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Preparing for re-use
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Other recovery

Figure 1- The waste management hierarchy (Lin et al., 2013)
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Figure-2 The provinces where the waste management is carried out and also the method of waste management
(Rupani et al., 2019).

L lowwny a9 00 29505 g Dgud 50 P01 LT 13 Wilowny Cug gt A5 9 b gLl - Y IS

€ 'ON /02 "IOA / €20 48wwng / uontnN % ABojouyos | pood

A

I 0@ 6 crriv (@ (o3 [ e P [ oo (




€ "ON / 02 ‘IOA / £202 48Wwing / uonLnN % ABojouya | poo

£

359 3|7 6 errie @ L3 [ e[ Fed [ emyfe (

HKo2 g 00l diliwdS s

5 Bom 5 hed S g0 g i lmoslil ]
B CawgeS i ) sdgs > b
sk 4 .(Golestanehzadeh & Honarvar, 2021)
Copde pyp olol p baslowy Copie ;503 slasb,
5 il Jolse 8,5 5 55 5 (1 JS2) cilamy
o 0 sl Golite Wleww (gokaiBl o3l 9 cunle
5 Copde > Olpia jlosliial o oly (o) 4 dlis
g ity dlaBl byl Gua b daslewy (pl ;I edlail

edbsl -
Sy Al o5 Goebee £V 51 VN0 Jlo U s
5 bsldl) b b )3 aopd VA wead Mg
ol anilol Al 85 sl e ;o b (aailiog) i
ooy & (b Coled o (Sl bl Jud ol .l
LSadly $b g 95 ol cov gy SUjhs
o)l ISl (e a0 5 SB3)ly &5 W3S e
lony lye & Yoome aSitodlyy San 33,5 o
w85 5l 3y (e 81 S slaojlully (Sl
Aoz Sl b &5 aS )l g e
Ol pudiee Ll 1y (498 GlciwMn))
) Sl glbcdld axs p Sel (Sawdl
L Setod gl dibleie 259 o (U (adgl oSy
S b Alge gl Vee BV o slaojlull
ERTPR NS S NI PR INE S
aod > SKawMgl ¢ 9,Sue wlawbio 0jgel A9 5]
sl ) Glgce |y Wl b ag anb slalama
5 o) Shgrge g Slhgwy 9 Ol 3 (2l g J3h
et pSatz ;0 & Jb il
Gty drgi )50 (05 4 (Setdly lasilony
2ol B BS ) e pgas g Sl
bl slagindy o1k (Sogl wnsi )3 oludl cadl
oxile (Sl asliil (o) s> b Sl 5 9,50
e ol 4 g 13 Cmin > &S cunl sy 1 Ll
5 So9re SB 5 Sl slaslewy Jold blewy
O¥ligw (> b g by Jod ol @3 9 conl Sl
Ali et al.,) cus bl copie sl ol 8 > ol Ll

g 00y amd Lo jaudS ) Wloww Cupide dilawlio
Cund Sygo & olpl Sip sl Sl (Sp 0 ks
Capie o sl ppimen () JS3) s o] sal
g dlga g pilie & Caa ol I mie laslaw
PH 5 35l jasein O w5 Byl (asuie LSS
St pz> Byl | g dgbie i Jlad S Ll
S Jo d NpSe JE ey a5 dn Wb
) gt wliled il 4 (SB g (Slosd slasilony
cle dy GlEl g Wlodges Canyj b 5 Gl axge
WS 5 (9 piie (ioped 5 081y 5 il mlie
SIS 555 o0 )3 4295 3590 jloS puiite PH g Cug)
asilony jl oolawl el 5> 395 g imgh opl o &S
Gl SS& BB 8 5 pIb Clial g Sawdly ggb>
J)os sbslamy Olye cov Ve > i o
Jolis g Wgd oo adlss B clasilows b g (s o
i dnglgio) dnKigS ) Job sl
bl cpl sl o) 5 ()b Slajlyy slaS i
L o JuSis 1y plie glaslows jl dopy Yo bgas
A 30> o(Lin et al., 2013; Rupani et al., 2019)
i1 o9diee g5 byl )> dlo o (LlAe Slewy o (ygelse
bl Joyd YA Jolis plB)l cpl IS5l do 0 AL IS
Sloid lilaw Lisu 4 bype dopd FY 5 Sixo
S ool ) SB g Sloss clbsilony Ko .l
PO ol godle g9y p ST g 03 liie
9 9l o Fae o g (559LaS slasilony dulie
5 SB bl ol OMSUie Wigh o Cupde
e bgnye S 58 ladilony plas (Sloss
5 BOD" (VU fsee Js 0 (58T Wil oM e
'coD
Slss > 4 peite olewd @S5 5 PH 5
He dlge (6518 ) Sy 5 b

