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Abstract

Because of human population growth, longer
lifespans, and climate change, there is growing concern
around world to produce enough food and feed. Insects
are regarded as an alternative with high potential
because the production of insects demands limited
amounts of water and land, and they can add value
to low-value by-products. Insects have high levels of
crude protein, lipids and minerals. The relative amount
of protein can vary substantially, with crude protein
content ranging from 23% to 76%, depending on insect
species. Their amino acid composition is good and
protein digestibility is high. Insect to be a significant
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sustainable source as a replacement of ingredients such
as soya or fishmeal in the feeds of terrestrial livestock
or fish. This review provides an overview of nutritional
value of insect in animal feed and challenges required
to develop a sustainable, safe, and affordable insect
farming industry.

Keywords: Insect, Feed, Alternative

HE
A Qo] B2, Sl o, Zlsstel 4
wishar glof FEek Al ARE A|47hs5H 4

A
ABET FEE S USA Y- S Ak ek,

E

Department of Agricultural Biology, National Institute of Agricultural Sciences, Jeollabuk-do, 55365, Korea

Tel: 063-238-2994
Fax: 063-238-3833
E-mail: nicegano@korea.kr

Received April 14, 2022; revised May 17, 2022; accepted May 30, 2022

Agasta 4 695 (2022)



A AA FEAEY BARFS 1963dHE dA)
7HA] 879tk =04 39 & oo ®E Frisien ¢l
o} 2E5Z7R 98] 2015 39 3,400 Eof|A]
20509 49} 9,8008F Eo 7 1 58 F7Ie Aot}
(Alexandratos %, 2006; Wehberg %, 2017). ©]2}
L2 ok sa/dAlEe] | S7Ieb AAle] e
gt AR REO] et =8 F7F= o]oj A A o, 7}
= 59 Holof ozt 2 Wt H AR o= L
B o0& Holu, o] H= A& 7hsd B =
/d A S ol gt 't AR APOllA A
et a7 E A SR otk Willett 5, 2019).

T E B8 A2 AFUEREA FES T
A lom A AA B Ul A = AlRE A&
7Fsgt nlEf o] dEaado® SIS} 5= A
FofA £5-9] &8-2 150 ol mR]= gl
A3, 7159 A EeE € o Ve Yt =

B} opu|leAl 24E F=0] HolAE FHA

THSpeedy, 2003). o157} oY 25, L8|aL 7H5+
£ 2] B2 s Eee2 AAEA &
H|5}7] w7, o] FEEo] ety o= 1159 413
2}l Holo] YR = AF-Z H= Ao A-gJctal 7}
A5k 4= Qth(Biasato 5, 2016; Sealey %5, 2011).
wbA], 2F-E AT AR SR Jles)
A A o & sifieurbe A& i uheitt, ot
=9 AR =R ek A HAxE gt 2+
AL A ¢ gloy, AdiF o FHo] W
ol AJatstar Aol chal Ay} ohofet F4= JoF
25 AR 4= Q= AR s ol Tl HEE
a1 Qltk, 0] AR 2ATEA HjlE o)
s Alsl=d| 283k EX] HZ o]

Ao, chofat §7125E GulE 5 1)

A= Skst 2o ti(Van Huis %, 2017; Oonincx
5. 2012), 53], 471882 LE AES o835t
02 A 0 2 S| = 259 AR A& 7
3 =3 Ao =22 FollA STkt Akl
2 FEu7 9)th(Meneguz =, 2018).

