculture, aquacultndeaamimal husbandry, by requiring less turnoveetitand, water
or feed (Premalatha, Abbasi, Abbasi, & Abbasi, 2J0Blso, consumption the arthropod/edible inseatich are

the major agricultural pests, can lead to low usafgpesticides. These chemicals are polluting tindrenment,



105 triggering a wide array of human illnesses. Sodiesding the pests by ingesting them, appears t@ hery
106 promising solution. This new energy-efficient, siisable way of growing food is exciting but beséhwragmatic
107 issues such as pathogenic microorganisms, anftiooal factors, allergenicity, and most importgndonsumer
108 distaste. Hence, this review discusses the poisigibibnd pitfalls of ‘edible insect as future hunfieod'.

109  Arthropods/edibleinsects as dietary component across the globe

110 Literature search reveals that consuming arthropddse insects is not unique to a geographicaioreg
111 but is a pervasive practice. Almost all Native Aioan and Latin American tribes subsisted on ins@étsvarro,
112 Prado, Cardenas, Santos, & Caramelli, 2010). Kikaageople inhabiting the Mono Lake region of Galifia ate
113 kutzavi, the alkali fly Ephydra hiany pupae (Fig 1D). One variation of the preparati@s named ‘cuchaba’. The
114 Maidu people (Digger Indians) of Northern Calif@rionsumed jet-black carpenter af@ariponotuspp.). Paiute
115 Indians inhabiting California's Owens Valley congdnPandora mothCploradia pandora larvae. Mealy plum
116 aphid Hyalopterus prunirexuded honeydew was harvested by some Nativearnttibes for usage as sugar.
117 Mormon cricket Anabrus simplex a crop-destroying katydid swarm was another fibeioh for people in Midwest
118  of the USA. In countries like Thailand, and Camlagdhey relish arthropods like grasshoppers, crikants,
119 bamboo borers@mphisa fuscidentalis palm weevil larvae, and scorpions (Hanboonsalagnjanya, & Durst,
120 2013). Fig. 1E and 1F shows crickets and grasshsppe garden plants. In Bangkok, these insectssalie in
121 markets which travelers try as exotic foods. Sgdee relished by some in Vietnam. In Laos, sewdtalic groups
122 consume weaver ant eggs, bamboo worms, crickedsywasps (Barennes, Phimmasane, & Rajaonarivo, 2015)
123 India, red ants, hornets, and termites are consubyedome tribes. Red weaver a@eCophylla smaragdina
124 chutney (a condiment), known as ‘chapura’ is acdely among tribal in Central India. Fig. 1B shols ants on a
125 tree. In North East India hornetdspasp.) grubs are consumed. In Arunachal Pradedial tike Nyishi, Galo,
126 Nocte, Shingpo, Tangsa, Deori and Chakma of Arumlaéhradesh consume many insects from Coleoptera,
127 Orthoptera, Hemiptera, Hymenoptera, Lepidopteraptera, Ephemeroptera, Odonata and Mantodea orders
128 (Chakravorty, Ghosh, & Meyer-Rochow, 2011, 2013pmmon red tree dwelling weaver anDgcophylla
129 smaragdind and termites@dontotermesp.) consumed by the tribals were found to beienttdense (Chakravorty,
130 Ghosh, Megu, Jung, & Meyer-Rochow, 2016). Chapslitiee grasshopperSighenariunsp.) are relished in parts
131 of Mexico and Central America (Handley et al., 20(Hven, these fried insects are sold as snackserOnsect

132 genera to be of food importance in Mexico includeassus, nopal wormL&niifera cycladel Latebraria