<YL (53¢l axins dlge (ool rsilons ol 3,1

S jl g Sl Slmjaw g ogme Sl plas 2L ST
CMSLe Sl s oS sl 5 a5 (YL liee 500
» (Linetal., 2013) 55 o sl 8l 5 oo
Cople cuws p dlowy JoB ool 5l yeadS 5l (S

! Commercial Food Waste 2 Biological Oxygen Demand

¥ Chemical Oxygen Demand



Ol pli SwS 4 00lid SIS o108 A lowwy (S y (S ) SLaiBl g (6590

SialS KoM b bl 4555 LS 51,3 550
Jolye 9 88 G 355 sl > (b 315 bon
Al (g3 i i3 33 )18 lowy e o (ool
o podds 9 Sl doid it 45 GoSilon 1y
SIS lp & s o dlge gsl> (plend
DUl oy oo (50,255 oo (3 4 oslonsy
92 2 2 45 Wgdon oxiligw b g o @8> Lleg 5 adly
b Malgd  Jase Caw) o 539l Mg Coge clls
alay 5 0392 pdy Sl (3900 b il W5 &Sy90 10
0iu le o g 3 )b dsels > il Kia P b osdiine
g0 Clpds odlatwl sy coles 3 1) il Gl
dge3 (Sixio g () 4552 3)ly Iaxe g3l )3 Spae
Kesti & Shivasharana, 2018; Siddiqua & Al)
il Sy o yosl co s (Mamun, 2020

bylys )0 1) (g peuds dlge plSotinl 5 jld b « 55y &S ol
ok gl b o jacly 'S5 003 oo S 005 S8
Joloe bwg o pS Cepw g 08 o Sl 0p00;
ORIBl Ldyss 48 g bed (pliend Dlge i Ll
Olis cod ey Lol gmd ol e
S b Gl gl jedly il al > Maging”
oMy (29,500 058 4 a9 25 e Jlosl
Oy ey 8l cups & W oy Sl
SopusB)lg Sue ladny Al )5 pudlSlg e
O Al Gla o 5 O (Sl o e calie
Credls hug e Sawdly g ,Sue o595 A5
2k 0o b pedd o] 53 45 298 0 bl el
buwg g 5 O9dice el Byegige g L yesSll
Col (See gdo0 oidplie 9)She o sle
Y Jslse 0jg il Gilgpie b ilep pudglio
el S wigm @i Bl 5 55
a5 (Su et al., 2020) LS o polie ) 43S
bog gy OlaSy Qla g apd plys 4
HO €O, sslo Vgame LSuis 5 05 Clogge
9 Ret) WP ) ded e Ly 0395 Cunj 9 CHy
LonSone @lSl oS daSiudly o5)5ee
2 pBS Oizzed Gl odd (51553550 eyl Ve

2021; Kundungal et al., 2019; Toussaint et al.,
slyess I S 50 (2019; Wong et al., 2020)
bl 5 abal gt bog pa e ad iy
Silohiz e gladilony 5 (2l Slasilony b iy
bl @glate Jand 5 Jore lalid 4 i
Aoy S Yoons (i slasilany JI Lol sljs]

2 sd s Chsu g 555 4 Wlgie JI by
o Sl Ol plpses lp Bl 55 4 oS e
5 Cuol 390500 basilowy 1 Al 50 Wy ol ple
b4 plie sbslony wins SSE J> 4 Ly
5l e (SU et al, 2020) sitws Szl sol
5 My Gly B ] asuie dasilony 4555] SSE
olitul a5 Wy by 56l Coge 4 bl
dial )3 09 SSE I dn (> b Sdly D9 0
Olg oo )5 3935 (SlAE Dlge sladllj o liren &l
2 Silebia 3529 b Sedly lgie & 3903 (Snrstng
&g 1> )38 oo 3L A ahias 31 g olesdl (g2
cel @le Gbslony » jeS Sl gy
ol el oMo 335 oo (a8 5B plesily il
polie (i) )5S ply > (I sk 4 adilony b
SboCan) e 0 (GYob Gl g M
o glalae 5 s ySl g lag )5 cutS ale e
g Sedly sl joddy ) (8551 L (pliend linie
Sty 0205 5 (Bl g 56l slanie Ll WS e
P b Cuwb o 1 06 (oolasdl 48,0 dlge pl b
Sl rolio 5 e > ol) ©Mane (pl (35 L
Khan et ) 355 &l)) olie lassloms 4650) Copio

