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‘TRRXZSREZERERRARIREAE - &% 8P -
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BEALER HEZRFREHERE REAMHEER  BUFESHERRNEERNER
an c ERBREERARSIENRERICNEZRE - MEENRESVERNBEYRELEM
DR WRBBERT SR - IREEFNA - BRI - RIRE(E - ERANA - KIKBANREBEERE
ZWER BEFEFBRERNEE FREFMFVEENGERNINIENEERR - RERERERE -
FESHEUHEMNREA SRRV RBEE RO RYRENERENERERR - £E81E
EHRBEAKERESABRVNSVER - ESEONEERIRE2030FEREL - BREERAL
SAERESREALERMAERZMANEE - BB - BEEREEDABSISEME R -
BRRBE THZREAREREAFANNEN A HNE AR ERX 2Em B AR - #15
ORENEXRREREN N - ARSI EEHH BB EXCERERERELERKH
HARFRINEZREREZS - ETPRBERFENEHENEEMR  SREEAECRA
ERNVRENERSYE  BYERAESAEEERNBREENRRNGH SEERFRARESYE
BEEN AR AEREXRRERERSE DURKRREE BEREAEFRE —EMAMAYTFEN
AR ESE - BEOIEEINERMNT - B RERBERIEERTF ESRHEERE -

FAfE -

=
il

RBHSBENAERER - % 1950 F3
2020 F - 2IKAOM 26 BAARZE 70 & WIEA
2050 F£2IKAOFER 97 & (Population 2020) -
FAO (2004) &ist#/R 1995-2020 £/ - ZIKEA
HEEKRELEBE 58%; 7 2000-2020 F& - WEE
HESEH 233 EWREE 3 B - 4HESH
568 BHAIG/ME 7 B -  HEESFTKAAE
30% - | 2050 FRIBBIER - AR ADIBMNAERE

BN
E-mail: htshih@tari.gov.tw

R@EA - BYER - Rl EREESRESR - KED -

PEREEKFRSNAETE  SRANEHRNEE
mAEKEMNRBEANBIZN  FAREXREEYER
MHUBEARNERERKZERS @ $PEENTEH
fE5R - 2SR IKE R EQRIHEREER (Boland ef
al 2013; Bosch et al 2014; Kim et al 2019;
Sanchez-Muros et al. 2016) - R AR E EIBE - 6
SRR E L MNKERANA - BREREIEN
RENZEMN - BREESVER  ZHIKRENE
MRS - BRI THEEEAEEN - BIb - £&
ENYIFRRERARE  WRRAEBRARMUMERE - &
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HREENA - E IR - MNESERBFE KRR
KERWEZREZE (Mungkung et al 2013) -
HEZKAOBE ERFREBEZEMNAE N H
HWEYRERBKIZNM - EEEBVERAES - B
RIRKIARFE A 2 SIREARE - B e YR PARRD
SEMERERENRR  CHRARIKREENEZEHR
- WEEHIRRERNRE  ERMERNAEESEY
REANEBENSYMENER  IEERHVRENTE
EERNBERRSEEDY  SBREREHNER
D B RKEKE D REERERESE (FAO
2013) - BE@fR R s e ERBEIFEKRNE
- ERHEERE(EMZES (Nakagaki & deFoliart
1991; Ramos- Elorduy 2008; Looy et a/. 2014; Van
Huis & Oonincx 2017) - £REZEEY - EENS - &
BHENXEN-—EREYAEL - FEESNIRIZEM
BE SRTEGEEFTRNEREETNESED -
1% 0] KR S B E H m IR IR E IR AT SRR B
71 (Bessa etal. 2020); B - B EZEZHE R
BIEEEHEENSN BEERNBEXHKERER
HRERARERHTERE®E (Rumpold & Schliter
2013) - RN AR REXNBENER - FROBR
ERMBHREEE {5 2016 £ 1 BESEHE
B ol 5 E R R B (sustainable development
goals, SDGs) KBEERITTE) (Chia etal 2019) -
ZIKEAERE - ARARBRIKALEBRMEESD
BY) - T+ BkE T —  MENUREERE
AMEENEREN—VIRY) - ERNERERRITE
HARIARZREIR - FPIRVBIC B I E iR B 2 BB R R A Bk
B - Rl BUAREMNEBEVEERS SR
AOIRBENEINREEEEIEZE -
SE2NEELER R ERARNSRYKIE
O SRFEEBHRBEENSHEZERXE - DI
REHHEIKBESYEFERERENERERR
H# A 2 PRIV AR B R FE RIS - R IR B R84
ik ERRERNEABNEENE - SEEEAR
CEAERRYERESGY  BVERNBEERREESE

2 BERERREYVERERRERIMNE

REREEDRENGH ERFRBIEEVERISIE
VRmIHE - EARAEREFRRIRN - WERR
RER LB REARN M E S B ERMF IR AP
BEAENNES  ARBNERRIBESERE '
HESBRSEAKRMARSETENREER -
PSR O PR EA AT SRR 22ROl - WARAZE
EAEMEAR LRBEAmRAtAusEEEen

REABESYVEANERYERERH

EEMRYERZHNEYER -
1999-2018 FREIZIKEEBWR2=2ME - 2% 75.1
EfE (Wilson1999) mEZE 100 &% (Stork 2018)-
MEHEREZMYIEA 550 ##& (Stork 2018) -
AR E B2 MIKERBE AR IS ERE - 807
EBRMERIBE - IS EMMTERR -
ER—EHNZEARSIEEHYNEAMSYE
HEXRREZ—  TEZRARBHEMEERRMSE
gt HIRM BB EEEEY) - Hardy et al (2017) 7
ERFELH 120 BFREIAR (Homo) EH =
FrEREEY) BRaZEaRMA  EYEE AR
TEMMEERTS  EEEIABYENRE R
(entomophagy) AC#EEA - FETM -~ L T =M FNFEM
BHRZSREEARRZEN  Ea/RBEXEN—IR -
BENHWEGISEFENFESNER- LHLHE
2200-2500 FRIMN P EFREET BB XFE
BERERE (RBBN2RANIBERE), £27T 77 F
MAESECHERRETASREESRSEA - AIEENL
M BERBEREBREOEOMNA - 1740 EM=x (Carl
Linnaeus) EEHYEEERRINFMNABSHEZE - X
=HEMUE%E (Svanberg & Berggren 2021) - Madau
et al (2020) AEEIRNA 110 ZEBRBR R
B TBEDEHFMIE - Jongema (2017) HETZR
B 166 mMIRMEM 12 EMAILER - BER2IKE
‘DA 2,051 EoRFHE& (edible insects) ~ 15 &

E&:4 (Insecta)



OB AWk REM 45 B BANERKEY -

BERBARRET - ERANEERNF LB
BRZ  ABRISGEHFLIVEFEEBENER
WERr - BRRLEEESYE RS OAEAAER -
MERZIMNTRERAERLEE  WEEHEBYEW
6% (Veldkamp et al 2012) - BEBEMNBHEREN
ZBHUUBEAHRERMNME - M=% (Zuidhof
et al. 2003; Sanchez-Muros et al. 2014) -

ABEAERNFER  HERHNHIMRE '
RETER  RE - 2 2B - FYsEEEa
PaSAEER - BHiERE HE BB SMRERIM -
HEMEEERN (BN EREEBRERFIEERESRN
SEXEY  F5IRHAIRERE) Wi EHMEEERIM
(BB AREERMHER - TEI&EERR) - Yen
(2015) EELEEHBRERRAHES A 92% KB
SMRE - 6% KRBEFFIELEE  Hih 2% 7 2&%E
RaERNHES -

MEBR  ARBEEBERRBARABLEE
BYNBYERD  LERBREESEFMEANES
BIEREBMHES (E8E)  BARAKNFBRER -5
EL DUABAREFEESRNKIMIFEE  EBRE
BHNEEIRIE (BEMRE) MEFEKIGRERS -
BRIZAREREN D EBERRE (EOPEME - A
SRk R ) ST EEERE RAELE T RN
ORER) - ABEARNEERGE -

Leppla (2009) 3t 920 FEZHEIA BN ES::
IKEFTEE AR /ER (order category) E3& B¥TEFR
AR - B0 E (B 32.6%)  #BBE (B
21.7%) EEWE (K21.7%) FrathEES - HRA|
AH¥WE (BER 10.8%) LEWHE (R 10.8%) - H
tRAISEEE (BiEkfEss) IEEELR - EREE
- SWERBMEERIRE -

BLEUMEREEENER SARFEY B
FEUEZEREERNnE: - HSHEBNHER
M BEBAZHBEREERS (DEKERE - I
i)  RESR/NESDPRE - sUAINZEY - &

o

Bl t (DRE) B (FEUHARRKE 2
HER FEREFRAEYRENEREN) BREE
BRMEATEN( CEE EEBREE) F-FR E&
BERFEXNERBNE - RELCoTANH
B THEBERUBSEENIREER - ML -
OHRUARELESKRERENERER - 8
DENRFHEERRNREEER - DRI TRE
EEXNESEEREREAREZESXNEE=ER
KL -

W

YRR R EERRERSA
& H

EREN

AREFRAONER QENRRE BESREERE
NHAEZEROBEBEEZRY - RETRKRZIKBRELEE
MY BMAMEEMAFTE KRG ARG (Verbeke et al.
2015) - FEEtPEl - ENEMIEMFRBPEIZX - KK
PL19% WARBEEZFIER (Allegretti et al.
2018) - YT A FE PV EEE B Phis 2R IR IE B M B BB #E
Fr5|32RVEMEIRE - AT IKMERVERE -

MEEIERAM (FAO) fEE Wageningen
University and Research Centre (WUR) 7% 2013 £
1Ak " Edible insects: future prospects for food and
IEREME R L ZRIKRKKAED
=), - B 2011 FHEFRERNBESE 87 B2
M- 2IKBFFEEREELR 3,500 F=m EPEi
REREERERNNAS  SBMAE 70% BEPX

feed security (EFE 2 :

WEBRER WA AES - WIRHZE 2050 FER4
ESEWAEN 70% FEREEHT - AREBYR

BREZERBARN - fH  SHRMNEMERERY
(FAO 2013) - & ZE 2020 E2IKEARNBES CE
11.88 BAMNE - HhHARIERKEWH - 7 - KE
MEMERGBMARRR)ITHR (Alltech 2021) -
HEIRBYNREREZNDE - EREHEAK
BARKRE - KEERERREANFIERRS - B
ARERELNFE SEL EREFMEENAT:

ERERBYERRNZZIKEERTERRREE 3



A 85% WMIHMEHME M HEPhXNE 97% H
EENER (Kim et al 2019) ; ERERIFAEHR S
KEFRNEZE[ENREERR - HENBIENS
EEREEEEE  RIKABEEN 30% E2HEI(E
REHTERH - (FREYANREER (Ogunji et al.
2006) - HRAEBAENBERRENRNESECHE
R FFEIREEFIRIRIE K SRR AZRFEE T
BEREIRNEZ  BMERAINERELE  BHERE
ENREEERRRUENTE -

A PR B E R B A A B R Y AR AR R
R - EEAEEIVENAANERFERNER -
BRIEZRRSHEYVEE WNHEEERMERIFNMIE)
MU EREEE WEEMEENER)  Z3kE
ZIKEMIZEBR - BEBKEEBEUBREE R
BERBAENFRERAE (B 2027 FEIK
WKEREES  REUBEREEE = 2030 F

BISFrAaRBmAESH 52% (OECD/FAO 2021) -

EFYEANEFRFERVYBE LS NIRBRE
MKEF - B 7RDVIRESRAEMBYEF - WE

BEMoBERENIHERRER

E
A=

(RES=IEIIFES

PEBE = EIAE PR PR - Ry EHEn 5 -
mmEEEHYIAAFRAIERANEEY - HERF
SEABNBREATEEABENATEERE It
BHRENHEBEANERENTRAD - 8F8YRE
B (NRs:) BYIKREQ (W40% (microalgae)) B
MEMELE
2019) ZABMRELFI2BNRERER A
ANBEFAFREBEMANE - ERBYEREESTK
MRALDUBMEAEAERS - E:2/MIK EYER
ZWENY) - PREVNEREBADRERY - 7 - #S
BREY  BEEBEESYMERKRAE (feed
conversion rate, FCR) « HIRIBEEE/N\RORFM - P
WEZRUHEENEYED  BUEAIRIERER
REUCEH R - KT EAMNIRRA -
BEBMNERBABBERMBNEMED R

(microbial proteins) (Kim et al.