133 amphipyroidesArsenura armadaand Spodopteraspp. (Ramos-Elorduy et al., 2011). Mezcal, a lthstialcoholic
134 beverage made from the maguey plakgdve americanais served with a larva of a moth tequila worrypopta
135 agavi9 (De Ledn-Rodriguez et al., 2006). A survey ofalsdn Bondo district of Kenya revealed that thepsume
136 onyoso mammon (ant), oyala (termite), ogawo (tenegaor (termite), and onjiri mammon (cricket)e$e insects
137 had good quantity of iron (18 to 1562 mg/100), Zi&d¢o 25 mg/100 g) and calcium (33 to 341 mg/1}ate often
138  deficient nutrients in this region (Christensenagt 2006). An emperor mothGfnimbrasia belina caterpillar,
139 known as the mopane worm is consumed in SouthericaAfOkezie, Kgomotso, & Letswiti, 2010). Africgralm
140 weevil (Rhychophorus phoenigisarvae are consumed by some tribes. Biochemissdys of the deffated larvae
141 revealed the composition to be of 66.3% protei®23,mg/100 g potassium and 685 mg/100 g phospl{&tamo,
142 Elemo, Makinde, & Erukainure, 2011). The Azande Mwahgbetu people of Congo relish the termites dritev
143 ants’ (Arnold van Huis, 2017). The Pangwe peopl€innea, Gabon, and Cameroon gather aquatic lafvdegon
144 flies. In Nigeria, a termite speci®dacrotermes natalensig\frican cricket,Brachytrupes membranacewsnd pallid
145 emperor motfCirina forda are popular insect foods (Agbidye, Ofuya, & Akife]e2009). In Carnia region of Italy,
146 moths of the Zygaenidae family, suchZ&agjaenaare eaten as seasonal delicacy. Among Europeantrizs, the
147 Netherlands is open to the integration of insett®od (House, 2016). Australian Aborigines traaiglly subsisted
148 on Bogong moth Agrotis infusd, larvae of cossid mothXyleutes leucomochlaand honeypot antMelophorus
149 bagoti Lubbock andCampanoyuspp.) (Warrant et al., 2016). The leafcutter &itg laevigata Atta cephalotes
150 andAtta sexdensis eaten in parts of Colombia and Brazil. Thelataetle Holotrichia parallela Motschulsky) is
151 traditionally consumed in China. On nutritional bs#s, the beetle tissue was found rich in prot@if%) and
152 minerals (Yang et al., 2014). Traditional Chinesedidine (TCM) formulations include cicada chitireé®rooks &
153 Hu, 2017). As per a study, hundreds of insect gsespanning 96 genera, 53 families and 11 ordenghw
154 encompass eggs, larvae, pupae and adults, arencedsn China, by frying, stewing, boiling and bmags (Chen,
155 Feng, & Chen, 2009). In Japanese culture, manycissee relished and even served in restaurantse $opular
156  once include hachinoko (boiled wasp larvae), séfigid silk moth pupae) and zazamushi (aquaticdntarvae),
157  semi (fried cicada) and inago (fried grasshopp€ésard, Komatsu, & lwata, 2015). Casu Marzu (puthidese), a
158 traditional Sardinian sheep milk cheese, as itsenauggests includes maggots containing live laofagheese fly
159 (Piophila case€), a part of the cheese fermentation process. Théese has been found very rich in bioactive

160  compoundg-aminobutyric acid (GABA) (Manca et al., 2015). Aos from a variety of oak trees are consumed as
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flour, after leaching the tannin part out. Somehaf acorns are inhabited by the larvae of acornvilgee@Curculio
sp.). These larvae arerich in fat and protein, twHaragers consume. Insects induce gall formatioteaves of
several plants. Leaf galls are induced in zebraw@istacia integerrim® by chalcidoid wasps (Samra, Ghanim,
Protasov, Branco, & Mendel, 2015). These galls Halldoric usage as asthma, diarrhea, psoriasigrfeliver
disorders therapeutics, among others (Uddin, Rae@thman, et al., 2012; Uddin, Rauf, Arfan, et, 012; Ullah
et al., 2014). Abundance of monoterpenes in this gdfer antimicrobial effects (Gerchman & Inbaf14; Rand,
Bar, Ben-Ari, Lewinsohn, & Inbar, 2014). Fig. 1Costs galls in oak trees. Even stink insects (Hemipteder) are
consumed. The taste of the insects varies depemdirtge biochemical composition and preparatiorcgss. The
processing ways of the edible insects for eatingpg@aes include drying, smoking, steaming, blanchingsting,
and cooking (Chen et al., 2009). The consumersritbesthe foods to vary in taste from mushy, saftctispy,
crunchy. The flavors have been described as chitkenherring-like, almond-like, potato-like eteloney, cake,
beverage flavoring, drinks among other usagess#dts have been documented. The consumption deedgects
in various forms far exceed the meager publishidatiure. The information presented here are justirascule
fraction of the edible insects in nourishing huntiaroughout the course of evolution. Books can lferred to for
further information on ethnic food habits encompagsnsects (Bodenheimer, 1951; Costa-Neto & DunReL6).
With the availability of other food sources, arthods/edible insects disappeared from the foodgulafig. 1 shows
some edible insec{®) Honey-containing beehive on a fig tree (B) Retsam mango tree bark (C) Wasp galls on
scrub oak tree (D) Alkali flies on the shore of Molake (E) Cricket on lily plant (F) Juvenile graepper on
hibiscus plants.