[(al., 2021; Su et al., 2020

LSy 55 -
5 ablewy ol S 05 4 o shilen
P S Cwl s el gyaddy Dlge 5 S
23l o5 jsb 4 ol plonl j 4Bl dnwgs (slaygaS
5 &ixl Mg pledily 155 85 &5 GSlen 5 e

'Aging

€ 'ON /02 ‘IO / €202 13WwWNS / uoinN % ABojouya poo-

9 307 6 arie (g @ L3 [ e S eyfe g




€ "ON / 02 ‘IOA / £202 48Wwing / uonLnN % ABojouya | poo

A

359 3|7 6 errie @ L3 [ e[ Fed [ emyfe (

HKo2 g 00l diliwdS s

oy ey dlasl L3l el le s (al., 2013
3 olyis a4y Cul odged Gl 3: 4 |y (oL
I T & UL e U IR ST
(598 dlamdl )5 g o a8)S Jlai D eS¢ dABuS
slazdl ol bosilowy BT oyl Lol gl 5
(sungy dlasBl s @GNl S e
5 g Miwd (ediad )y quie 393 (6365 4 JI clasilons
dirlie sy JI glosilony | S8 (o)l 0p0e ook
L Y game 4 o didu, jed olde dlge does 13
B 29l g lerdon () Al Lile (S55))
)y (b (s oLl .(Skrivervik, 2020) g o0
s g s s glie WP (lsie 4 Olgie
0Pl SV gz 4 Slowy W5 bl 5 e
9 Com) p o OYgame (Sl die wile 03438
P e Bl 08 Gy ) 5y
Ll ly (298 2z 2bul 5 42l Wy laoyes;
b e 9 )5 35505 (s ool Yl ailo)
ly 0395 Camsj o)l 9 &S o odlitn] Gluls o slows
o hleie A (S8 plio b Gloj Jsb 52
et (oladl sy Nge gjledi
Jon) cdls 3 5 a8 58 505 sl sl e slossl b
ok Jole Ban 2, ks 5 1) lul o) aw e
P & dinl b lie i bads (wd Vb g (awd
OSee 3o b Wl Slpe dluder 5 (gt (65135 (5]

.(Stegmann et al., 2020) ..l

3 (2l s S8 sblowws Copae -
ECC R W) B W) Y

ly ebylpl Slg o iy g dlas8l pgrao

Gl (238 s S5 ol (g3l alpe g Cogi <l

awh alsye ziy Llg e ol olie B s S

Copde 5 136 Gpas iy wplp g il

s & Jole ol 1Sy e STl cslony

PLA" PHB ool by wiile oSy g
5 55 Cusl 013,85 535 55 PE 5 bl (PVA
5 Silop il Jold WSy ) a5
2T (63 «silop (Sfslen 4jes >l leao
Wigd oo JSE oled OV gare plye 4 Gl g ()8
5 b eonS wmSl @ ilanie sl S Jbo
259 9 Col e blas Gl WNigd e W5 e
ot bl 08U 29Sse s ol Js 4 g
0t a2 ST nlesly (Ui Sadly 055 Gl
OB s 3blie 5l ol Lo pusil)lg Se cpiz
ol S me Mes bl () Jgi2) sl o
2 3l e Sg) 8l0ad S5 xBly ge bapunslS)lg ySuo
5 ohis heg S S e
Ol 1y (b sl @l il 039 (slapan)lg S
ol lam il g 039y (lpuslElg Sun sl 03l
o P K e (Sidass wulp o ere (i

.(Kesti & Shivasharana, 2018) ,l> ¢l i

Vb Comnj g (Fm j S8l -
Loohor Slea cumen 43 5 et Pl
Ao g (aliewd Slse «sipl Gln Sl Lol Lzl
arngs sl |y s glo M (S ansls ;> 4l
P Slye p e Jasmecun) b oS slagsygli
Cogh Sl Shal G @ pliwd Gl plnies
Lice b pls Slgo (gl cp3als adsl pls slge ol 03,
39 4 ]y loanld aagr p3l b Jlo 3 B)late (s
Ol cov i o8 G bl 4 g cul 038 Ll
ety OBV porde ol 0l e OBV
iz sladise) j3 Gluiedih g |y b Jobs
5 dladl ez psle b (oondon Ao
bwl bdye aid) plo g () ord (odire
s 9 3wl sl culsy Gl Gl B )5 &S 0395
& Conl g STdom wlh e Cmlo S &
5 eslaiwl Ll eolaiwl ply wass mle I Wl e
S5l slaoly 5l (o lpds Shygn sl bsilews
Lin et ) cool o JyiS 9 (oab 45> a0 JT 5lgo oyl