4 ERBARSMENERR MNE

g
MBS EREMERE LR BEERERERR -

#wEE  BERERFRHETIABESEZEBEARSEA
B1EY) (proteincrops) FALESFFED 70% ILE
BRYAREESYER - ARERRESBYEE
AR 50-70% - —EEERIRRERRELE) .
HEWNENENMEELEARTE (Verbeke et al
2015) ; BEMAETEBR LR IME NaASY =K
MEESE 11.65 AN _SELKESE (Martin 2014;
Kim etal 2019) - E2BUMNBHEFES ER EH AKX E
MZEE - MEBEZEFT (the European Commission)
1R 2018 F 11 BEPSEMAOMNE mEE
EEEMREIARK  BREMAAMVESRED 25 - &
HRMEBNRLARRSEYRBENTRREELMR -

UMEEHZENERAEEATNB ERKE
(Mancuso et a/. 2019) - FEM BB KX ERRAZE
ERABHEERNAEREESYERERZNE MBS
AHEMR - S UREBERNEEREREINOE - B2
SHLE  ERERRERMNERNRRERY  E1F
REEREEL  HETENEmBHFR
(Smetana et a/. 2016) -

BUMEEABRERERER/iE - BERRE
BRIVEMSEREEBNEREENRRLZESE
HEEER - FAHESIEMENE - RENIRIRAOAME

Et - BERERIIER - RIEZBHERIFUHEENS
KREME RBHERRSHUEREQBENNE:
BUFHERNERARSTRERARZKESR B
IEEMIRARECABIRERE - ZREBRERE
| ItEREARRE - B FAPEESEREN
EnEXR  BLEERESEENREERERTIME
ERE  MZARAEPETR - HEAZHEXRGHRZ
BRGREREBREENRER -

BRI RESEAENAMUE 2B RV ERE
HERRNS—E2FR - REMBHERERFLE
REENEYIRFER (bioreactor) - UM BTII54E
MEABRFNHRNHEZELE - BLEERIFEH
BEY) WMEBERENRY - SHMEYRE - SHYEME
EFYRERS) BLASEEEEYENESN 1

R



ARFER 7B NER&ER = (Allegretti et al.
2018; Chia et a/. 2019; Pinotti et a/ 2019) - FEK4T
AIRBERREREZAREARMENESRYE - £EBT
BNERREENAERMEERBRE  REERTMHE
EXELER  BRKEEER (BR 1% EXR)
ZHANEBBRA  HEEXIFABGNECQREMNE - 4
i Bessa et al (2020) IELBEESRE AFTHRIR
B - tsEABEREN - B ALSEREEEY
RREIEENHIE 2B RASEEEERER
REBMIMmEARRZENRY  MAZEERRRY
Fsaie  AINBNEKERESERRE (Acheta
domesticus) S ERWEEE (Gryllus bimaculatus)
¥ 553 (Tenebrio moliton ML @B EEAG -
Menozzi etal (2021) IEH Rt EBEREIRES X
BXEENEEARNIERER £% - EEMNOKSAHRH
Bill#HEE @ JREHEEERESFAERNE
BE - EMREMPEEEEERER -
MEMBENEEAREERNRRIER - RIBE®
82 2017/893 &%l (Commission Regulation (EU)
2017/893) - 77t 7 BERUFALEEKEERES

MMESER K2 (components of compound

aquafeeds) - B#EEKIC (BSF) (Hermetia illucens)

KW (Musca domestica) ~ 8 6 8 (Tenebrio

molitor) ~ S8 KEEL T8 (Alphitobius diaperinus) ~

EL w oA B i
(Gryllodes sigillatus) #1 5 B NN §& 4%
assimilis) - BEEENZILIRA AR RERERH
REEREMEY - £ 2021 £ 8 A 17 HEE (EV)
2021/1372 &%l (Commission Regulation (EU)
2021/1372) - EEI BN S FIE S SN R LERRE
BMTTENELERBIFRSEREDY (EXBY
BRON BIMEEEDD - BRERE A2 E - IRTEC
HEmREABFAEARBEK EYEm (W05
3 - BEURTTENY)) FIEKENY) (MFR) BIEDH -

(Acheta domesticus) ~

(Gryllus

ER{FARESMEANNEYRRINTE

HYRERHIZBESRNEENERE - BAS
EYBENRERSE  ERc=E825BEFEERS
BB HERBEMRERAR - BIHUREMAS
MPENEER  BRECUMEEEFIMRELER
MEFRME  CHREPRIVENSEEEERWT
SEEMEE (Gasco etal 2020a; Guine efal 2021) -
ERNAESRKERETRESYNAN - EFEE
RENEBNMIELNE K (insect meal) BRE -
CHRERNBEREMRIBKERY ERICREHY-
ERENY  BESEEHY FBREMEY G- K-
% B - ESEBENMMERENNE) -
BEVHEERE 50 TFACHRTESRES
TERENYBEBYNRE (Barroso et a/ 2014; Van
Huis et a/ 2020) - {EEZI FAO (2013) &R =0
ESANEHBYNRYLIR - ZIKEFBVHERY
BrEaaBE SHREBEMRE - BERIIKSHKE
£ 100 BiER s (Stork 2018) - AFEARIEEE
MEAMERNFARESREEAEA 12-13 & (Maciel-
Vergara & Ros 2017) - BB EFIZER 7 fEalfE
RENANRESREHRE  BECHERYELX
0.0007% - ¥R 2,051 BAF I BRARRYEH
BH#%E (Jongema 2017) - BHARBEEZEAZE NN
RRYEBSHE - 25  ERRIERBYWEN (FAl
TERTR  RBMNES=EHY) WolHERRR
B AREYER BERKERNEEASINET.
HofREERSSHYERIREKY EESNR
#E (Sogari et al. 2019) -
ARERBEIICERNEEZENEENERAR
BNWEREE UEZERICERCEEHYNLR
FEAEM  (FRBNFHRARERESMEERBES
BENENARS BoEERASM (FAO) £ 2013
FHIBEREENANYR - 2R 7TEEADIGRRR
FNEYHERED - Bt - FIAERERENEY
ERNENED  BREEnREH BRECIHMESE
B BEXZAZXZE "OURFEUNRME  MIFTZEUL

RMNEHE,  ERFAZVEENEALR  F

ERERBYERRNZZIKEERTERRREE 5



KREFFESYREEZREEME - AW Barroso
et al (2014) FEHIUBER SYEFAEMME S -
TERHEEER (Clarias anguillaris) ~ R&EEHR (Clarias
gariepinus) ~ EZ&Z 28 (Oreochromis niloticus)
BN B R (Psetta maxima) SEBERBHNERE
Mkl SR 30% HERE  REREER  BLE
SRECRNAEME 2784 ; Dierenfeld and King
(2008) AR B R B KW W EEE B E
(Leptodactylus fallax) FEREEHIERRE - RN
25 - TEEBMNT (AR ) 2KIES

BERH
B2 b AT R B SRR B M EBERINA N -

i A EREER - ERE - BB - T
BEMETRFEREEEN
ERRBEEEEAE (ALZEXN 30-68%) 1=

BEMEERNRERTES (Gasco etal 2020a) ;
BEERNEMBRAERZLERA  BNESEE (4
28X 10-30%) RRMMIB/ESHEER (LEHZHE
4£FR Bl12) MAMUANRBEYE (LESEME) W
RIFHRIR (Gasco et al. 2020a; Payne et al. 2016) -

HAR B KRS S REYNRARHEIE
BEREENRKRR  BHESEENIRRESRYE
(EREANAEEEH) NEBdMEEELR LEZ
ERNBHNEE (substrate) (Veldkamp & Bosch
2015; Pinotti et a/ 2019; Gasco et al. 2020a) - £ 53
WEER TS ERBEREEES
2019) - PINEEEEBR BV EZ T AEMAEN K
(Gasco etal 2020a) - BREEZEZ T AR
i (polyunsaturated fatty acids, PUFA) SN E2 &

B (minerals) WAMREEE  oESEBESTES

(Danieli et al.

MR ARNESRER (Pinotti eral 2019) - AL -

fEAERASNEENRD - IRBREEESYN
MEEEEX BENRBRIEBE
(Gasco etal.2020a) - ARERAE SR AT TR
BEEESYAEN—I)EE  dEsYaEkEER

TR &l

6 ERERAREYVERERRERIMNE

REMREMSIBEYE - REREK A E 2SR
ZTHRELENEREMNIEYS
EREMILEEFNERERK  BYERLE
SNERER  ESOEZHRERANRN - ELTIH
RERAEN  FAREREABEMENEE - FHIZN
TRERMIFNFREREBOTE - EREHERER
2  E20FREME  MEVRELRERZER
& (methionine) M= & (leucine) BLEE R B
PREIMERZERE (Sanchez-Muros etal 2014) ; BRIt -
AEYEN EEE - HRIL ZENRERARN2EE
EREXR - EMEREERNAREBH - RANKRER
StAE ; AR - AEBEEVHEENAEREN
AR BN BAYET AR EEnERLEXRZE.
HEZEEYARENERS  WEARFE - 4
MEEMRENOEBERRENSE - CEZEREKE
SEBEMPEREHY - Makkar et al (2014) 5
ZEWHNBER B
(sulphur-containing amino acids) 22 - EIEER
MEH ; UXSGREROER - HETDF AN 10%
RN RSB - SREREREILMNER
B{EMERWEESHEZZE ; Newton et al (1997) IR
KU NmHNZER FENBZE - REGHES
REREEANNGEENRS - BEKPHHARK
WHsBMMMRZNEaIR + MaMMNEa K
(threonine) - Newton et a/. (2005) LI 2K it & @k,
100% e B EMEEK) - BRERHEDNEERR -
H RRFBICEZ M BT S50%RAERZ= ; (BERK
wtzngERn L 10-56% HILEAIZRN KRS MEKE - 6
FMNBRAEAS NRENAK ERMNEERD @ &
EEKTNEMBEEMARZE RN 24 (Cullere et
al. 2018; Onsongo et a/. 2018) -
TEERLHEEBET  CANEZEHERE
EEmAMER  EPRBERONRYRERES - BK
o XIE - BE NS BR - BXSBERES
RESREKEBESYNBSESVERERNZERE
& (nutritional value) #f3% - BIEPRA_+% - B

(lysine) B2 = Tt bz & &



EOAMAMAZSREARNAESYE—SEHYER
BiTIHRZE - Sanchez-Muros etal (2014) RS
O 72 ERBRnNEREBELEER  EIHFREE
BRUON - (1) tEE 67 BESMBIMAVEER (crude
protein, CP)- 5 20 B2 &2 B SRR KMHLIT (CP=60-
80%)  »A 28 ERER=YEBEESOELLARONES