As nutritious food availability becomes increasindifficult, Food and Agriculture Organization (FAG
planning and suggesting the consumption of insésewak, Persijn, Rittenschober, & Charrondiere, 01
European Commission (EC) is also considering itssiased usage in food. These endorsements arertgdoe to
the high protein, micronutrients, and ‘feed coneersatio’ of the edible insects (Nowak et al., @0IThough the
wriggling caterpillars or filthy-looking adult amtbpods/edible insects do not appear as food ih dlemce, human
diet is all about learned food practices and aegliastes. These aspects have been discusseid ldetails.
Inherent risks of entomophagy

Among issues that mar the food potential of artbdspedible insects, their allergenicity and patimigjgy

risks are worth-assessing. House dust milerrhatophagoides pteronyssinusockroachesBlatella germanica
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Periplaneta americana bees, crustaceans, and moths have large repesrtdiallergens that provoke IgE-mediated
hypersensitivity in predisposed individuals (Arlj&2002; Kim & Hong, 2007; Okezie et al., 2010).dasallergy
has been a major cause of occupational health gmobBystemic allergic reactions in beekeepers ren b
documented (Ludman & Boyle, 2015). These allerderiengs to the biochemical class of serine proseésgpsin,
chymotrypsin, collagenase) (Dumez et al., 2014;h@udrora, Gaur, Pasha, & Singh, 2008; H Wan et24l01),
aspartic protease, chitinases, calycin, troponiopamyosin, arylophorin, glutathione-S-transferaaad chitin
(Arlian, 2002; Hindley et al., 2006; Jeong, Hong,Y&ng, 2006; Kim & Hong, 2007; Reese, Ayuso, & Lehr
1999). These allergens disrupt cell membranesyeléght junction proteins (occludins) between leglial cells,
induce cytokine proliferation, and provoke immurd @filtration, among an array of other immune nmigaulations
(Chapman, Wiunschmann, & Pomés, 2007; Kempkes, Bkdtte, Cevikbas, Buhl, & Steinhoff, 2014; Zhang,
Zeng, & He, 2014). Chitin, the arthropod exoskealei® known to trigger tissue inflammation by actimg the
expression of host chitinases (Da Silva, Pochaek, 1& Elias, 2010; Wang et al., 2013). Asthma, dsitis,
urticaria, sinusitis, rhinitis, otitis etc. resdiom the exposure to these allergens (Arshad, 20%6ine of the
allergens are capable of causing anaphylaxis ak (#bmed, Minhas, Namood-E-Sahar, Aftab, & Khan.1@0
Asokananthan et al., 2002; Ichikawa et al., 2008cdh, Plavec, Kanceljak, & Milkovic-Kraus, 2003hig severe
allergy is the resultant of the manipulation of fanmmcytoskeletal elements like actin which contralgophagy,
endocytosis, endosomal maturation, among otheicarifunctions (Navarro-Garcia, Sonnested, & Te010).
Scorpion and spider venoms are chymotrypsin-likénseproteases that can cause skin necrosis, huniomad
coagulation and death (Devaraja, Nagaraju, Mahaaleswamy, Girish, & Kemparaju, 2008; Louati, Zouyari
Miled, & Gargouri, 2011; Veiga et al., 2000). Thdemens arginine kinase, glyceraldehyde 3-phosphat
dehydrogenase hemocyanin were detectedviatrobrachium rosenbergi{giant freshwater prawnyvhile the
allergen hexamerinlB was detected iGryllus bimaculatus (field cricket) (Srinroch, Srisomsap,
Chokchaichamnankit, Punyarit, & Phiriyangkul, 201%rthropod body fluids also have protease inhisito
belonging top-barrel fold, knottins, and Bowman-Birk family. Kitias exist as antimicrobial proteins in plants,
some examples being thionins (Taveira et al., 20d6jensins (Ermakova et al., 2016; Tantong et 24116),
cyclotides, 2S albumin-like proteins, lipid transf@oteins (LTPs), and knottin-peptides (Nguyeraket 2015). A
conserved domain in this protein topology includeyateine-rich domairknotl, which occurs in arthropod