€

okl W IS s L

el S2SY L T S S gy0un b |



Ol plie oS dg 00l S8 2138 gl (Lid o S j dLasBl 1 (659 50

Ololyd mlie ol Jials ass o 9 olie laslowy jun Cad e s > I8 )ll 4 lgl o g oo
Ohagn olply Dgde 925 e 4 Medyl g d9dzme mlie | dade e luin gy .l
4 a5 odged gugy |y (s dlaiBl poghe lyis dy90 bl As (gl &S e 0,5 0 dgng0 Sl

SlepSsls Jole B)b 5l 5 ouis oolaiw] S cawl L5

2oy Elgil (w5 42355 42 )38 (a9 S0 - Y Jgaa
Table 1- Microorganisms which are able to biodegrade all kinds of polymers (Kesti & Shivasharana, 2018)

No Microorganisms Type of plastic used
1 Bacillus sp. Polyurethane
2 Pseudomonas aeruginosa Rhodococcus PVC powder
3 Rhodocorrous ATCC 29672 and Nocardia steroids Degradable polyethylene
GKo911
4 Streptococcus sp., Staphylococcus sp., Micrococcus Polyethylene bags and plastic cups

sp., Moraxella sp., and Pseudomonas sp.

5 Pseudomonas sp. (P1, P2, and P3) Natural and synthetic polyethylene
6 Bacillus cereus, Bacillus megaterium, Bacillus LDPE and LLDPE
subtilis, and Brevibacillus borstelensis
7 Aspergillus flavus and Mucor rouxii NRRL 1835 Disposable plastic films
8 Aureobasidium pullulans, Rhodotorula aurantiaca, Plasticized PVC
and Kluyveromyces spp.
9 Penicillium pinophilium and Aspergillus niger Low density polyethylene (LDPE) powder
10 Fusarium sp. AF4 LDPE
Aspergillus spp. HDPE
Family w—————— Tenebrionidae - Pyralidae
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Gut microbial Bacillus spp., Staphylococcus spp., Enterobacter spp., Pseudomonas spp. and N
consortium Aspergillus spp.
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Figure 3- Some examples of insects and their gut microbial that are able to degrade polymers (Ali et al., 2021).
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(Chia et al., 2019; Van Huis et al., 2021)
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! Black Soldier Fly (Hermetia illucens)

2 House Fly (Musca domestica)
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¥ Non-Genetically Modified Organisms
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Table 2-1Insect factories and farms, their products, countries and feed sources (Skrivervik, 2020)
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;?;r;aﬁ; Specie(s) Product(s) Country Feed
Acheta crickets powder, bread Norway unknown
Aketta crickets gra?glzbghggwgsrs ted UsS USDA certified organic feed
Al lBTJZ'SngS crickets powder UsS unknown
Bugging leftover produce from other
Denmark crickets juice, whole roasted insects, Denmark  companies including apple pulp,
Denmark powder coffee grounds and Ief_tovers
from beer production
Chapul crickets protein bars, powder us unknown
Chirps Chips crickets chips us non-GMO and gluten free diet

Delibugs freeze

worms, crickets,

dried insects, peanut butter,
lollipops, granola, chocolate

grasshoppers bars, powder
Exo crickets protein bars
Hotlix ants, crickets, worms candy, snacks
Insekt KBH crickets juice
buffalo wormes,
Kreca crickets mealwormes, powder
grasshoppers, whole
insects
whole dried larvae, protein
] powder, protein isolate,
Proti-Farm buffalo worms . . .
purified oil, chitin powder,
proti-fertilizer
Sens crickets protein bars, powder

Netherlands

us
us

Denmark

Netherlands

Netherlands

England

unknown

certified-organic grain-based
diet
unknown
use mushrooms residue
developed on used coffee ground
from cafes. Unknown if this is
the only feed

unknown

vegetable streams and GMP +
certified feed

unknown
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Figure 4- processing stages of whole insect (Ojha et al., 2021b).
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= lower values
= higher values