REHE (CP=45-50%) - BLEw=EPUHIBITT
M 28 (Metamasius spinolae) (69.1%) FiL3=
EWEHMWEERE
(Drosophila melanogasten (70.1%) I KREHE 12
A= ERERE
(76.0%) ~ R Iz 92 ==
(77.1%) 7N 2% RE % 98 92
(74.8%) E£—121233 ; (2) KB (Bombyxmori) ~ £
ASEENEEZE (Pachilis gigas) ~ MiEESR
(Euschistus egglestoni K1 Atizies taxcoensis) ~ &
WENIIKIE (Ephydra hians) WEREZESIREN -
BRRIEEHRMANERYE  HEQKRISHIERA
k- U EBRIRAE RIS 2B IRER
AR HARSREEELAY  RERENRERA
ME&EZ - NRZHEKRE (histidine) - BEEMERE
(tryptophan); (3) FEMrEE A HE - TER sk - BEY)
H—1 - WEREMBEAEE (Linoleic acid, LA,
18:2 n-6) BESMR o-Lofiffg (18:3 n-3) - 2AM -
ks EAEMAEE (highly unsaturated fatty
acid, HUFAS) 221 S - LHZ 20:5 n3 (EPA)
22:6n3 (DHA) - EPA #1 DHA =& HBYTEBE
ZREYETN

Be & (Rhantus atricolorn) -

(Boopedon flaviventris)
(Melanoplus mexicanus)

(Sphenarium  histrio)

111]}T

MmKEE@PEFE 20:5 n3 - R -
BiRK B AR Y R I 2R -

BRIE - B2V T & (chitin) B2 —TEHM4
(crudefibre) EEEHER VBN BBERREMH %
HEEDYRIOS(ERE T E - BERUUL - Esteban et
al (2001) fELASE T BINA SR ER ol 2 A A F*

KEESBBERE

FE - MZAEEESIMA EPA 71 DHA -
RERRE  HRHEEEFKMLE  HomERERE -
P4 E=ARFGRZ 20:5n3 (EPA) #1 22:6 n3 (DHA) -

f8 (Sparus aurata) st KRR & % # (the innate
immune system) B&E M - Kurokawa et al (2004)
MEFEETEFARKESRBEAEETNRET
BRsWEESD - MAE SRS M ERRINE
(feed additives) T O ZEZ|INZ=EBEHYNIGEREE
It E=R=2AAHERK nE K
(antimicrobial peptides) M& T EEEMEMM D
AR8 (Chia etal 2019; Gasco et al 2020b) - (EEE
B RSKEBERENEREEME LW ER
(assimilation efficiency) (Kono et a/ 1987) -
HRlfER 2B L2 0MME  BAZEHBER
JHEFNERANERRS - FRESYREIYN

(lauric acid) -

]

EEBRIE - SREPERBFREN R A EH
FES  AOUGHHETENES | BAEUOTE

AED  WPUKEE
EMW R
Seafood Research, NIFES) N &5 RME5% 1B

emmE - BINMEIER E &K

(National Institute of Nutrition and

(kelp fly, Coelopa spp.) - MIEE
M ESEm (Payne et al 2016) - (EBAR A
HLUEBEAENNERYE  SEHSMBZRUR
MEERNNEmtEEREPERESRMNERNY
(Raamsdonk et a/. 2017) - A &B-REYES EYFERN
ARRBMEE  EEEARANEEAEN - AILSEE
BEREAESEESYNERBEESRN  UEZEE
BARTEERS  BEALE—2HFENEBEMHEEL
WEs  HEQS - RERAENEENEAMNARL

g A R ZRCEMER PR EY
RESMRER - DFEESHMR T MNBERLE =B
£ HIFEARSERERNY - 55 HIRERHESE
EHVERNERARSR  HEREESYNART
BLEN  ARRAVEHHESRHUESUIFRET
EZMF (Sanchez-Muros et a/. 2016) -

E2 omega-3 fi5

EERNAERERERIRNN
RTRERSER/AERYNEBMER - BEE
IEREAM (FAO) 7B Wageningen University
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and Research Centre (WUR) $22014%5814-17H
SF ETRENE —EERREEFTEZE (Thefirst
international conference on insects to feed the
world) (Vantomme etal 2014) - It EZFF EadimE
HEE (1) KERPUERS ; 2) EEERFRE
MAMER ; 3) BMEE  ILAMEER ; 4) EE
TERAGAEEEFERNES ; 5) & L -
HEZRENMER ; (6) BIEHE - LEHERIME
AZEREERASERESRNERSE  6iF (1) B
SENRREERSRENRVNEBMERIRHE R
B (2) REEMEMEEE T i E R EAOAI =
BE;(3) EERRERERNEARNARRNRTIRE;
(4) REESEEREPHNZHEFEE ZBNEE,; (5) £
HEGFEBHZARBUBEENES
disciplinary networks) ; (6) ERABMRATERE
BHERZIRETE ; (7) REMRERERNERA
BREmEENESNBIRMERFTEUE ; (8)
MR ERFREYMERIRNTEER - %
REZZE  MRABNEEREERSRFHEYHE
KRR A RIEER - 7£ 2014-2015 &/ - £
EE 6l REENHEERFARYAGERNAT
(Dossey et al. 2016) - 55 BugBurger #4314 (The

(inter-

Eating insects startups: Here is the list of
Entopreneurs around the world! - Bug Burger -
atainsekter!) B 2015 & 10 B 23 HR% - 2#
EREANENAERHEESR  EaRgEEFR
REBZARBEE  AXE—FEE 2019 £ 7 H
20 HE2 2021 £ 9 B 20 H - &:9ZMIEMRAIS
FRESHFAATIMMARKEBHE - RIRESRSE
EE3k COVID-19 &iERE - BATRHMBMNELE
RE B 250 XFEREE 320 X (FEEERT
EABMERESHM) (BugBurger 2021) - HLE3
BRT BB EE R BRETMAM R EETS
(Feed Navigator: www.feednavigator.com) -
BSNEEBVERBERNATSIRS - BREW
BMERAR WEEMEEEREAMNHEIAT)

8 ERERRFYVERERERMNE

HPBREBRAMOEEREEA PROTIX « 2K
AgriProtein~ JABIfY Ynsect #1 INNOVA £ A5 -
Hithi5 BB EnviroFlight, LLC ~ Entomo Farms
M Beta Hatch ~ M & K #
Corporation *JAEI#) NextProtein 1 Mutatec: 7
MFH Entomotech ~ A DeliBugs ~ Z#EERY
Hexafly Biotech - 178889 Kreca Ento-Feed BV - tt
MK Nusect ~ KB R HiProMine ~ = [l /Y
Haocheng Mealworms Inc ~ F53RFLERY Nutrition
Technologies #1 Protenga M A #@H Entobel
EnT) - ¥8ETE) 2029 & - ARMER HNE s
EERIEIES 23.86 87T (Guine etal 2021) -
MUt BEsREANNEAHREHSAENER -
HR7T ZKEARTS - AstWETAMNESRER
CERARKEER  ESREAcCHERHRRERE
E2BE ENETRERRFESH 6000 B - HE
R 2,000-3,000 i EZRF WM I EL (insect-
derived processed animal proteins (PAPs) ) (IPIFF
2019; Mancuso et al. 2019; Sogari et al. 2019;
Niyonsaba et al. 2021) -
VEBRIEREANEBRNS  BEREBRERE
B MARMUEZER - A8 EREMGFEHE
BT - BERTEEZHRARER - £ERIMA
EESWEBMBEEL - XREBRRINNIAERE - &
BEEMRKRBEFANEF TSR EMAZHFEE -
T3] 2030 £-£VA 50 BAMERELUFES
BYERNEYEm EREN 1 BAW 25
FEREEMAR 2030 FiRHERRK - BIELQLE - 78
TEREREARESNAEUX T ME KIS

(Feed Navigator: www.feednavigator. com) -

Enterra Feed

AEREE

ftll 2 AT EE - B EREAN AR BERE
PriBHRSE R



UZKAEMNS  BMEEZIKEERRMER A
EnifAEABEBILER  HEXESRBECS R
R (EAE AEEN ERkE  BERE-
FRERE - HERLENIFHEUNARENE - 3
FEENAERHEHEEETN  ERERE0LUR
HRNAE[EFYRO - BARIRMRERERBED
AR ZEMRENXIMERE - BERMoIEERERE 2013

FHERXREEAEENAERERNERERKEE -

EEENG T HERNMEXRMS FERAERE
EREERFNENNEENLERIE - IRKREFN
FEBRAIARDFFNEYER - ERNEFEHAIRE
RALERNARS  ROTTAZRHURNE  EXB
PRMAFNERGABRRETEEEHS - B -
HABEMMNBREEHNE—BMAIEXNER - F
ARGERRIGRE - SIRETESRMNG - RiTROE
SEEIE OARAT - MBI (Bos R &R
Bix%E) #AUBRIES - MIEHHREZRRE
NE - BEENEEFR IFEHESEMRE
BHRE (T aERRER 2R ENENENED
MEER  RAZEBEANEEEAEENERRE
BRI ZER AV E -

L

— EEEENTIERYVELZRBICEERMR
EEXRENANERRER  FELESURR
RIBERTENENERBRZITERRE  IEEE
BRATINERES  BRIKERGHEREMH
BERRAKXE - FEFIRE - BREFZREBAR
RIBERRH , B#E  TEZSEBINMERESY
YEVMRBECHNENAESRER  WETARHED
o W SHE—2 B (PIMEREFL TR
=

MelSmBINRED T  ERERER  EWEREB
B EIEARL - KIR) NERYE  WikERNEHEE

EEM - RETEICEBRRREE -

ZaAtARSNENE

il

i3

MEBRERASHIABYVEISELHS
(vector of prions) WTJgEM - BIHEEEEEER
BUSEAUKRTENYESR ; BRERMERARM
KB RERBELEN - BHEYEIERARSE
MHMRIFRIGRRS Mt 1ENE ; RBRIKAREEE S
e R Em (feed commodities) - BN BEHY)
(ruminant) M3ERBENY (non-ruminant) RIR
(EFSA 2015) - BR BB 7% 1 %t % 15 2 1478 47 ik B Jm
(transmissible spongiform encephalopathies, TSE)
FZRERIER  RIERARSEHVEBNERY
KEMMMIEREm: RAREERREEEY
(farmed animals) - BRE[IEHEDFEEY 250 - REE
ERBERER 2017/1017 1RBIPRAINEI MIRER -
Blfikn - IERBEBYNMAR M - KBEQHIFRS
FYNRBHMRBRER #ELREEER - HES2A
BEFRE®E - BY - 2EW - BRI TERM (former
foodstuffs) 3¢iRE & EESL & BISFTRVRIER B )R ER
& BMBALUIMNBIREREmEZE K EORE®RD
(Pinotti et a/ 2019; Sogari etal. 2019) - R VEIRE
ZREMBEFRETRE -

i

= - BERHFE AR E IR 5 B

BEN AT AR - HRERs=nHmSHEENR
Z  REBEZEMSER  —MATISBEREBITEX
IWREEETHE B ; LB LATIRA - ZIRREEBL
RAIEFIRS (NEERanEEEE) REAEE
REAKR HESRKFNBYNIEABRELTE 2-
10 Boo - @BeRBRBLSNERE AR 0.8-3.5 Biot
HEEE (Gasco et al 2020a; Mancuso et al.
2019)- EE  EREARNA AT EESEEM
FBHRMELER - tEBNRBIRIEARE - GAI0E
BNSRTERXLFLEERR  BEHABNHEEES
REZBRE  EaistRREHESIRIEEEHEE
% HEZERSESBEIMA (Finke 2002; van Huis
2013; Guine et al. 2021) - AN FE KA AR EYBE#E