defensins (Gracy et al., 2008)he arthropod protease inhibitors can be of Kagatt(termite) (Ohmuraya &
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Yamamura, 2011) or Kunitz-type (spider, tick) (CtiameCalvo, Pedra, Francischetti, & Kotsyfakis, 20Liu et al.,
2015). These inhibitors are capable of blocking Anrohymotrypsin, elastase, and plasmin (Negulesal,e2015;
Hu Wan et al., 2013). Some moths and butterfliegain toxic hydrogen cyanide in their tissues,esmult of feeding
on cyanogenic plants. Burnet motizyg§aena filipendulag are one of such insects that can metabolizeagemic
glucosides linamarin and lotaustralin from the Falzee family plants (Zagrobelny & Mgller, 2011). Moch
butterfly (Danaus plexippys larvae feed on common milkweedsclepias syriacalL.), which causes the
accumulation of plant cardenolide in the buttesfli®etschenka & Agrawal, 2015). As cardenolide type of
cardiac glycoside, birds avoid devouring on thasi¢gelflies. So, if human consumes these butterftiesy are likely
to be harmful, by meddling with sodium-potassiunmps (N&/K*-ATPase) (Ogawa, Shinoda, Cornelius, &
Toyoshima, 2009).

As all organic material are susceptible to pathageantamination, the microbial analysis of thedatem is
required. Improper handling and rearing of arthdspanight increase the chance of contracting thectidns.
Several arthropods/edible insects carry pathogenises (Campos, Bandeira, & Sardi, 2015), bac{gtager et al.,
2006), protozoa (Takeo et al., 2009), fungi, anchatedes. Arthropods are vectors for a large nurobeoonotic
diseases such asalaria, Lyme disease. Also, insects are paraditizefungi, exposure to the mycotoxins of which
can be perilous for human health. The silico analysis of cockroach allergens showed the phylegen
conservation of the quintessential virus, and b&ctérulence domains such as AAA, BRLZ, BTAD, CHiB,
HALZ, HAMP, HELICc, Hrl, LRRCT, RAB, RUN, Tryp_SP®WR1, VKc, and VWC among others (Patel, 2016b).
Details on these pathogenesis-mediating protein ailsncan be obtained from SMART (Simple Modular
Architecture Research Tool) website (Ponting, SehWMilpetz, & Bork, 1999). In this regard, varioferms of
insect products were analyzed. The dried and paddfarms had higher counts of microbes than the-fiéed,
spiced and cooked ones. The dried products hatbouok, Serratia liquefaciensListeria ivanovij Mucor spp.,
Aspergillusspp.,Penicillium spp., andCryptococcus neoformar{&rabowski & Klein, 2016). Another heating step
of these products might fix the pathogenesis @kapuline consumption has been associated withgeebning
(Handley et al., 2007).

Fig. 2 presents some nutrients, allergens andnatients in arthropods. Attractive nutritional goosition
of a food commodity is not enough if they lack afety. So, the complete risk assessment of thdesdibects-

based food candidate must be carried out, befaremmending for food (Grabowski & Klein, 2016). Aset



245 inclusion of insects in food platter increases, &dlible insect food safety guide has been publigfebinson,
246 2015).