A7 o] Fo| THE FEARE A
gk Addo] o] FojH =, L T 74T FOE of
w27k g ol 5ol (Hermetia  illucens)®t X7 4]
2| (Tenebrio molitor), J32](Musca domestica)
o]ti(Schiavone %, 2017: Schiavone, 2018; ,
Taconisi, 2017; Secci 5, 2018; Hussein 5, 2017;
Allegretti =, 2018). A AbR 2] AR ZA] 22329]
A2 250 Aeje} ARS ZEAACL THo] =
o}, whebA, theF ARSEERE ofy el 71HE A A E, AL
TP A Fol aLHE|ojof B Aljolty, o]
A QTN of R} 7, ol ARE(Veldkamp
=, 2012; Spranghers %, 2018; Biasato %5, 2019)
of ARFFUIA o o4t 5 FHsslea ol
AR k= 7o) T A FF (e, of
=, oY dF E= HA gAY RA 259
R}y 2k o] 88 ThsAdo] =kl AE3
th(Belghit £, 2018; Lock %, 2016; Barroso =,
2014; Pieterse 5, 2019; Veldkamp &, 2012;
Spranghers &, 2018; Makkar &, 2018), 1%
FeAtE dRE AMSIYS I 5= A7k A 7
T AT FAMAIEL] FA SHA A At
7F HEEST =2 A A7 7N S8 A
= AR A7FEEA 250 282 WY 5% E4
< 7H2 224k g4t HERolE, Z1dlar T2 A
2] B4 AdES ek Q7] dhiell A o EH
AS vkt QITHIPIFF, 2019; Gasco %, 2018).
W AAHeR B3 Aol WA Agei 9
o}, 200058 vl=2 vt =1, Holzert
4, tigtdl=olA ofg] it Ag = Qe 535,
AR ARSE] 917t 252 tif i ARt A|ESt
F50] ARbEQl A opg|7ksollsollE A4t
Sk 7199 At o] =t All About Feed
(2019)]l W2 opH|2]7golsolle] AlA] AYale
22014 -201549] 7,000—8,000 Eof| A 20161l
14,000 E0= wh=A] Z71gct ofefat A3] ot
o] A= 252 ARSSE 57 AAREAL AR
A 5ol o]Q] o= kg Aoju, 250 A=A 9]
Sk FoF= AH| oA Q1A% AL g of] m] 2= A
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o] Ei17]¢} ot s=of s Ao AEd
of Holz Adtstar ool Ty} ekt d4
PR vHL= FEo| HFE ST AlRE o]&-
= 25 GO 7= T wold, A}
of W Zfo|7} Y}, YRk o R AF2 A o] &
Sk 4= Qe TheFR g} mjdjEEgt ofu et of
Yz|, Ao ohildl Exsprike] £2 354
o] HthKourimska 5, 2016; Williams 5, 2016).
Hawkey 5(2021)2 Ay o2 thfz] gFo=
o-8El= T AR = o|§S 4= Ql= ke JF
2 AE 9 oyA] RS BsHTHE 1), AXRE
7|20 2 chl Ay} z|dbo] at5-0] 24 folt), 15
Foll whepaA T S thefel Al v
o] ek A o) gleFo] 23%ll A T6%C] o12H, 7
T2 RS 7 252 WIFT10ItGE 1), ARk

=2 v

Table 1. Nutritional composition (%) and energy content (MJ/kg) of commonly used insects in food and feed on a DM basis
(Hawkey S, 2021)

. Crude protein Total fat Fiber Energy
Order Common name Latin name Ash (% DM
(% DM) (% DM) (% DM) (% DM) (MJ/kg DM)
Yellow Tenebrio molitor 46-54 25-36 2-5 3-4 27
Coleoptera mealworm
Superworm Zophobas morio 47 44 ND 8 ND
Black soldier fly | ¢/™etia illucens 34-42 25-58 7 4-20 22-24
(larvae meal)
Musca domesti
Diptera Housefly e domestied 51-60 25-28 6-7 11-20 20-23
(maggot meal)
iy ;
Housefly usca domestica 71-76 14-16 15-16 7-8 20-24
(pupae meal)
. Bombyx mori
Silkworm 23 14 ND 1 10
. (pupae meal)
Lepidoptera Great
reater wax Galleria mellonella 39 51-59 9 2-3 ND
moth
House cricket Acheta domesticus 59-72 10-23 5 5 ND
Tropical
Orthoptera house Gryllodes sigillatus 70 18 4 5 19
cricket
Desert locust | Schistocerca gregaria 76 13 3 3 18
Soybean meal (for comparison) 55 2 4 7 20

* Abbreviations: DM, dry matter; ND, no data.
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Table 2, Low, high, and mean amino acid digestibilities (%) of various insect meals when fed to poultry (Hawkey S, 2021)