Protein content (g/100g fesh wt)

Figure 5- Comparison of protein content of insects and beef, catfish and shrimp
larvae = larvae of locust and grasshopper; L. migratoria, Acridium melanorhodon, Ruspolia
differens. L and G adults = locust and grasshopper adults: L. migratoria, A. melanorhodon, R.
differens. T. molitor = Tenebrio molitor. B. mori = Bombyx mori. Sphenarium purpurascens
adult (chapulines—Mexico). Palmworm beetles = Rhynchophorus palmarum, Rhynchophorus
phoenicis, Callipogon barbatus

P 9 (plo )5 5 CuldgS g Ol il (g 2 (e dmmllio -0 UK
&de 5 &o 9, = 4,Y; L. migratoria Acridium melanorhodon Ruspolia
OYLS )5 sl gliio L 9 G = Flo g &lo YLuS )30 L. migratoria (A. melanorhodon R.
sidge (I .l uglize = Tenebrio molitor. B. mori = Bombyx mori. Sphenarium purpurascens
Loys )8 Swgu (S50 — pdaslis) YW, 55 = Rhynchophorus palmarum Rhynchophorus
phoenicis Callipogon barbatus

€ 'ON /02 "IOA / €20 48wwng / uontnN % ABojouyos | pood

N

9 307 6 arie (g @ L3 [ e S eyfe g




€ "ON / 02 ‘IOA / £202 48Wwing / uonLnN % ABojouya | poo

oy

359 3|7 6 errie @ L3 [ e[ Fed [ emyfe (

HKo2 g 00l diliwdS s

(Isoptera:  3%) «b,s (Hemiptera: 10%)
9 «Deptera: 2%) .. (Odonata: 3%) Sl
5 Lol Bl > Sluis Bras oy (40) 350 b
B Wl Caseme péple ol 05Y Sl
P OBNS Bpas (hpd dag Sl 3 slaedS
OSee 4B cpl bl sl 057 Sl join (28 (sly5S
|y Ol s i oSy s bl Wil Canl
P LT lgae b oy Gpas S b 4 ol
o 5 dslS e oVl Wl Gl cblic
OSgn polie (0 —JS8) 53 asbeS wisy Y gase
)5 oS CbsS ((nSgn polie b (Slyos 0pde s>
ool SleMb] pl sl 00035 duslis 650 g (Lo
Jlo 3 oo Jlo (655l 9 )ljles plejle 515
453 YO B YY 5 o5l dudy s 3 5 o Y-V
g 138 s 4 Slpds Judly )1 caa Y
ool o133 &l " Sl cuel s > STygs
Olpls ey leie (Akhtar & Isman, 2018)
Sl gy bolen oV i cullB 5 039 YL
Oledl 435 el op g pb STy Gyt 4y cuslio il
@ diy o gl S5 5 e ylpee sl
el Gglite Stz 9 (218 ) (SN Al ye igS
Soly ly (B lbeble  Suse dlge S
5] )b sevy gl 5 clles e clajls
ge B A day Cuwl (Sen S gohw e
I 0551y B el el il s 53 05l o olizl
E owelig claléy sl ul A Guelig gdaw )15 392
Glyme a8 o > o)y (St Bl e w5, 4
siy Jb » UV-B astl Gl olie 4 D ool
5 el cul (Koo Olpiis (ygly3 0yl (i Ol s
98 Oyl > 4 sy g biomelig (53 o
Stullasllles 51 ol zobs (Van Huis et al., 2021)
@ Wl o Olypiis &S w2y o L (YoYY) Jlo po
Jos (S e slaguBon il lye
(V) esk 5 sl candls it 136 ADlg5 o 5 A8
039y oD 390 (V) g wlie aisel (clavipus] umb
Sl 390 )3 03,5 lasdie 32y 39005 &) (V) 9 045
i By 3 Slpis s oo & o ol 3] b