247 Current scenario and scopes of entomophagy

248 This section presents the current state of entoamgpphundergoing research efforts, and scopes ahead.
249 Mealworms, the larvae of the mealworm beefler(ebrio molitoy are some of the top suggested insects of food
250 candidature (Nowak et al., 2016). These insectsegerted to be high in protein, polyunsaturatds, fand minerals
251 (copper, sodium, potassium, iron, zinc and selehiliis Coleoptera beetle could be bred on bocajdeaocomia
252 aculeatg pulp flour (Alves, Sanjinez-Argandofa, Linzmei€ardoso, & Macedo, 2016). The larva of the coconut
253 borer Pachymerus nucleoruncould also be grown on the bocaiuva fruit ker(&ives, Sanjinez Argandoria,
254 Linzmeier, Cardoso, & Macedo, 2016). Among othesett candidates, common housdgMjusca domestiga the
255 black soldier fly Hermetia illuceny locusts Locusta migratoria, Schistocerca gregaria, OxyacspBachytylus
256 migratoriusetc.) and silkwormsBombyx moi are prominent. This standing arises from thednimass, and amino
257  acid composition (Stamer, 2015). Housefly and blsaklier fly, for their interesting nutritional cqrosition were
258  suggested promising for feline and canine foods@pZhang, Oonincx, & Hendriks, 2014).

259 Going by the published literature, the topic othaopods/edible insects as food candidate’ hasegadnhuge
260 amount of attention in the past few years. Survegsiel tests, food fests, and symposiums haveoleéchinense
261 insights. Arthropods especially some of the edibsects are consumed by billions of people worldyithostly in
262 low-income countries. The need to supplement tlosirnutrient diet has led to the inclusion of timseécts, since
263 ages. Like most habits, it has become inherent gfatheir subsistence now. Western world has actesgher
264 sources of nutrients, so entomophagy is rather toethem. Though lobsters, shrimp, crayfish, cratesralished.
265 Based on the research findings, it is agreed tbatision towards the edible insects-based foodhésresult of
266 mindset. Disgust, a psychological conditioningect$ the creepy-crawlies as edibles (Hamerman,;2@0&60zzi,
267 Sogari, Veneziani, Simoni, & Mora, 2017). Food nealgia, the tendency to decline novel or unknowrdfos a
268 common human trait (Dematté, Endrizzi, & Gaspefl4). Arthropod especially edible insects basedtoo
269 neophobia is particularly high (Caparros Megidalet2016). Females were particularly averse tow#hné insect-
270 based food (Caparros Megido et al., 2016). Thefemexd beef burgers over insect burgers (Caparregidd et al.,
271 2016). Masking the gross looks or promoting in peging name has often improved the acceptancefaddiby

272  the consumers. Incorporation of the minced insmttsready-to-eat preparations and frequent exgosuthe form
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of food fests etc. is suggested as steps to retthecespulsion (Caparros Megido et al., 2016). Aaptstudy also
reports that communicating with potential consunregarding the environmental benefits of eatindledinsects
products positively modulates their ingestion progiey (Verneau et al., 2016). Educational campaicgrs prime
people for adopting entomophagy and can help thgarcome their repulsion (Costa-Neto & Dunkel, 2016;
Hamerman, 2016). Some researchers suggest the'8anmap of the land’ for some insects, as a waynike them
appear appetizing. Usage of the terms ‘novelty $goduper foods’, ‘low carbon footprints’ might kmatalyst in
gaining public approval as well. Many of the abledrfoods of the past are expensive, popular spgdétids now,
such as truffles (Patel, 2012a), huitlacoche (P&@16c), quinoa (Maradini Filho et al., 2015), weads (Patel,
2012Db), krill oil (Tandy et al., 2009), among othelThe French are known to relish frog legs, araksrwine is
popular in several South Asian countries.