N—ERMEEFEERENIRE - EhwRIE oI
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LR AR ERBET MRS - QEBRRHAT
MAFRERZE LEENAERRERBRENA
BREEEX - Btk e BEEERBRERE -

M- EEREEEEMER

BERRFAEARNERBAN -  MEBE
RREaX D ATEAGTREFENERSHR - 8
RREEEFARBCEENMRMRERSZR - ME
KERRENARRATELEEDHREBMENRE - K
AREM ~ SEMEAS NS EAT R ITER - I EER
ELERECERMAAZE - RARESEREEESE
ERREANHRE -

EKE BEAEYEARNEERSAREHEED.
TRRRENEREMASEAKE - ILEEZBEH
EREMMI - TeERAESREMIESE (FAO
2013) IR EnBEB S CEERM  ESEEME
WS BREENMBERERLRSES  FALESR
EEEBERNEZMER (intellectual property
rights, IPR) EXZEZR{RE (Gasco etal 2020) - &t -
EEMESBARAER X=FIEE BRE-
TERMEESNENAERNTEXRRRRIBER - &
EHEERT —ENHEEXNEE2HE -

h - AR

FHHRERFRERNEREEEEADT
(Sogari et al. 2019) - FIYNER B8 E=FT AR IR 05T R 2
BEMMINIER - olfERKEREEY - EYEMI
K - XBMEREYRER - BEZEZERRIE
# ENERAAHRBSNEECHEKLER &
PEIAE R R ATERERE -

A E RN ERERKBRIREREEEX
HROUEFENARRNES  EHENAESNR
Y (EREER - 2E) B MEAEEMHIRNE R
RERMAES  9AELRRE  WIKERIINERIRT
BEAE AN EREA E-RE-I"- &£
KEBY 2B, ZEEER

iE
HaxE X8

10 ERERREBMERERRE NS

1BEIKC S B MR - WIBSIKACE (D

295 TR - 120% - 9E0E oWl B ElEE  REE

FX el AT 922, 0 2.10 B T KEtH (PR
M 1EytEniREmRm zaERmE) ) - BER
KILERE (B BHRSEVENURRYEY - &
EEXBRERCE  BEKLREEELAHER
REYHER - BRSELERXHER BRI
REXRBEYNEREER - HREBEEYHEERES
WEMMEER R - REEEARIBAKERY -

BIL - THRREZEERN 2021 F£7 B 20 RS
BE"IHERE X8 KEBYZER B8

) ZK
NEE REEEEEREANBEEEHY (XBIK
EEM) SR - DIRFER -
ARENARSERRSEOEE  HEEMSH
EHEMAMNRE  BREEMABHSREE
i BEPHAAEETEMATETESE S L - H4E
BZRAGESRE  ZEageKABREENE
ERBGINT  RUEFETTEIERRZE (1) B
BEEEFTIEREEGTEES (1B 2010); 2) 2=
EakExFHEARER WX E - M) A
® B @ARRmANIIEE RN eERA-
PERA B8 Rigam BERR (ERIEO
B - SRABEERF - HEEBRENIRIREA
ZEEERR  ORAEBETENEEEEHE -
RAEENEEZRFEN,;(3) BERBEEEREL—
WEMGEEARESER  RESEAFSEMT (2R

_»

RIRNEMEE) RETEERNKNERBEIEmAVRE
SRERERSE  EETFEEERRRNNRREE

(RRZEE) tHEHAREE WEMHEEE Y
MEED  BIR - BYER) FrERLRNERRR - &
BIEERER,; (4) REBHFIRRERRES 25
R AR Z RN TR - E=2ER TRABILRE - R

BHAMBATIERRSERE  BRMENESES
[ bR R BRAY L3 fE FRER B AN RE ; (5) s B E SR
BHECRERERIMIE - RitEE  mEHARS
FEERR ; (6) SEHINERERENBIE - $HHL



RERZRY) (BYUREBYURE)  BiR - 'Ll
BERYVAEBSEREZYVEENER - REARE
BEXRFFEEER v EREBREE  RERLE K
RBRER - HHIEEEL -

=+
e vl

oHENHERANER - EREEESEEE
EMSESMEN  ERAKE KB - BMEER
FYOHEERER - BEERAEMAER - B
EEmMols2 a0 RIS - EREAF
ABRBACERREBYERRRNERAERBER
R BHERNEEEBEEXEESRESE 22 - %5
PEE - MREMMUREMARRHNEESEMRE -
AREBRBEES TS AR MERNEREARRE
BRWERHEREE - TEFE/VRE (KEXAN
NEIEGES) - TRAE (FEEEBEEEEES)
BEIBVERLEBYTSHNEKR - ZENAHESRE
jEEl - DieS  AXSBRARBERTE  FRHEE
THERY  CRESEERYDTS  OFEIER
KL AARAR S O LUIRHAIFRE KRG - BEEMmS -
WUERSVERNERERNEENEATHK - FE
FREATERABRLCERBIR N - BEBIEINT
BARSNEERAMERIM - &5  REREAEER
RER EXMERERREKE FREAKIMRHE
FRBNARREEGNEEKE - ARTEREER
FrEENER  HEBARZEZSHVER -
BERE NMERENFHVE EmMNVEFRNEE
BEEY) - WHEERFRERMMBZI - HEFRER
BHEEsSAEBEENRR  BREER  ZTEEU
REKERFNEFELERRNESBRBERE -

L
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\Zh

"
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o
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Current Status and Future Prospects of the Global Industry of
Insects as Animal Feed Ingredients

Hsien-Tzung Shih'", Tai-Chuan Wang?, Shu-Chen Chang?, Chi-Yang Lee?,
Me-Chi Yao!, Chang-Tsern Chen? Shu-Peu Chen?, and Chien-Chung Chen?

! Applied Zoology Division, Taiwan Agricultural Research Institute, Taichung, Taiwan, ROC.
2Technical Service Division, Taiwan Agricultural Research Institute, Taichung, Taiwan, ROC.

® Former Research Fellow and Director, Applied Zoology Division, Taiwan Agricultural Research Institute, Taichung, Taiwan, ROC.
Abstract

Globally, there is an urgently need to find alternatives to conventional meat products, following
population growth, consumers’ environmental awareness rise, and limited agricultural land. Since
livestock production is the primary cause of climate warming, the process of producing or providing
animal and plant-derived protein components for animal feed is considered to cause land occupation,
primary production utilization, acidification, climate change, energy utilization, water dependence and
the lack of fish resources. These effects were mainly related to the production of fishmeal, protein crops,
and electricity production for feed processing. It is necessary to find more sustainable diets to solve this
problem, including reducing meat consumption, reducing food waste, or using alternative protein
sources. Insects are being promoted as human food and animal feed worldwide. The production cost of
insect protein will be lower than that of fish meal in 2030. The European Union will become a major hub
for global insect protein production technology and industrial maturity by then. Even so, it is estimated
that the output will not be enough to support animal feed. At present, the European Union has
completed several life cycle assessment studies for the animal feed industry with different insect proteins
as a substitute for fish meals and soybean meal. It is expected that it can reduce the carbon footprint of
the animal husbandry industry. This review focuses on the crucial response strategies adopted by the
global animal farming industry in the face of the increasing shortage of conventional feed protein
ingredients. It reviews important researches on replacing proteins with insect sources, including the
species and characteristics of insects that humans have eaten in the past, animal feed, the reasons for

the vigorous development of insects and their industries in the European Union, the potential of various

*Corresponding author.
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insects as feed for farmed animals, the current development and bottlenecks of the insect industry for
animal feed, and future prospects. The insect protein industry is a novel and sustainable emerging
industry. Reviewing the development status of foreign countries is expected to provide relevant topics

that need attention in the development of this industry in Taiwan.

Keywords: Insect protein, Animal feed, Fish meals, Insect industry for animal feed, Carbon footprint.
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Discussion on the Future Application of Novel Feed Protein to
the Aquatic Feed Industry

Jennifer Kuo™”

1Grobest Group Limited, Taoyuan City, Taiwan, ROC.
Abstract

Over the decades, aquatic feed products have largely depended on marine resources and soy
production. Both fishery and soy products provide quality protein and oil for human consumption as
well. The world population has increased rapidly in recent years so the demand for food has increased
dramatically. With the challenges of limited land for cultivation and overfishing issues in the ocean, the
need to find alternatives for more sustainable feed products has become essential for a sustainable
aquaculture industry.

There is a lot of research being done on alternatives that include traditional ingredients and novel
ingredients. We now know, the production of most novel ingredients have a lower carbon footprint and
are more environmentally friendly. This has attracted lots of attention. However, the challenges today are
mostly on the availability in large volumes and at an affordable cost.

We have recently seen production technology for some novel ingredients improve, so more
potential novel ingredients are being commercialized and are available in the market. Many of them are
good alternatives to be included in aquatic feed, and one such example is insect meal.

At Grobest, we have conducted numerous animal trials to evaluate the performance of different
novel ingredients on shrimp and fish. The indicators for evaluation we consider when using alternatives
include nutritional value, digestibility, palatability, amino acid balance, fatty acid balance, minerals, as
well as animal growth, survival rate, animal health, and economic benefit.

With regards to insect meals, they are often high in protein, energy, and lipids. With these benefits,
our research show that insect meals may in the future partially replace fish meal. In terms of regulations,
insect meal has already been approved by the EU commission regulation as part of feedstuff ingredients
in aquatic feed.

We must, however, conduct further assessment on potential dangers or drawbacks of insect meals.
For example: bioaccumulation, deficiencies in amino acids or fatty acids, chitin content, palatability, and
digestibility. The above may be reasons why insect meals have yet to be utilized widely in aquatic feed.

Overall, more trials are still required to further evaluate the benefits of novel ingredients.

Key words: Aquatic feed, Insect meal, Fish meal substitute

*Corresponding author.
E-mail: jennifer_kuo@grobest.com Rt RN SR B RRARARAOKERER EXRRA 19



2021 EsREAREEREXF NS 20-22

I

N

F B g it = 3
gy L EER!

THRESEEEENANSEEN A8 Ak -

HE=S
EREEA (FMEAR) B 1973 £ 1 B 12 HHlE AMEXNMIT - &RA—RIEIERETS 2015
F 2 B 4 HEBHAMET - Z5FHEER - GRBEETREIERE THEREFXEZES - MEX
) A5 UHERE BB KEBYVERNREREARZEN (JHEXRE  XE - KEHY
ZER - FREIEBERIER) oo /EDEER - BYHER - SEER AR SERENLE ; 1 -

[ 1]

FEFREERAINY) - RIEEAELE  RESERNMA  REERME  BEXE KB KEH
WA  REERRIIEMBAZR  AREREASERZIFEEUNE (IHEXRE KB KE
§D¢%Zﬁﬁl+—l’/d\\ﬂu¢% —FEIE@%EﬂEjﬂm“UD%) ﬁ%ﬁ’\\ﬂfﬁ%ﬁuEﬂ*ﬂﬁﬁﬂﬂmﬂﬂ%%ﬁ@W

ZYE  TEERGRE - FE - KEFVFRERIERANYER k2 - BIANSER -

R E D EBRIERSERAIIYMRAZE ML 2EIBASH ZLZEAmEER - KK
MEEHAGRVERES R ASERFMm B ARV FAmE - BoFFdmBsENEm
Z HRE NI 2RIBA  EFNEHIERLSE - HERBEHEZIATRSERS - MIFELE
CERmEZER  WEEBNNKERESFEZHRE -

BEEIKAOFBEBER KN RIEEB MERMENRANUEZTERFTE NEBEEQRE
FEEREAELELRENHRE MR AEEBNRE -EABRAFRIRT EXHBRNOUE
BEUNXRMEHRRTE IBAKESVEENGERRR - EHEBEREFRZHE SRUIRERD
AN AERE RSB EYERR TEERNEBARERMN  BEREHRS  HERBE
DRTEENERY) - NIERBRENERNSERERE - FERFBYEERNRHMRENENLR -

RRcCEHREEERIGHMET ZEYEER - BRRIINERSER - B4 - 18 -t -

5 K&se - FY - 440000 4TS - 128 (3529 18) RUKIH (3 21018) SI1EE - Hookr
b BRAESHEIENERERFSREEELNEKO - KX 108 F£12 B 26 HEEASREIHERS
BEHEMRER  BAHBERBEREFLSRBEMEHYERZ2ER R 110 F£7 B 15 HES
EIER " KECRZ(KD) 2 - ERIEIIKNZE - REEEREREARBESMSHRY NS HEE
FREZEHFK

FHESREmBERERRIGERER - BFERMFAREEREAZER - RUOATERER E
A BEEMEERERENBAIERE  RPEMETRE - MFBRIASE 16 HREHFER
IREEGE  UERKEZREERASH L - P BT RE~EESIE -

KRB BN REEREERAMNIN D] - BAERERNER BERERAS R ERE
ARER 2 HE RS EE

s &
@
““}HI

mE}

]jD
f%”ﬁ

FAsEEY : BIRIEIRA - B8 - KA -

- 5473 IN
E-mail: peimeichen@mail.coa.gov.tw WEEIRE AR 20



Introduction to Feed Control Act in Taiwan

Pei-Mei Chen'” and Sheng-Yen Yeh!