Species and life stage Low High Mean Study
Gryllus testaceus adults 85 (Cys) 96 (Ala) 93 Wang 5 (2005)
Acrida cinerea adults 85 (Cys) 99 (Thr) 94 Wang 5 (2007)
Musca domestica larvae 92 (Ile) 98 (Lys) 95 Hwangbo < (2009)
M. domestica larvae 83 (Gly) 96 (Tyr) 91 Pieterse?} Pretorius (2014)
M. domestica pupae 86 (Ala) 100 (Ser+Asp) 95 Pieterse®} Pretorius (2014)
M. domestica larvae 77 (Gly) 91 (Tyr) 83 Hall 5 (2018)
Tenebrio molitor larvae 80 (Met) 93 (Ala) 86 De Marco = (2015)
Hermetia illucens pupae 42 (Met) 89 (Pro) 68 De Marco 5 (2015)
H. illucens larvae 44 (Cys) 92 (Ala+Tyr) 77 Schiavone 5 (2017)
H. illucens larvae 45 (Cys) 99 (Ala) 80 Schiavone 5 (2017)
o7 350 AARYPEEES ey ot & 9 W &3 FpEo] wolkl A= ek o
< W Saat Bl Teuy gt 7] RO AL Aoke) opnfieAl 78] OfsliA
O] vl ko] BlaofA] 50 whulF o] 4y T AAo] Frh, Ooninex Finke (2021)0] wh=
> o= WollA skehAlos At Hof Q7] I59] ofu)ieqhe: tiEEbolu of it e 7|29
tlzofl Eshal ez o] go] 7hssHA| o2 o vk ©E S EAY Y 2 G R TR A
(Barke &, 1998). Att7}, =42 A4 et BE FE o gA AFEE 4 QUThGE 2). ofueAt
U 7198 eekal Sl ol A Ea i o A Tl Sl e skl 5
of 7|Z3sto] ST A, L5 T T o]l a3t AL 3l ol FEY ofnfiedlt ko
A e r g7t g pe Qlok, 25 gatd e wet A% o] Xtk Ooninex¥t Finke (2021)= 4
2 g opu|ieAke] $2 3o r 7 ok B] HEA o R Wol ARFE DL Sl 47HA] 1559 ofn]

|=]
= 54 9] "4 oAk Fatk i TA|of ot
o} ok dukd o ® w7|of fAE, AR
o] QI7to] AxH|oh= FA Q] Tl d FeliTt ofy
o} 520 Al AMEEl= A T F5
I 2R v EthVan Huis, 2013), T o] 4
SR W= 25 Fof| sl 2HAs] H7kek A2 ofy
A9k, Ramos—Elorduy 5(1997)-& thoksl a5
A 18712] thE F AbR 39| a3kEo] T7%
A 98%0| o2tk ATt ZAA A 2] (Tenebrio
molitor)?} oM 2]7 5ol (Hermetia illucens) 52
735, BR7] Tl Askg-2 7F7 60%2t 51%((De
Marco =, 2015)2 H 1%t} Pretorius £(2011)
of |2 50%2] o] f-5olut Hul7] 7R B
8 S 7|HE AES Fol§ FA|A Hl 2
I Y7 71FE 2wz 9 7 ofn| ik of

WA A4S ekl Hote], Wyl $of, =R, 4
31, ofgdo]e] oAl @ PeF} B WSHATHIE 3),
E3}, Gasco 5(2018)2 A%~ 7+, 2], w5zt
7], "], B7] 9 el o] Fe] FE A XE ¢
L% Y59] AslEo] AESIG) 3 104 UERY
L ufe} o] L5t e E AHke] oF F Ujof|A]
a3 Fupch AS| ohE 4= Qi dhkdea R
250 A AR B V|EO0R §50] AF
B} gFo] o Erh(Barker &, 1998). A= ot
&3t Fe= 2Asid, EjordI ST} XA
o] Z}z} A1) 80%<} 20%5 AFAFFHDossey 5,
2016), ojEolut tiFule] wls| ZFo] AW gk
o] g0} & AlRol| AMESLY] Ao Ak U
A-g AAsNoF & 2 98-S AlARHMakkar
5. 2014). AIRE AREBE7] 8l AlASH A2 A

179

" Food Science and Industry (Vol.55 No.2)



I D
I Science and W

Table 3. Amino acid patterns (mg/g crude protein) of four commonly raised insects and amino acids scores and first limiting

amino acid for various species (Oonincx 5, 2021)