Another big hurdle in popularity of insect-baseads is their standing as culturally-inappropriaier,
Fischer, van Trijp, & Stieger, 2016). Many religgimsist on ‘kosher’, ‘halal’, ‘vegan’ (Costa-NefoDunkel, 2016;
Fischer, 2008), and these creatures do not fafldhgroups. The judgments towards the insect-bfsmts are made
based on these rules as well as conventional ehtibis (Tan et al., 2015). Beyond sensory likiaghroader
mindset is needed to accept the edible insecteak (fTan et al., 2016). A study based the reaafoGhinese and
German testers to cricket-based food was conduEtdtheir cultural habits, the Chinese testersewmyen to the
products, while the Germans were less willing yo However, it was found that adequate processfrigeinsects
encouraged their eating (Hartmann, Shi, Giusto,jegst, 2015). In a blind sample tasting encomipgs87 young
adults, insect burger received similar responggla#-based burgers (Schouteten et al., 2016).enattudy based
on cricket-based snacks reflected that the degrgeozessing influenced the willingness to consutem. The
testers preferred the flour and bits of the indxted snacks than the products mixed with otheedignts (Gmuer,
Nuessli Guth, Hartmann, & Siegrist, 2016). Basedtanfinding, the researchers suggested that tiableshments
promoting insect-based food ought to attempt toewstdnd the consumer psychology, preferences amtlilate
their preparation strategies accordingly (Gmuerakt 2016). For increasing consumer appeal, inmevat
developments of insect-based foods are suggestehted by researchers (Shelomi, 2015). In an efiposin
Milan, Italy in 2015, the attitudes of various ctrigs on insect-based foods was presented (Shekiihg). While
Angola (Africa) showcased certain insects as phthair traditional cuisine, European countriesliBelgium and

the Netherlands presented their vision of insesetaood development (Shelomi, 2016). Legislatisegporting
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them as edible and nutritious can play a big roléheir wider popularity (Van Huis & Dunkel, 2017h fact, a
survey of consumers in Kenya, regarding termiteetddeod products, received a better affirmativepoese, when
the product was recommended by officials (Alemwsedl Vedel, Pambo, & Owino, 2017). Many startupgnen
Western world such as California (USA), British @uobia (Canada), are offering edible insect-based faroducts.

Increasing number researchers are optimistic réggutthe potential of insects as a sustainable femdarce
(Sun-Waterhouse et al., 2016). The generation sédbased protein powder is predicted to be enmismtally
beneficial than convention protein-rich food produ¢Smetana, Palanisamy, Mathys, & Heinz, 2016). Fo
sustainable production of the arthropods especa&lipple insects, rearing and harvesting is crugalsta-Neto &
Dunkel, 2016). Thailand is at the forefront of famm food-grade insects, such as crickets and paksvils
(Hanboonsong et al., 2013), while countries like tetherlands are following suit. As per an artitlg 2014,
edible insect business has already swelled in2Candillion industry (Hoffman, 2014). Yet, entomolttue is a new
area, and need to be researched. Mass-rearingpastéharvest technologies need to be developed fBlam&
Schliiter, 2013). Given the low cost involved in theect farming, it can be a livelihood opporturiity people in
low-economy regions. Entomo-culturing and entomagpheven falls within the scope of 'One World - Qihealth'
(OWOH) movement (Yates-Doerr, 2015). This movementourages collaborations to mitigate global tlsreat
(Gibbs and Anderson 2009).
Relevance of entomophagy

Many of the arthropod ingestion habit started torigeof the nuisance insects or plantation pesish as the
red ants, grasshoppers, and locusts. Also, duhiadhtinter-gatherer phase of evolution, human dichaee much
choice of food, unlike now. Starved of food, theydrdeveloped the habit to supplement their food Vitally- and
seasonally-available insects. Over a long periotinoé, they acquired a taste for them. Even todan-deficient
individuals suffering from a condition ‘pica’ eatsects, among other random, non-food things (Aduaochhar,
Chachra, & Dhawan, 2014). The above fact has beemtioned to relate that in the past, before aguceland
industrialization, when food was in scanty, hunfgeced mankind to feed on diverse nutritional sesrdHowever,
with the progress of civilization ample food optded to the decline in entomophagy practice.