! Animal Farm Management Section, Department Of Animal Industry, Council of Agriculture, Executive Yuan, Taipei, Taiwan, ROC.
Abstract

The government in Taiwan has had the Feed Control Act in place since its promulgation on January
12,1973.The current amended version was promulgated on February 4, 2015. The term “feed” in this
Act refers to foodstuffs that provide nutrition to, or promote healthy growth of, livestock, poultry and
aquatic animals (Feed Used for Livestock, Poultry and Aquatic Animals, called positive lists for animal
feeds); Theterm “feed additive” in this Act refers to the non-drug non-nutrient substances proclaimed
by the central competent authority to be added into feedstuffs to improve feed efficacy, maintain feed
quality, facilitate growth of livestock, poultry and aquatic animals, and keep them healthy. (Feed Additive
Used for Livestock, Poultry and Aquatic Animals, called positive lists for animal feed additives).

In addition, the central competent authority (Council of Agriculture, Executive Yuan, R.O.C, called
COA) proclaims a detailed list describing the [types of] feeds or feed additives that are subject to
mandatory testing for possible changes in biosafety or quality level after manufacturing, processing,
packing or importation, in order to strengthen the quality control of feed or feed additives.

Insects are one of the items on positive lists for animal feeds, including silkworm chrysalis, bee pupae,
maggot, earthworm, 7enebrio molitor, Zophobas morio, larva, Tubifex hattai, locust, and soldier fly. In
order to prevent the spread of African Swine Fever through food waste, the COA has announced the
revise of the positive lists for animal feeds on December 26, 2019,about restricting soldier fly’ s food
sources and product types. However, in order to develop circular economy in Taiwan and respect the
soldier fly industry demand, the COA has pre-announced the revise of the positive lists for animal feeds
onJuly 15, 2021, about expanding the range of soldier fly’ s food sources and product types.

In addition, the insects for feeds makers didn’ t need to apply with the COA for such certificates in
manufacturing, processing, packing or import, because the insects are included in positive lists for
animal feeds, but not included in the detailed list describing the [types of] feeds. But those who run the

business of trading fodder about the insects for feeds need to apply to the municipal or prefecture (city)

*Correspond author.
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competent authority for registration. They can start their business only after the registration certificates
of sale are issued, and the package or container prior of feeds must comply with Feed Control Act.
This report will introduce the classification of feeds and feed additives in Taiwan, the situation of

domestic feeds supply, and the Feed Control Act concerning insects.

Key words: Feed Control Act in Taiwan, Insects, Soldier fly.
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Standards Austra lia New Zealand (FSANZ)) #i58
SmiZ#@Z8E (Advisory Committee on Novel
Foods (ACNF)) RBE - A&k - fE5 - RIBERR
ARIFBHEREBNIENEER  EEREMMARE
BIrIERBEMEERE (Food Standards Code) - %
R EMRIEARK - EARRE—RABEEM - 2R
MR RRRNNEMEN BAEERERS - KER
B oBENEYER  AEERSBYER

(Lahteenméki-Uutela et a/ 2017 ; FAO 2021) -

P

[

EPECEAZIRRANEREREER LK
B ERemcEmERE  SExREHRTSAR
BEREEEm 0M4FEEHCRERISEMm -
BALSARNBERARERNERM AR EE - BAH
HERUEMIZE - Ay - 2016FEAAM KGR ARR
ETERAAENEHEREmZR M A EE
(DBS45/030-2016) - EBLEZRERTE F RS RER
FENBHERXK - L - EHNEEFURERZEAN
BREBEWNGE - MTAEBmMARBERARERARS -
OB R R R ZE# (Lahteenmaki-Uutela et al.
2017; FAO 2021) -

Z=E

“#5xE sEFREs=BREMmZE (Food Act B.E.
2522 (1979)) - E2—M%  EERYMEBEMTE -
BmMZEREERF (Food and Drug Administration)
HEAHBEEE (Ministry of Public Health) 2%

HEREEESEEESEEFEE (Halloran et al.
2015) - 2017 F - =B 2% Z (Ministry of

6 ERERARFYERNERRIMNE

Agriculture) B TEIXEEREEmZER (Thai
National Bureau of Agricultural Commodity and
Food Standards (ACFS)) itk EiEm - -Efe
SEBERRMEEERNZET  KEBUNFAM
TREEERE - S—ERSHHETE2012F - B2
HTYBRENEERAMATE (FAO 2021)

SR

MUEsBSEmMERSEMSRE - BERRE
EHYEREMEE - KIBRm)A (Food Act 1983)

Y eEllEsHt SN ESHNIESY F8-
B RTHYRER 28 Ao HARER -
oA (Feed Act 2009) RIS ¥ D R 22
AEBINRE BERERSHETTE—SZEMRL
EHREMI-FMIZARMIN SHEEREEY (Said
& Bae 2019) -

Rl

SRR

BEHEMEREESRES  N20108mMEHREXE
BMZ#HEZE (Act on Fosterage and Support of
ZEENBENABR TIENE
BERPRERARBREERERRE  UANREEA
EMWBRMZFESRER  THEERNERNZHE
EHERETRNWRE - ZXTERESERAM S
BAIA - EXs: - BBERKIL (Pecticus
tenebrifer) ~ Cetonia pilifera (£8BT) « BRIEREM
EMEBEERmE (Ministry of Agriculture, Food and
Rural Affairs, MAFRA) #HRERITELE -

the Insect Industry) -

2020F7ARMEBEERRmAERISEESRE A
BRA 'RE" - WIEmBEmMETEE (Ministry
of Food and Drug Safety, MFDS, 2020) 7153 &1Ll

(Allomyrina dichotoma) 4 & - % #

RE  =HREE

(Apis
mellifera) ~ Bombycis corpus

(Gryllus bimaculatus) ~ BZAT3%8 (Oxyajaponica) -



BHE2LIEESE (Protaetia brevitarsis) 415 ~ S EIE=4)
s2 RARE = (Zophobas atratus) HsaEIERE ST
BEBEMEHE (Korean Food Code) &t A —#%
B (Ham etal 2021) -

e
FEERFASEm  REFEEINSEmEYE

BESELHMERZEUHZIFERTERRBIMETE
Z "I EnERRREE-—ER, NEH "EEK
HAREBIR ZRR , S EBFEAA WS (Lumbricus
rubellus - IRENENY) - FER8) - 1515 - BiF - HEZ
RI%E (Polyrhachis vicina) - MR RSB ETEBRRIEKH
B BE - BE - BBk BEREASAE
D& (https://sheethub.com/data.fda. gov.tw/ TJ
HEREARNSE-ER/i/67/E838 KERIRHE
ZIRH) -
HARFLSEMNARZBEERERZTEE
MFENRSsEMaE - SUEHMEREE - 0252 - 51

BREBENT F KR E &8 (Oritotrachelus

thompsoni) & - DISRIEERI S TG B 22 AL -

ER - -MENE—LEBEAZERMERNBRE
SsRIE - AR E EREE MESES - =
ZEAtCARBEXAENERERETEESE -
FlaN B oKat s 2= & KA (Ptecticus aurifer) B4
@MREBYMHEEANR (Chen & Yang 2015) - B A

SEEEARSREREHA 'R BEZESGSIRERIER &
WRRERABRE - IMBERBERAESZAERE

EXGRERIETRTHELROEBERI - BURME
SEEPIRIEYE (Gryllus bimaculatus) - i 24 By BE o)
BREEHESER - tEmRN—BROEHRE
REBKIMBERKMA "D HEmFERRNEE—
BR, BERBKNMSEEEEEURERERR
mABBE - FAILHIREEURANEEBE - KK
HHEREAERBRER  RETERARSEREL
BERZE  BUNBITERAEE

xd

BENERSER - BHAENSETERESE
ZESEARNERAAME
coa.gov.tw/Feed/Unlogin/index.action) - 3 Ega R}
BIAR1I973F1RA12HAS - &EFENR2015F274
ARMIEIE - E—I8RBRERFERNMEZKE - 8
EEWNRKEBESEZERE  DUEEBRER - 5
BIEARE - HPBERBKEEBENERFEHRERZE
Y (NFRE- B HENHEEY) KEY (K-3H) -
B BEYRE LSRR - ARSEAENER D
RAEE L EYHEN By BYESRSIEMN LR -
2. e B B EMSEN T - 3. #ED
g EYE - #AR  BREBIENTIHR 4. iS5
g - gLl ke fEc B m - 2015612821
FIE "o KEEMZERSENE
F 1 IEEFRY] - 2019F12H26HAEELE - Hb &)
R 2 9O B0E - 0% - 9BIH - dhdsl - MBElsE - K
& 32 (Zophobas morio) ~ ¥ X ~ # Ml - 41 22
(Tubifex hattal) ~ 1222 - 2EYEFI : FEIE/EH
/AN AEs/BREKSR hBinE - - HPE
SREE: MIBRE2.97 KEt JIEH - #8512.10 7 KEEHD |
IBERRINL. BYEREEER RN Zs82BEME -
KESEPELEKEN - FE KK - BESE (Feng
huang worms ; &KL R EE K Z 4Es) - M—EE
IS BRI T 2 5817 - FRIERT & Bl S kbR
MY LM RARE - WHOEPHETRE SIS - i B
BN RN EEE RS BREEERE -

(http://permit.

BRE - RE

BAR LA AEREREE ERETERE - RE

EREAREMNEYMHEERIOEREE W IERR
AETEEREKEER  WRIEERER - FiRREM

BEYEE  RRtTEEfKESYEEKHEMN
EIRMER (F&EE 2018) - MEIA2019F12H26H A

SELE "UfERE RB - KEBYZBEKSEY
Bk, HpiB52.10 ToKEtHy L IRE - BREEY14E
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Review of Relevant Foreign Laws and Regulations on Insects
Used in Food and Feed

Chi-Yang Lee 1", Hsien-Tzung Shih, Me-Chi Yao !,
Tai-Chuan Wang?, and Shu-Chen Chang*

! Applied Zoology Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.