Amino acid Acheta domesticus Tenebrio molitor larvae | Zophobas morio larvae Hermetia illucens
aadults/nymphs larvae/prepupae
Alanine 87.8 80.2 72.7 62.7
Arginine 65.7 60.0 574 52.8
Aspartic acid 79.1 81.0 83.1 88.3
Glutamic acid 109.2 112.1 127.0 103.7
Glycine 52.3 53.1 43.7 55.0
Histidine 22.8 30.2 311 324
Isoleucine 40.3 46.1 46.9 433
Leucine 78.6 84.9 80.4 69.9
Lysine 55.3 55.4 54.6 59.1
Methionine 15.8 13.3 12.2 18.8
Methionine+cystine 249 233 21.8 244
Phenylalanine 315 35.2 37.2 41.5
Phenylalanine-t+tyrosine 87.5 102.6 108.4 112.3
Proline 56.7 68.1 55.9 55.4
Serine 44.1 47.2 44.1 38.3
Threonine 357 40.3 39.9 39.0
Tryptophan 7.2 10.5 11.4 15.1
Valine 54.1 62.9 60.5 63.8
Amino acid score/first limiting amino acid:
Humans
Children 96/Met+Cys 90/Met+Cys 84/Met+Cys 94/Met+Cys
Adults 113/Met+Cys 106/Met+Cys 99/Met+Cys 111/Met+Cys
Livestock
Poultry 64/Met+Cys 60/Met+Cys 56/Met+Cys 62/Met+Cys
Catfish 55/Thr+Try 54/Met+Cys 50/Met+Cys 56/Met+Cys
Trout 52/Met+Cys 49/Met+Cys 46/Met+Cys 51/Met+Cys
Swine 59/Try 56/Met+Cys 52/Met+Cys 58/Met+Cys
R AECR AMEE 4= 0tk dukder % §h Ui 2 FujEeikC16:)S el S35t
< oheFet SR S USSRl e E = Zlo® Helth gRbyoR 1F8 n—6 ilkE
SESPAPARS SRSt Qlom, o= ThE SE F % EZSAHn—6 PUFA)Q! 2i=8likn—6 C18:2)°]
vzttt a3t ZOAHARS U EAKCI6:0)0]  ATiEC® F76kal, n—3 Puke]EwtHC18:3)0]
m, TR FO] AEOFZANCISIONE ERFL Qo Aok ARE AGT 4 Uk 259 B0 o
o}, ZEAHCI8: ) =8 @l E23f ApAtelx] R 15 B0 T AP A A A Ee] 159
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Ho|Z2 HATo 2 tofslA| YA 4= Qi) o
£ E9], Fasel 5(2017)0] ©}2H 22 A 22 9] ¥
o|of =B SIR|HpALo] FHE TS Sl
Jiﬁiﬂxlﬂo]'ﬂ'«] ~‘?:.]"jf}:‘—‘ &]?ﬂo]—}ﬂ ——7]-/\]71 2
Stk i} 3=0] Zka1 Q) u|EFY A9} HlElYI 2]
238 52 &, Hol, A Soll wt vh=2A v
EPdthDossey S, 2016). UHkz o ojHro] &
o 554 ‘ﬂop} 85h= St =] g

A= 5195101 Qth(Barker 5, 1998). 2132 Alt)
ot Fo] Z=, viidle, Wk Ak AElES v =
oA AT 5 ow, B8 o] 2 ofel 54
£z Qlth(Makka %5, 2014). £3], ol 2]zl
Solol §5 ok 23 vl 28T Lol F

Hak 7 0 7 A A 9dtHJanssen &, 2017). 22
H8AS o) 10971 B 5= o] 71 et
el 7o) A|qt o) iegl 3Ev] Sl E sz}

&}a1 9JtHVan Huis =, 2013; Belluco =, 2013).
SrA| YR el o] 7[R d-S N—O}Aﬂ% 223
AIE] 71 ARE SRAIRA] tiEe] 159 954

W HFA L= 22 7)8F eksl 2ot} 7)€l 7] 3k

Lo AXET 71202 2.7-49.8 mg/kg, AR EA
71&E0 2 11.6—137.2 mg/kgo|H 7350 A4 it}
(Finke, 2007). Park®} Kim (2010)°]] k29 7]€l
2o Atz oA o] ARgI} TABIO] =f-S FAU A

& k= ARl theliAl= o 7R EET st
o o @2 A7 Q4E U Aol 7|
Aol ks, 9 5o EAAS AAR|E gt 1
U, 7|2 ohofst Ao} Agtete] oA 4

SFE Asfishe BlFdE BHE 7L = QA

A2 A&7bs e A eel dig vl 47t
o] ot el wet FEARl 255 ol8sk=T
o] ol Qirk, 7]Ee] 749 A}:m =1
7] OFA] A|AELS 2|4 7RsA] 0] A|Blo] W ok