Ol s glavdns golas -

o sipglis g Ll lesle )15 bl
Oil38l Jb 50 diljey 4A55 s 4y s 31,81 slaws oo
AYD & VN0 Jlo jd &S dgd 0 035 (podd g Cunl
5 Gl (S 1) (Sana et al., 2020) sy (&5 youles
ol 5 Comex RN 4 g b Sop o]
e ole il 4l (S e
Ol 3 &S el Oyt Sl ol (030l sl
2wl 91 BB g cunbio (y938l59) Camerr ol (1S
slods ()l 5 (Shes Glude (w4 Cond )l
b ol g pls sl Wl Bpme i U il 00 Ll
ol O)go @ g)lie 3 el Ghygn llyd 4 a2y
Y

sl lae cosl p3Y ¢ Shgs Sl 3590 5
ol 255 0y sy M ShE" s cod i g
Shibs o] ()5 & i 4 oll (lp el aals
&S slodle Chnogs (sl Cpiomad 33,5 o ol Cun
&l 10 00,5 o oolaiwl 2)l6 s e byl gy
Sly g 0390 (souw s & (S 3o 3y90 53 Ml ()]
Skrivervik, ) 556 o odliiwl cdiiwn s o 8 pas
A4 ol Cames Vo0 Jlo b g, 0 ezl (2020
<l Sla Lol g 39; a0 5 518 L 8 5l
g0yl il o Ve b b g STyes Jis
b > by slp e lyea Clypis Gyas
Kl &y ol b 3 Sl Casl 039 g, bKin 3
ol s 31 sl 53 48 3kl ¥ dgus by calise
G Ngdise Brao Wlitel 5 g 5 53550 S0yl
NN PCIRSN PR S NI PN
Veoo VA dgds diid Sl g (goe olde zis
3 392yl plpw )3 0dd Cu (Shygd ol g8
Gipog Slpds 45 Vevnnes s93 3l s o5 oS
(ol waw j e e LSS 1y jepel 4 boodds
g S (Coleoptera: 31%) b Swgw sble Sl
ld>ys0 o ayssj <ayss; (Lepidoptera: 18%)
LS oy 5 bzl glsl (Hymenoptera: 14%)
deafhoppers S (Orthoptera:  13%)
b8 Cluis g o s @luis planthoppers

! Entomophagy



Ol pli SwS 4 00lid SIS o108 A lowwy (S y (S ) SLaiBl g (6590

g 5l gz 9 owS g1l Jalye -
it ] g ghie dlga ) by i (clasilany
9 O dox )3 g Frpw (Shewg ke 9y (]
pyow b 132 51 (03U slagyjpl eSS ogill iS5
L opl J ladl; (jlodigy o (chodind .Aiiun
Wle ((Sjden 9 Seid sbjles il (oS5
lp Slge i & il 305 Gy 5 SilepSen
o35 L fga (HE Slge (el D9 g Al Cus
o2l g wan Cll Ll 4 Slg e rien 4yl
dge yide Ipj S SaS Clpds (sl gdhe Slge (i
dly Joboes JS & s olie dlge Sl 5 (i
35 3} oolitl | plie olals I byl g e
SoiiS Jaseal gl o Shygs s ) oolitol s 5
Mo (Slhes Sl jesd cpiren ol 03l LS )
B> a5 Jpame )58l [l (Span ol
byl 3 (B Gpae (ly (09,5 llad ol
305 )8 425 2)50 Camlie (Shgd i Bpae
soblyd alyis (Ojha et al., 2020; Varelas, 2019)
elxiol > Sl yel ol 45 L)l oYU dasd st
s gy ol 3 el sbl B Ll Gl e p
S 035 oo s oy b e gl
Goanl B by Wlgi e ol 9 Sl Ay (gl 2
0P S pgd dlsye 90 ploxl (it b (5)lp
B b (el g (Byen Ojgo 4 Kl oo oS ol
o yo (205 258 b 095 ) (o5 3,5 255 ploxd
0 Sl 218 Joges (sl Jb ol b sl ey
Vel oY (ol dsye Sl (Ses
395 0 5l g, ¥ 3,8 Glwl plEin jd & SMUSLke
s b el Jale o 4 & canl s loged
2 e ly g)Y (s S5y s dbul el
5 cnfss 25 e 3l ol Jbis 4 g els Sl (S
SOy Olie dediee pbml g8 SSas lap)S
b g ST 5 S 3l )Y cyal slyiee 4  Sius
s> Ojha et al., 2021a) 5,55 » ,5b o
OFey glpwl Gl U8 wcwl Sl lds e ob;
2oy o lagbyy g (SOl s L wlge
plxl (Sl 398 ()5 ST 80 9 AluSsw)
Olpis Gl oS 9 oSen gl JSide 93