Abstract

Insects are potential resources for human consumption and animal feed. Besides reducing costs
in mass production, the first requisite for customer persuasion is product safety. Legal rules are the
basis of product safety. Legal rules on the use of insects as feed and food vary across the world.
Precise rules give not only the straightforward guidelines to manufacturers but also safety to
customers. The European Commission has approved the consumption of dried Tenebrio molitor
larva in the EU in 2021. This is the first time that an insect has been approved as a novel food in the
EU. It represents the path of hope for the insect as food in the future. Understanding legal rules

among nations facilitate sustainable management of insect for food and feed.

Key words: Edible insects, Food, feed, Law, Regulation.

*Corresponding author.
E-mail: cylee@tari.gov.tw EREANERSER 2BEIMIEERRER 30



2021 BEREANEMEREZRNMNE 31-42

Y

MEMRERABEZMRER

R HEZRET BES ZRAE

IEIPEABRESS - O AP -

l

HE=S
BERHEENESMNEYER BEENMEYIUENBEIOEEY  BEEBREPHES
—ENFERWVENFENYES  BERZNEREE BSBEZRMERE

RE&RGE

PHREZMEYUEENEEFZEBINEENR AMREETEETEE (AHE RAB RE-

RERBRSE) TYBEMR
RITT AR AR L ARENGE

- Hh it giRE

MEMET OB - WATMEDHREZEIBTE A

-

DEEL ZIGNEBRSRIRE (Leuconostoc mesenteroides) 2745 - HEBER

HEEARBIZEENZERERF ZEIURSR ; ILNRMARBIIB AR RNERENFBEE S

ZIMEIRTE -

FASEE : MY - BBH - FH 2B -

=
il

EnRstR YEHERS BERHEESEK £
EANRZENEY - RILEMSRMNMEYEE
He  BLEMEYILENBEEEEY - BERKE
RIEPNESY - el —EUFEEFENHRENY
B% . BAREZWERERE (Engel & Moran 2013;
Beemelmanns et al 2016; Berasategui et a/. 2016;
Jing etal 2020) - FZERCEWAEEEM AT
EEKSENEZIR - O (LSl aEmen
EA - Bl B (cricket) ~ 50

KB (Hermetia illucens,

B & (Tenebrio
molitor, mealworm) -
black soldier fly) + & 1
C(2) BERMEFEYENER - 6110 :
Fa758% (Apis mellifera) ~ R (Apis cerana) ~ i
iR (Meliponinae) FA&&
% QMEAXEER - Bl : FEEHESR (Nesidiocoris
o7 F 9% R (Aphidlidae) - % A ¥ &

(Musca domestica,

housefly) &

¥ (Bombus spp.)

tenuis) -

i BT - IN

E-mail: mcwul2@gmail.com

(Propy/ea Japonica) ~ EEEY (Mallada basals)
% ESRRNASEENEESEBRRREMEIE
HREE AR ERNBEaERBECHEZIR
HpPZEEBEEEBEURENERERRA
(Jung et al. 2014; Kwong & Moran 2016; Smith et
al.2017; Park et al. 2019; Klammsteiner et al. 2020;
Shan et al 2021) -

BRoBMaoHEEBREREEAMS (Food and
Agriculture Organization of the United Nations,
FAO) A1t &R & &£ 4 # (World Health
Organization, WHO) #m4EEER 4 ' EEFEAM
BRSO EREBANMENEZTE  LHEE
BEAZNERIZEES ZMEY  BHRMEDR
TYRKEE BEREEESRIETEHE  LERFEY
BReBRmMEYHSE - BEBIRARER - &%
EHNARERNRZEEBBSERE  MEBH - £E
BiRfE  BEMERNZRZENE (FAO/WHO,
2001) -
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MANEBEMNS - BEAEHEEYLALR LK
HEm=EaEEEES  REEGHRENEES -
EHERRES  BEXEEHERERESR  WRH
ARESERT - MBI EN R E BB ERRERE - B
BENMENHEIUIERARBERE (Boleij &
Tjalsma2012) - EBEZENMRERE  REXBET
HEZMEY B RN EETEBINERERL - B
BEEHSEMREIRFEARERER &2
SRR TERE (Boleij & Tjalsma 2012) - &4 B s
(Sampaio-Maia et a/. 2016) - #5t#EZME (Sherwin,
Dinan etal. 2018) - AL EREEMAHNSETE

BEWNMRER - LESNS - BEMEYIHEE
fREEGERY)  HEEBGEES ; B LIBRAK
HYRHtEES  FEESRYTE, BRCEMRSRE
BREBEANEEEEFEESRBEZERT (Douglas
2014) -

ERfVBEEENGREARNEBEFZ2HEERY -

2R AEIE  (forequt) ~ F 8B (midgut) £ & 5
(hindgut) =f@&5 (B 1) (Engel & Moran 2013)

A EEREERRTUERRY  PEATETH
ERKWE Y - B—EB LEARS RHNE R E
(peritrophic matrix) F18E - S AEMMMARE SR - B
BEGMEYE FRARASERER ; BHRAE
DMEYEFEEE ; E2NFINE (Malpighian
tubules) - IR P EIBMNRFE - HEBRIIKAILE -
IR ERERERIRINEEY) - BIESE AR RBYN
HY) - REEHERAEERRE A LESNE
Bt ARKEDWINGE - A0 . RLBEWHEEES
SHRERE  2'VE  OFRFEEELNERE
MZER  JRREBEZZEMME (Cruden &
Markovetz 1987; Zurek & Keddie 1996) - £ 22#93t
EMEMEZ O LUB RIS S MR LW E
HEITEBBERE (Engel & Moran 2013) - E&/ATE
MEBEBERR—FRE - MPBNEREREERE
FEREz2NERER  BItEMABKE BN T3
BB BIMEMEENRT - BIRBEEEEHHEM
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HEFTEWBR (Mo

lletal2001) - E—LESE

RO ENHENFEFEBBEPNZER (crypts
paunches) - i : ELEBERMWEY B RSREP
BARLENRE  SSaBREEIBMEE - Bilk
R ENEEES (Engel & Moran 2013) -
Bfst ERBESANMEYZEESR24A8
100 MEMEEZEHYERELN 100
(Rajagopal 2009) - MEMRIRIEFZEABY) - &
FORENHCERERERBE - WA
REPRESEFR - BRICMEP-EHEEY
FRAENRER - Al BBBEFRNRENT
HEh B ERE (Breznak 2000; Noda et al.2018) -

WHEEREK - —8(

&

1Z=

or

B
&
(£
KR
=
>

FJI:

2XREER  E0EPESIER (Lilburn etal 2001) ;
EAHEYNE:S  HEEEHUBERRARR
Mg - EBEEAHAENEY(Jahnes & Sabree

2020) - BEZEBKREBE
REE - BIEAEN T

BEWEYE (biomass) -

EE BEMESTETR -

*

(Brooks & Richards 1955) ;
BKE W0 B BB ERREEHEEYEERSE

mEBEMEYIUEY

LEZEBEVESAFRTSRNED  FHIES R
A0 (Callegari, Jucker et al. 2020) - HFEHFEE
B RBIKEE ; hEEFEW (Anopheles sinensis) BziES 7

BRI FEVEFRE (Serratia marcescens Y1) -
WOl AR EAE R RS R E  EEHETE
WIE/R S (Bai, Wang et a/ 2019) ; BB+

% (Parastrachia /3,00/76'/75/5) A EUES

(
EREME—

BT R EREAK (Shoepfia

B
&

Esog

B
*

&
=

=

Jasminodora) RIZREBR - ILEEMERIER 6

B2 EE28 AIERM L ERMEEEE

o 8-20 EH - %4

TRREEWAR - FREMRERNERR - &2
TEBK  HEARERSZSEMBREE  HEHER

EHBMMAEREEREE]

&

ALIEH

)ttFrF“Fr

.l—

DTEEEMMEENENRERNERA - TRED

BEEBENEBEEN
(Mondal et af. 2020) -

fft M %E DNA BEEINEE



(a)

(b) (c)

1 AEERZBERSE - (a) ERBERTFEERE : pils - PBREE ; PHEEERE (B4)  (b) &
BH W=k () EBE  RIE - (d) BEYE B8 - REMABEEHUE - (SIALIEMNE Engel
& Moran 2013)

Fig. 1. Schematic diagram of the intestines of different insects. (a) typical insect intestinal structure:
foregut, midgut and hindgut; midgut has peritrophic membrane (dashed line), (b) Lepidoptera:
larva, (c) Diptera: Drosophila, (d) Hymenoptera: bees. The black dots are the distribution locations

of intestinal bacteria. (Adapted from Engel & Moran 2013).

EamENME- €WE - ¥BE - B§ RRBESRERRNEREEAIFZEENNE -
BN : LP EFFEIAER S M E LRI TOR pathway -

(EBBEES UFEBBEETREHRFRESE - JHFRERENEE
EAEEED - RIE - B+ RWHAREAFRE ZEEAENER NOLGREETHRERNERR.

EEEEN  HEBE  KERAHZEMNTRY  BEEEARBHEIRE@EE (Shin et a/ 2011; Storelli
%2 MELERNMENTEERE  USRETENE et al. 2011; Leitdo-Goncalves et a/. 2017) - A&
FHRARR - BEREREFELIEESNTHAR  SEINZE AP LP HREBHORLRERERNTE:

FENHFHEES  HPBABENAFAMERE BEXEEL  RESRFEBEXTEAREED
(Acetobacter pomorum, AP) K (Lactobacillus — HIERSZBC (Erkosar etal 2013) - WHA LP 4K
plantarum, LP) H ZEERBEBETANTE BMHR AP HEANBUERIEERNFHE
(Erkosar et a/. 2013; Morimoto et al. 2017) - AP A0 (Morimoto et al. 2017) - [EIfF - 83 LP HAE A
LPMEHEERRERBBEAERNALEEE - 2O EEEEANEELTERS ; 554 R
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AP HAERGIETE R E R BT EERECIEHEEEE
RESPRERE  MAEERERE - BEHEEE
BYPRWRIEN = EREE ESHAREBNES

EALER EBBERNEERIRERNSERNT -

EWFHHEERENPT - Asaia BRAEER T
FRAHREWLEAIIEES - EFE - ERMURMMERE
TEZA - LEBI DRI 41% ~ 25%LA K 20% - BZRIEE
BINN BRI D AL E (HERR R ERR) - It BRI
FREBFELRENERBNE N ERINBRHFZ
B8)E (Favia etal 2007) - LtE BB O EBFEN
FREAEEHBEANREMNIRNFIEEELEZ
FER - EmMasa 2B IIE (Mancini et al.
2020) - 5 - MABIZE IR AENREER - 18
FEZEGEREPE ERARZERRBREERN
TEPI K LRIMIER - IRE B3 NMENF TS
B C BRERER (714 NFRE - KMNERSS
(Bassene et al. 2019; Cappelli et al. 2019) -

RN EBEHBEE AR RERMABENE
Al - INEAEAHERSHRMUNERE - SLEEFRER
FECIDURHHERIB ERO M SR AIPENE D - WRIDEEAR
EFOIEEEHMEEMER (Lam etal 2009) ; 1)
HE - BEEANANSRUEEEEERHAmIEM - [
WAERY 1 #ieanss - BB EAF 99%LL &R Weissella
- MBEBEZE 2 RMaK - BHEDP
Stenotrophomonas &, Bacillus B Lactococcus
BEEMNLEA ZREE £ - Ochrobactrum & ~
Pseudochrobactrum B Paenochrobactrum &
SEEB LR Lactococcus BE R ENEZAIE
FIIALEIRNS 3 ieaN =2 BiR - R BB AR EAME/
B - WERILEA OTUs 1€ 1 BeZh=289 40 E s
Ay 200 Ml - 2 iR NB BB EREFENEBIRES
BRI - A B0 22 55 B E AT AV A A A
EAE - B AELERIALKRRBEENHERETE
=F  RERWMERE - ARERERSEEENER
W RN RESERNRNTEHERNE - 85
RENERIRIR BYRBEUAEBEEBNXEEE