o] 2|3 Qitk =2 1) okA] AJAL /\] glo]|
ARdRR ARE7|l Heet 9F 2AES 7HA

H]eE SRR} THE )T GAlol o] Aol
o W2 &g Z718E Ao 7 oite|o] A &3] of

1]]]]:/\]— Z}\-]%_L} '61—7]“ _L_ﬂ7} Xl—g k1 O]:X]vq Ij—HH Z]
ol tfF B g Zlolt}, MFH 08 V= WolE
T o] AFAAHA 25 AT A= A A
A AT A Ao A= ARS-E|A] kAT Qi d A<
TA Aol A= Fol AlRofA =2 TiE Fad
o|o 2 ARGHTE F-& s A = chAgH
Atz oA Aol 437 a7 F vERA] QEEA|TE, AF
7 H3EFCR, AF 37t keT A= AFH=)ol
H|2]= JF2 o2 Aeg HuErkBovera G,
2015). Oluokun (2000)0]] W= ot|2]7ksolE
off 3= FALY As 57t A= Aol {94
Ql G v|R|A] FQFA T, BHE 7] At x| ef A
3} 7F5gk ofn| Ak —? e sadolE AR By
A}, AR A B AA| ASEAY A =
F52 o2 ZHE Al AT opH| )7 s ol s oll 52
2 At 23 AlF S71e Am Sl Zbel7t
9= Oi UEPFtHSpranghers %, 2018). o]}
o Eo], FEHoRE AW AAS oidg]7ksols
of f58k Holof o 10%714] 223l 22 H
A7) =zl M= F84 FaFol §laL, of At =
A Abmol sZgE o = S o= obFR JEFol gldl
CH(Biasato 5, 2019; Altmann 5, 2019). %= A}
72of = Az 2 FEAHO R oie)rhEols
of o= At 50%7HA] ARt A, Z7]o] A
< 4l HR|oA] AR o] Y Tt (Newton
5, 2005). "RHA R, AS dl =1 B, TS
FEA oz AR E tAlshd AlF S7Het A

7 A3, 2 435 F480] Sk A=

UERTHIin 5, 2016). 3, AR 11174’5‘}11 &
= O}UHEVF%OHTOH o2l o T 4ot F

a2tk ARl vlsl faglal, ofH7 sl
Oﬂ <l B OH 2ol 4l 5|2 Ed, of2rde] AR
7] 2P &%) S AAAAEIR giAlslE wl
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Q157 e} Axv]/deke] Hale] wet AlA| ofF 4
H|gFS 715 Av|ekt o S7kstar Qlok, 1o,
G A A FAE O off= 22 a7
EREH U= oo 3A o&Estar Ql=dl, A+
S} o o] XA oA fI71E e
A Uk of RS oFAo] ol Alm JROE R4
Holl o] F83F FFHORE AREL U, oA
o] FAY AolA o9 AlER Lo
2oz Agsh=Alol 42 B ALY HolF
A Aok}, Renna 5(2017)0] wh2H, FX7RE0]
(Oncorhynchus mykiss)oll A2 A|AgE of#|2]7}
ool 152 Hol= FaoleS o e, 8%
&, 27k A 9k glo] H o 40% 0= 4
fo] 7Fs3ltt, VIR 2, -850 (Dicentrarchus
labrax), HAFA(Salmo Salar)olA oFH|2]7 ks
ool fo2 ol R E Al AFEoIU AR
2hgof S AR Yot Magalhdes &, 2017;
Belghit &, 2019). ZMAAE =v|(Sparus
aurata)®] Holo|x Xt 25%7] ol&-g thAskA
U 9= (Oreochromis niloticus) Ho]o|4 10%5 A
7152 o Ad7golut AP A|skol| miR|= P
313t (Piccolo 5, 2017; Tubin %, 2020).
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=3} 7|14, Y 27] 5 9 slehEale i)
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Table 4. Feed legislation on the use of insects as feed (Sogari 5, 2019)

Country Authority Regulation Insects as Feed
El'lropean EFSA BU Decisions/regulations I"APS. authorize'd inA aquaculture Authorized fat from insects in feed Posi-
Union (EU) tive list of rearing insects
USA FDA FFDCA z.'\ddmye approva.l list or GRAS needed for insects. HI larvae included as
ingredient for animal food
Canada CFIA FAFR Feed raw material needs authorization, HI product authorized for poultry
China none Not present Does not required authorization

* Abbreviations: EFSA: European Food Safety Authority; PAPs: Processed Animal Proteins; FDA: Federal Food and Drug Administra-
tion; FFDCA: Federal Food, Drug, and Cosmetic Act; GRAS: Generally Recognized as Safe; HI: Hermetia illucens; CFIA: Canadian

Food Inspection Agency; FAFR: Food Act and Feeds Regulation.

A2 fIgt Hol& &8sk 714E sk 9L
o}, HrjojA] 25, A8 IS ml=olA Al
H7HeE 7HEEA, wjd E3El= Association of
American Feed Control Officers (AAFCO)2] &4l
ol g or PASHGRAS, Generally
Recognized as Safe Substance) S22 QA &=
=4 55 Bt ol 514 AE 7S] HEol
=L ek, A= ob| 7 ks ol sl R
Z}F Az gho] F& AlR-8 YRR o|HE o,
1§ Aol ARgShE Ao E S E T AL
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