ST s il i bzl 5 e Logas bl
sleel b STy gl o glye @ bWdly s
Tolae pld Shgd Cunio (sl 5 (D93 Ol 000 Sl
e e (ol g (e Gl bl Ol Bld 4 gl
sdae OLS 5 pallbl maw (b))l Aites 425 LB
@ & Slo ael Gosgl coS 5 o osn H
Cuodl Bl igd oo Mg SThod lyie 4 gl g0
bl jl (ilize slaase wlg o Slpis 5 o9
71 bslon plp 53 Caglie bangSue 16 b (o
;1 eolewwl (Van Huis et al., 2021) wgi  Jolis
2 osde Ll ) g gl sl 5 4dn cer Ol
Dh9n SBSRhy 4 42 by ord plo ©ame &)
oo jliogd (> oy 5 5 LiSaly wlgiie Shgge ()l
Jbo 5> 5,5laS g 13e plojl (515 )0 bl Cons
odsl sl b &l o, Ken g VAN HUIS lawg ¥\
W) O > GiSgn ae S gl 4 oluis )l
N ha b5 )18 dag )90 238 pole 5 (gjpliS
LXa g | Sy 4w p olus 1 i eola]
A oxl i G815 (S Gl Y 4 Sl
P e cblie a8 Sl » Nad e Cgwxe
e Gyl Gl Camliee sl ol s e yied
3y90 9 0 4B )l > Syt olie (355l x5 )3
Gravel & Doyen, 2020; ) 5,5 8 ool
hymo 5| Lol Gua &S bl j1 (Mishra, 2017
dbol &8ly » (ole Kayd 4 Clus GYaame
S Gl I8 B (S 9 Jgere slagnSon (R
Gy bl g g 4B S B Gbyese 390 2> 5 e
Slodilowy jlodlial (B 5l 5 Adl oo pie Cunjlane
ol Wlgie St ol ly ShE lisa i
W sl o ) b las g ol globlony Juine (ol
4l e gl oty 90 iy Clidos
ol 5 030 9 b 0 Shas e Sl st (95g] e
9 SRk g dpo 4 gjie Cusl oY lacyTgy i
Colier Slpde lacyByy 3 oS Bpae ly (el
Selie b glio )3 boyn ol (NS 4o
20,5 pae g GBS pas Sl able 5 S5

.(Gravel & Doyen, 2020)

€ 'ON /02 ‘IO / €202 13WwWNS / uoinN % ABojouya poo-

OA

9 307 6 arie (g @ L3 [ e S eyfe g




€ "ON / 02 ‘IOA / £202 48Wwing / uonLnN % ABojouya | poo

AR

359 3|7 6 errie @ L3 [ e[ Fed [ emyfe (

HKo2 g 00l diliwdS s

VeFP) o 3k G 3gis Al ©jgo 4 ggerne
S 1 g Sl ghe G Slewy (55 sk
Jle 5 0gd ool Glids 4l 4ly cuwdly o
A 9o Lo Glise nl & Sgbin G Gl ¥V
9 ose iou jl Slie Gluls asp £rodgds g
Dedise Jols Ol o)z S g 5 Sl e

&S ol ol 5l Sk @i 5 g0 Slidss pls
5290 (2le ladlony JS 5l 20)d 00 (gl Jas
AU lpis (e ugn oS & clex I
Sl gy 4 el 5 (65)5liS Sba)lil 2 (Slosas
Oldlas ololy (F-UJSS) cush salgs ply Shes
Mo el (YY) Jl » ol,Ken 4 Salomone
Sols Sl lapSe Jl Sts )Y pSels VUP
Slyze b2l lals (5 ) ) p 48l Ghyen
D) 352y Loy YO 5 ¥V iy 4 2p 9 (6Son
2l 5l VL (w295 JB oo & 003 YD (02 (Slyie
A3 o Ui s Cuwl gy ol i slaoacy
2 85 586 By gl sk & Clpts Cuto &
duoyd B ST Jle job aail asly plby Sygd cuosd
Olypie Mg ly 220 e laslowy S
WL YYe Jlo )0 sy 09 Cusd gd odlaiwl
oall Lo F U fye g S CulisS Codd 9 Aoy
SinliS S sjlS jlasl by b
Elleby et al., 2021; Salomone) 33,5 o yoS sluw
(etal., 2017

Frass 3¢5 aJgi -
e Bl dng amer 18y (Jb Glje
solailan il oo (g905 1y Sl (oA dlse ddg (ol
S oblie @ drg b Olpds ogsl (ygn Mb aiS oS
O Slo xan Mo > Jgere claph 4 o
g Lol Al dine) () )3 sude 3Tyl Wl
e Mg pilune Clpis ogsl (09 (e mleo
Caml oo &S Cuwl Olyiis oyl Y aa8 5 Slowy (50
ol 25 L3 oolatwl 3y90 Slal gl b Db Cupie
Glyp ) 358 Glee 4 frass lee cov slow