B =
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K@ (Zhao etal 2017; de Jonge et al. 2020) - 4 z2
ZRPENEFAEEENHEENRERNEEE -
BEEHHIRIER - i KIEEMRBHERERNRES
RUONARER - MREAROMR BB RIS th 8BS BT
% (deJonge etal 2020) - S H TR KBRS 35
BERMNE  EREEEANHEETEF(CEB2HEE -
HAEPABIEBDRBERARE - BCEHMS
HERFHHRBLERT BB ERE -
£ 3 BEBE Em REHEERNEAP
OIPIBIRMEYHEEREBEINTEEEDE - R
EREH  HEENZSHEFZE THSBEERNH LU
KeEAEEERNRE (Grogan et al 2021) ; IRE
REREBEHH WMEVERREANEIEYWREE
T BATEINGEEER  FTEHXBEZUERERILE
ELHR (Grogan eral 2021) ; RiTRAE - 2iE
R|HAERSHEZIETROREI - TERIBIRE
HHELE (Grogan et al 2021) - H4AEEBHTEEWEER
BNMR  BEEGEPIELEESNEE 76 EE
EZHH AMEEEASHRE  MRESINEEENR
M EDFOBE B RN RN EFTE - MBERILMA
BMsS  BEMEEYLURHEMERAE LABNE
% P EREEENFER - BB oRENERS:E
BERNEREAENRER Asaia B - #EHERW
RARENEHREIBRTERSNUR
(Grogan et al. 2021) - ELEEfiiREA WS EE
FRMEPHEEH CEPEESRNNRLAETRBE -

(D*BEESS

*¥WH (Hemiptera) WES=EBIZEBMEER -
s NEABEREEYHERAR - BEEINNE -
EESETRELEES - BoERUFEERERE
AlREARNYsSE  MEMEE  ESEREET
EEHALE (obligate symbiosis) - HIgHE E N FEE
EMSATR  AEEMBERAZSHRZ REMANE - B
EMHARZFETBNEEE - BRNEMHLER
REPEDZSBEAETEESRE W 4ABR



W E % H £ B
Coriobacterium glomerans 8MZERIVEE ; &&
WK - EREEIVREMESHER (Kaltenpoth,
etal.2009) ; MEEZRR (pentatomid) BINERLERRY
PIBEEMEBHERS (crypt) - BEESR (Nezara
viridula) YRR BI D ERE P BREHEHEERER P
foh - BEAIPHFREREERAIMNERZIIRE
HEITKFEEE (Prado et a/ 2006) ; 5 & &

(plataspid) B9 Megacopta punctatissima &5 EYP

(Pyrrhocoris  apterus)

A

BHH2AHEENERBEIES (symbiont capsules)

GEaFCESERNEBREEINIELE (Fukatsu
& Hosokawa 2002) ; B— 4SRN EEEE S LA
BEBRBIRNNE - REHR (Urostylididae) 1
SWHELEE Candidatus Tachikawaea gelatinosa
BRRBANNTBEWERIPR L - P CE=FER
NEBRYERESHEEEANBRER (Kaiwa et
al 2014) - HEERGH PR K FEEBNERERESR
D EEIR - W0 : Burkholderia X ERFENRTBENIES
b MEBEEIUKFEREEAPREBF (Kikuchi &
Yumoto 2013) -

BERUEZASEIEME—  INEERER
R ENEERE G BELXETRRHEEFENINEE:
an : BEEARL (plataspid) B M. punctatissima ¥&%
MESZ—UBERER /shikawaella spp. RIAEEEWH
b BEHEESEEREFRE MEMIETERE
- BB Ishikawaellaspp. & RREEBY P IRZ B
RREMAAEER (Nikoh et al 2011) ; MiBWIES
(Halyomorpha halys) H 58 R # & Pantoea
carbekii A R B ENTBREBMALER - FHT]
PUBEFTZ AEZTEEY (Kenyon et al. 2015) - bk
TERNEZEEHFENIEE  HEEEEZEBATIEH
Ht B ERIINEE - Bl FERBEELZE (Rjptortus
pedestris) FIEEN Burkholderia B Wi &
HHINEE  (Kikuchi et a/ 2012) - RIRSFENM AR B2
W Burkholderia th @R AERIENRENSE M

% juvenile hormone) - EBEAEE s EIWHNEZET)

&

ot

BE (Lee etal. 2019) -

(=)EE

R (Apis mellifera) MERER EMBEEERN
BEhAE HAEERELISEENEF  HEIKE
TEMMEBEREE 2000 EE£M £ (Gallai et al.
2009) MEEYMER  EFIHEBSHERARN
BMEBEEEP - BHREE  RIEEBEIZISHIE
HERIINE  FZRE . AW BERE - BD
REGH EMZRUEMREY REsSEa8E.
MR ERERSSHERARISERRE -

RIEPWEE ~ BN KRBBERSBEMEY
HENRER  BEMENIUTEZEERER 25
BERANRE ;| UREBYMENRK - BEBEDUE
BBER - - BBRES  E-ENIEBEZENSD
fii - FIZEER - ARRE - RILZEBUEEZKIE
BRFEMEMMARREE  FIUEREEHEZ(ER
X ERDIBEEBEEHSEMmERE  A%EE10°
Pl ERIE & (Rangberg et al. 2012; Katsnelson 2015;
Moran 2015) - ERIEMNAXEMorantft 3 B XFI R

N

s

&

4]
£

HHER 24T (next generation sequencing, NGS)
rERBEEEAN EERNAEREAEIKE-
EME  RREEHE  UAmEERNREEEREY
RR&E & Snodgrassella alvi M Gilliamella apicolas -

B ENAEINERZ (Kwong & Moran 2016;
Anderson & Ricigliano 2017; Bonilla-Rosso &
Engel 2018) - #i%0 : SIAEBEEH(E - 1IEMNEE
(Zheng et al. 2017) - BB S (Zheng et al.
2016) - B’ABEERZE N (Kwong et al 2017)5% ; #h
HAIRMWZEREEAN R I NIEHE P EEBR -

ey ERREER AR EE B 1) (pectin) EWAEG
apicolaPii it - A& P 2 A RO B #4482 Bl o] BB IR Y
RIGEMAE Snodgrassella alviBRH - &%EFIER
RTER N R BB KRIRES - RIRIEREBEETRH
73 #% (Bonilla-Rosso & Engel 2018) (&l2) -
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Fig. 2. Microbial activity in the intestines of bees. Adapted from Bonilla-Rosso & Engel, 2018.

ZRERYPAZERE  Hdw : WAEE
FZ#E (galactose)
HEME (mannose) * Z_ 1 (melibiose) 1R #7 i
(raffinose) =& ZtE# ARG EHH (Barker & Lehner
1974) - mMEBEEN

Lactobacillus Firm-4 -

(arabinose) ~ KiE (xylose)

. G. apicola
Lactobacillus Firm-5 & B.
asteroides=E o] B BN B E N # (Kwong & Moran

- F perrara

2016) - ZRE LI RERRNEZERRS  oJ5%RZ
BEAMZSERBINHRERHEARNERMA

(Ellegaard et al. 2015; Kwong et al 2014) ; B.
asteroides M Lactobacillus Firm-5 BEBERRE
MAREERENERAE  BERAERANEERT
BIBESE - Bifidobacterium spp.& Lactobacillus spp.
BREAEEEBERZNEBERSAMEENER
(Ellegaard et al. 2015) -

BRyEENH 2 - HREZMR T RIRGEAR
HolHHRE--»wE AR BEESHNER - AU
EBEIDr. Jay Evanstt REIX 3R S. a/vi OI3EHEE S
EBEREAHKENBERGEREBE L (Katsnelson

ERBRARESMENERR NSNS

2015) ; PR K E X IR B BB P8 Bacillus
subtilistl I BB EM N HmHEERENER
(Sabate etal.2009) ; =E1Dr. Vanessa Corby-Harris
MAZERIRPL apiumo] LI B W\ MK F =
(Corby-Harris etal. 2016) , ) Sifu 1B 7 B X
BIRB. subtilisEA—EAEFREME (Pseudomonas
fluorescence) BIBXNINHIHZERAEEE(Omar et al.
2014) -

HMOEAFRIRERARTASE - REBE
HEENF RS CESHEREERENERE.
ABEESUEBERSRKE

mesenteroides) EITEENL -

(Leuconostoc
- ZE O EEIFDA

% (generally recognized as safe,

e RARE
GRAS) H&EH - I BIEEFTNELEERRE
(gualified presumption of safety, QPS) &+ - H
SETHRREZESENAEZE AR
KRB KEEY Z RN 4 FFIPF D BERIEZAR
HEARENMTES

MA (pH5.0) ~ ATHZERE - HhEEIHER

HBRE-

B2 (50% sucrose solution) -



BSEMEELE - o0 FIRENE - KE - F2E - BERE-
B REANRIES  EIEAEE - AN BERE
(malic acid) ~ 2L (lactic acid) - E&B8 (acetic acid)

M EE B (ctric acid) & - E BN S BE 2

(exopolysaccharide, EPS) ~ #l#IEREEM 0 2258 R -

URBEREEZENRE  JRIREEZEBN SRR
BREFRE ; B9 2ELLRLZRE  BMASE
HE ; BUEEMAMIAREKS  REEE  RRZE
OR—RKABHES—EEER  BBEBEEENSX
RAHHEL £ MUAHSRE  BEEE(LIF
BARK - zMAMREKREE - EFEEP (Huang etal
2021) - IRIBFHEREMFTE XD IR EEHN AR
REHZBEEERAEN  HRERENBGEEAS
StbflLeuconostodBE - A LI RIZ BRI E
O AR EISE (Budge etal 2016) - HiMHtE
IE¥IR L. mesenteroidesfF iR BB EREBERE D -

RE

EREMEVNMAENZIER Ry rRES
BB RS ZEARME RS - ERERT R YR
RORNFERMZRRNMFEAD - E2MALEME
VMBALEEET - Il ERRREREANAE:E
ZEMEE  AMBEEREYD - &R EHRE
BE - ERSZHRUNESMENBENINE B8
DERABZERIZELERBMEYERE - ZERM
EYRASER 7 ERME REREER)  BEL
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Abstract

Insects have rich microbial resources. These microbes from insects can help the
host decompose food, degrade compounds from the environment, synthesize some
essential nutrients or resist pathogens, and have a wide range of potential applications.
Many studies have confirmed that the microorganisms in the intestinal tract of insects
can indirectly or directly affect the health of the host. The researches in our laboratory
mainly focus on biology of bees, including honey bees, bumble bees and stingless bees,
in which the intestinal microbes of bees are isolated and the physiological effects of
microbes on bees are analyzed. One of the isolated bacteria, named Leuconostoc
mesenteroides isolated from the gut of bumble bee was introduced and shown the
characteristics of L. mesenteroides, the effect of its fermentation broth on gene
expression of bees and the spread of the bacteria in the colony in this article.
Additionally, we also introduced the microbial researches from insects of Diptera and
Hemiptera.

Keywords: Microbes, Diptera, Hemiptera, Bees.
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Table 1. Anticoccidial plants and their modes of action.

Artemsia annua/A.

arqyi/A. asiatica/A. afa

Dichroa febrifuga

Sophora flavescens

Sinomenium acutum

Q
S
S
IS
Q
=
&
3
SN
Q

Pulsatilla koreana

Ulmus macrocarpa

Gleditsia japonica

Melia azedarach/M. azadirachta
Piper nigrum and Urtica djoica
Lepidium sativum

Foeniculum vulgare

Morinda lucida

Commiphora swynnertonii

Moringa Oleifera

M. stenopetala

sieberi/A.