Like most problems in science, entomophagy is eehimea with pros and cons. While several of thee a
good sources of nutrition, especially proteinsytaee endowed with health risks too. Most of theaméhchitin and

human cytoskeleton-manipulating enzymes. May bep@rocooking techniques can deactivate the allecgeni
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proteins. Still individuals atopic to them oughtdwgoid them. People tolerant to the arthropods @ajhe edible
insects can benefit from them as a source of mrtriEntomophagy can rise in popularity, if compiaastudies on
the nutritional value of food-grade edible inseatsl other nutritious food sources, such as animatejps, are
conducted.

Otherwise, this invertebrate phylum is the mostessful and abundant in the globe, dominating saiter
and air. Learning ways to add them to food platter be a significant solution in the face of tl@d dearth'. Also,
this present 'taboo’ is judged to be more nutritiand less toxic than many of current market fooeiglete with
chemicals additives, antibiotics and hormones. &ample, synthetic food dyes prevalent in procedsed are
made from coal tar sludges. Attention deficit hymtivity disorder (ADHD) in children has been catsitly linked
to these artificial dyes in foods (Rippere, 1983).

Suggesting novel foods, based on arthropods/etibéets, might be an interesting area in food dgprakent.
Generalization does not hold true in any scienceept. Similarly, arthropods might not be entirehsuitable or
suitable for food. May be not all, but certainlytsminsects are worth incorporating into food, as/en by a myriad
studies. Their processing routes and the dosagauoued are important determinants in this regard.

Ultimately, just like personal choices of non-veg&tn, vegan or vegetarian mode of eating, the tamlopf
entomophagy depends on the consumer. When it ctonfe®d, like religion, the views are fiercely gded. The
same individuals, who relish shrimps, doling olédrge sum on these foods, can be averse at thghhoil eating
crickets. Some cultures dislike mushrooms, whileemt enjoy penicillium-fermented blue cheese. Sqp@eple
enjoy the tripe, and snouts of animals, while athsiver at the mention of it. Expecting everyboadlyeat insect-
based food is naive. But in the impoverished regiith food shortage, encouraging the farming obkdlinsects
can be life-saving, and economy-boosting. Farmint@ arthropods especially edible insects are &astheir high
fecundity, and less required space. The high twer-cate and the maximum utilization of space remtfeod-grade
edible insects rearing’ a lucrative option.

Perception of the Western World towards this dietdroice should not matter much, as they are rohda
the same constraints of food insecurity. Of coutse,entomophagous groups ought to be educateddiegahe
risks of handling allergeniferous and pathogensamaitting arthropods. To gather more epidemiologazth of the
ill-effects of arthropod consumption, additionahsys, case studies and cohort assessments oulgétdonducted.

Funding bodies are providing funds to researcthnaspect. In coming times, significant improvetriarthe usage
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of the arthropods especially edible insects asrateve nutrition source is expected to escalatehis arrangement,
everybody wins, and environmental balance can &tened.
Conclusions

‘An individual’'s perception of bizarre food is nitibus delicacy for another individual’. Edible erds
symbolize this truth. For thousands of years, mashkias derived nourishment from these critters.yTheld
enormous potential to be developed as food. Howesafety evaluations are needed. If researcheds dmple
nutritional benefits, with negligible risks, overning the feeling of ‘disgust’ will not be difficultThis review is
likely to be a groundwork for that vision.
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Table 1.

Arthropod orders Species

Coleoptera Beetle larvae and pupae

Hemiptera Giant water bugs and cicadas
Hymenoptera Ants and bees

| soptera Termites

L epidoptera Moth and butterfly larvae and pupae
Orthoptera Cricket, grasshoppers, and locusts
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The World is facing food insecurity and it requipespecting ofinderutilized nutritious foods.
Arthropods, with abundance of proteins, unsatdrédes and minerals are potent candidates.
However, the allergens, status as pathogen veatat&disgust factors’ undermine their food candideat
This review analyzes the pros, cons and scopestofrophagy.