5 ookl b oS ail oo glysainl Hboy abie glaasl,s
zlpiwl ly W08 o aiipe banie pl Oluis
(ogSae Jue glpsl (Gl g ol gl
99 ,5ele o3l @l ol (ol b 5> Slaptas
Sa gl g oy (Ko (5551 ctigul g
Van Huis et al., 2021; ) siws oyiwd 0 YU lis

(Zielinska et al., 2018

QI Slysd oylgie 4 ol -

o YVl i cbslews o LAY Ly
O Cawd 1y yomie #8ly 10 5 Canas oyl Ladd Lol 029 o0
ol (6105 wloyw (A& dlgo Wgi > &S alae mlo
0135 yoxie 35 (e (S g (praj ol i
oo YOOA Jle jo pb STy o lojen .ol
Sillee Y&+ 5l i Jlo (93,5 5 atil Wy oy d)lle SO
ol a0 olde i ealsil b .ol 63505 dbul 1) 99
Sodlowy 5 e <) ol @ly ) bslowy i
Jgazme 4 g0l gy (glie alg a3 2 0)ly lie W)
Glpds Ghyep 3350 Jas o398l (555l 9 (Sl
ek ausS g e Cunj gy e plgs 4 S
& g ol glie gladlons Coyie frass 58 g (ly
ol Gl Sl 3 b @i gy Bgn ae g
PLgoss Sid b g oS Gjgo 4 Sl 4SS
P> S oy 4 S5 g0 @ sl dge plo b S
)Y b Sladegr 4 a8 By Jle (sl W50 03938]
5278 Shgntl lgear usSile olsis 4 0] 05 08
Ll 039 0 Migallws 9 (IS Lk bl lgize Colpd p> s
3900 1GA" 510G ooy ol o Jio j5 il 2als
oY oS Sy (oS5 Ol 4 Bl ol el
El-Hack et al., ) s ooy cund b SSg0gp 9 Ol
(2020

Srplo 9 G5,9lis S,l5k » 2yl -
P XN Tl 0 aS wed e bl Jdow g a0

YImmunoglobulin G 2 Immunoglobulin A

$BSF



Ol plie oS dg 00l S8 2138 gl (Lid o S j dLasBl 1 (659 50

World price

World production

Sheep 4

Beef and Veal 4
Pork -

Poultry

Cheese o

Skim milk powder
Whole milk powder 4
Butter 4

Wheat 4

Maize

Other coarse grains 4
Rice

Soybean A

Other Cilseeds 4
Biodiesel 4

Ethanol 4

=
0
H
==

Protein meal 4 [

Vegetable oil

Sugar4

Fish from aquaculture 4
Fish from caplure -

H_nﬁll.lllﬂmmﬂﬂﬂﬂﬂ

Fish meal 4

Ml

[:] Meat - Grains and oilseeds D Other processed products

[ oairy Biofuels

[ ] Fisn

Figure 6- Impacts on world market prices and production in the scenario. Percentage differences between scenario
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Introduction: Currently, unsegregated food waste in our country is one of the environmental
and economic problems. while in some countries, there are some precise superseded and
retributive legal rules to prevent the release of not separated household or commercial food
waste, thus, refusal these orders are accompanied by financial or social penalties.

Materials and Methods: The last 5 years literature review on the management of these kind

of wastes have been reviewed. Results: There are over 1,900 known species of edible insects.
Cockroaches, caterpillars, bees, flies, and ants are the most popular. In this article, the use of
these edible insects, which are used in some countries for human consumption, extraction of
various sources such as protein or animal feed, has been mentioned and discussed as a
solution for the use of these nonseparated food wastes containing plastics, which
consequently, could be the aim of creating a green economic cycle for returning to nature and
make economic exploitation.

Results: Totally, the use of insects as a part of natural life cycles and as food and feed,
especially in some developed and developing countries, has become one of the cost-effective
and economic solutions to adjust the problem of non-separated food waste.

Conclusion: Considering the country's economic and currency conditions, this can be an
alternative solution, and these insects can be used as a source of protein for food and feed, or
be used for biodiesels or agricultural purposes.

Keywords: Bioeconomy, Food waste, Insects, Plastic, Recycle.
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