Petroleum
ether/decoction/acetone

extract

Chloroform extract
Decoction

Decoction

Decoction

Decoction

Decoction

Decoction
Decoction/Fresh juice
Ethanolic extract
Ethanolic extract
Ground leave powder
Ground leave powder
Ethanolic resinous extract

Acetone leave extract

Ground leave powder

Et

Et

Et

Et

Et

Et

Et

Et

Et/mixed species
Mixed species
Et

Et

Mixed species
Oocysts

Mixed species

Et

OC|,BD|,LS|, M|, FC?

WG1t,0C|,BD|,LS|, M|
WG1t,0C|,BD|},LS|, M|
WG1t,0C|,BDJ,LS|, M|
WG T, M|

WG T, LS|

LS|

LS|

WG1T,LS|/0C|

ocC|

OCl,LS{, M |, WG
OC{,LS|,M |, WG1,BD|
WG t,0C|

OCl,M |, WG

WG t,0C|

OC|, LS|, WG1
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Origanum spp. (oregano) Essential ol Mixed species OC|,LS|, M |, WG
Laurus nobilis (bay leave) Essential oil Mixed species OC|,LS}{, M |, WG1?

Lavandula stoechas (lavander)  Essential oil Mixed species OCl,LS|,M |, WGt
- Musa paradisiaca (banana leave) Methanol extract Et OC|,PCV1?

Solanum nigram Decoction Et WG 1, FC?
- Mentha arvensis Decoction Et WG t,FC1?
- Mangifera indica (mango) Decoction Et WG t,FC?

Tulbaghia violacea Acetone extract Et OC|,LS|,FC?
Vitis vinifera (grape) Acetone extract Et OC|,LS|,FC?
Carica papaya [ Vernonia

) Fresh juice Et WG1,0C|,BD|, M|
amygdalina
Galla rhois Ground powder Et OCl|,LS|{,M |, WG
Q. infectoria, R.chinensis, T.

Decoction Et, Em, Ea OC|,LS|,M |

chebula
Bidens pilosa Decoction Et, mixed species WG1t,0C|,BD|,LS|, M|

Eimeria species: Et, E. tenella, Ea: E. acervulina, and Ema: E. maxima .

bOocyst count (OC), Body weight gain (BG), Gut lesion (LS), Mortality (M), Bloody diarrhea (BD), Feed consumption (FC) and Packed cell volume (PCV).
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Development and Application of Functional Phytogenics in
Feed Industry

Greta Yang?, Tien-Fen Kuo?, Ren-Fu Chung?, Yi-Shan Lee!, Chuan-Ju Lin?,
Wen-Yuh Lin’, Yu-Chuan Liang’, and Wen-Chin Yang"**’

lAgricultural Biotechnology Research Center, Academia Sinica, Taiwan, ROC.
’Herbal Medicine division, Academia Sinica, Taiwan, ROC.

3Translational Medicine, Academia Sinica, Taiwan, ROC.
Abstract

Phytogenics are composed of a single plant compound or a mixture of plant compounds. They can
be used to prevent and treat animal diseases or improve animal health, growth efficiency or
reproductive efficiency. They can be developed into animal medicine or feed additives for use in
animals or their feed and drinking water. Phytogenics are currently used in 5% of animal feeds. They
are valued at 1 billion US dollars and, thus, there is huge room for growth of their market worldwide.
This article reviews and discusses the current status, industrial potential, and research and application
of phytogenics, including the types and characteristics of phytogenics in the current market, efficacy,
and mechanism of the phytogenics. The con and pro of phytogenics in animal feed industry are

emphasized and discussed in this presentation.

Key words: Phyotgenics, Feed additives, Alternatives to antibiotics, Antibiotic-free farming, Animal

health.
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BHEEAERE 60-70% ZESWEMR - BAS
AR 3.5-7 Bz ESRER - KEH - /)
FHEIORERK - MEMNEDTNEEZEQAESSE
55% RamfiEm BAFTHAE 12-25 Bt
(Mulazzani etal.2021) ; EEEEZ N 7B R EmRE
BREAT 6 =515 BKUEREBREAT 25 =

70 (Llagostera et al. 2019) - I B s BB ERA

\Y

E:E
i3

EaEi zmiSaTiE

MEEHMNETBEE Y B2 RERE ol FRAMNK
EEEEN  BHEEHRESRENERRKEERR
ZESEEREMEY - N3 - £% (Verbeke et

al.2015) - B KEREERSERNBIRESD - B
ERBERBELCRE  KERBEPHEEFNZEREZA

o

NEXE  HEEZHERARNBEERRERRE - LU
KERERZEENANE  HEERTEESER
ZBEFERBRERITHY -

(—) FERERBAHESERERR

KEBEPZEAMENREREREFFEPER  H
EaniRmEREBAEFEEFE - Verbeke et al.
(2015) EEZRFEWFHRREEZNERHRAA
FEFEAAL  BIREREARERRBRRINEES
BERYE=EARNAEEBERALEMREMEASR
RIE ;, REENEFEHRARYESERNOFNREIRE
ES - BiiEEWFERERERERIMUEEEES
BIZEREN - BEIFESIDHHRNRERER -
EnREAREEXEY  E&5EE EBENMEYZEHY
AR BRERER = -

Rumbos et al (2021) BB ¥ 4EEaHRKER
KHEEKESERFTE 9 X EENERERS
EHFEAER HPE 4 REASEFERIHER
PE-E 1 XERARR - BREEAMERAE a1
OEASSHERBIRBEREN - BMREIMMHRE
R ESEHEXEN , MAZEBERNKE - RIRSE
ERATGEEEREAREESMES  UREEEE
NEZEERRE

Mulazzani et al. (2021) L FEKEERBEFZE
ERRNEF - BRyZEERERS  REREE &
RIBRYURSLEEARREM  EEEEETRNE
TERBASEERLEER  RITARSESEIRS

ERfONEEFTERERENFEMRE - AEKERE
BHEREBT SR EKERBEFPIERERE - FE/N
BAREmERERENEMSZIKERERF - BR

ACEERTEDNAERNEESN  Fit5Es
RAEREEANNANE  RARERSE 1
TRREREXEEFRNE - BLCERNETH 2
NEREXEEE 2 ERERE ; BEEREAZK
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EBEF AREEZENS  ZEAZEHYEEY
BEER  BREEmZHEREHER  FTEES
BEERSE  BEARBEFEHAERERSREE -

(D) HEEHE SRR,
HEEHERANBEEZERNBERRE  aX&E

KEBEFPEAHREGERAESREN - EHEEES
BREEERNZRCOFERANER HRARNRERETER
[ - Mancuso etal. (2016) ZRE(LHAERER AT
277 MHEEH D EREARNBBERER ZERE
90% ZRHEHNRKEKEREERAREZEES R
- 90% R EHKEREBEERPARAMESMNITIE
HEE - 76% MEEECRAINEK (Raak) &E
HREmM 23.8% XSHERREIRABHBRISEY
R Em - BRMERBIRARBERA - PR
EHRSERBEMBEER ;, MHEEAREBEN

REA - AIEERZAE AMEEREBREUKNIBER
grEmmE -

Rumbos et a/ (2021) HE#ER -
SRHEHRESARSESERFERE  71% =
HERERE  REREREREREELRZN  H
RecPEBERIEREN T LR HBBHNES -

Szendrd et al. (2020) 5 - WFFEEEREE
B (free-range) FNEAEZHYER - 8RUE
s PTEENENY) - T NEEEBINERRIES
thEefE:s: BREER/IUHEERNEN  REH
BRS17) ; SE—MEEEA Y RERHBERIRES
E HitEA 7 mERENEESRENEKERREY
=% - WIS EBBELERGEREESVNEREF
FHH - RNERRLBAREREE -

Llagostera et a/ (2019) LEERFEHE - AME
KETE - HYMEREE  EamENEERERZ
HEERMER  BEPUFLEHBES 2346 B/
N EYmeER (17.20 Boo/AfT) HEEsSpER
BEZREM (1639 BUT/Af) BAYESHELI - |
e EEREM (11.86 Bn/AfT) &8 - A

67.6% 7

7 ERBARBSMENERR NS

HHBEHEBNBEZRERARESMRE | SR
—EERNEESAHERE (REEHE) 2828  F
=NEEHREZEBRE  BEREM
BEXmENH  RSMBARREREARNBEZREM
OERERENEESRAK -

(Z) AU ERRS

RAWREZ KEREFEGHEBREANNER
EE  MeERrRazRREEESENEE &
RERRIEEERIERE - Arru efal (2019) &
NRERERBEPERON BHERNANEEIE
K (1) BRERERD IR SR EaERBIREER -
£ (2) ESERERSRARNERER T  #AEMUEE
=2 AL 50% R - RIERMEMIEI 197.3% - &

\\

BERFEPNG  HEsSNEaNEERISEREAT
1.85 Byt FEEZE 1.68 Byt - 5 Mulazzani et al.

(2021) ERRE=MENRN AT EERBIRE. LY
FHEBEZRZBEMARBRET - GEMEEMEUT
50% ffn - KESEKENEESATEM 25% -
migREARNEESATEM 28% -
REKEREANEREREAE Z01TH
RIBAEE R E 2020 FREMERTFE @R
BEHRAERE X8 KEREZERUCERERRENR
- 2EERNEXT D BBEKEERMEDER
2020 FEgMERNREXHEEBR TS HE
72,776420 Tt - HpKEBEGREZEREH
B2 R
A nFEMFERERREPSSEED (8 1) - FKE

ik FEEOENR 2002 F 230,740 AW T EZR
2020 F 132,187 nliE (B 2) - #HREHE - EO2F
BREAREAT 064 7T IBATHAE 192 7T
(WAPE=R 30 #258) - 1BINZE 109 F8 AT 132 =7t
KEAFTHE 39.6 7t (MEXR 30 #5) - 18 £

B 106% (R 1) - (BBRE S P L EM
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Fig. 1. The trend of imported quantity of Taiwan fishmeal main importers
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x1 REEORNIFEEES

Table 1. The CIF of Taiwan imported fishmeal

_ 3R B HIEE
FEFETE L (FRa®s/AFT)
(=78/ )
BE=R 30
2002 0.64 19.2
2003 0.62 18.6
2004 0.69 20.7
2005 0.70 210
2006 0.89 26.7
2007 1.01 30.3
2008 0.95 28.5
2009 0.94 28.2
2010 131 39.3
2011 1.29 38.7
2012 1.22 36.6
2013 1.36 40.8
2014 1.32 39.6
2015 1.44 43.2
2016 1.36 40.8
2017 1.29 38.7
2018 1.40 42.0
2019 1.34 40.2
2020 1.32 39.6

ERRRERES D0 2021 £ 9 AEHHEAFREE

REETENBERBTD  AMREEERERY
RBMS - RIBRFERTFR - 108 FLVIRER
FHEE 25,5795 A - LERPEZE 40% Rkl

- BIEOMREFRNHTBREEMNS 10,2318
P - BELAMWRER PR 50% S8R RN
B - Bst AR aRaeEk 22 FHEKERGR

59 EnRERRYERNERERMNE

5,115.9 72 -

aEfRk 2020 FEOF9IFER  8AFR
39.6 TTHE®E (R 1) BEAREORIRERYRE
AR BEEMMER 2020 FENERZZWE  H
RENRFEREATHaE 432 v MRELRE
ARr#HAEE 3517t (R2) -



& 2.2020 #REEORMARMRER 2 ENSEREE

Table 2. Imported quantity, imported value and unit price of Taiwan fishmeal main importers in 2020

#EOE EOS ] =
#E O ARIRE =R o B A/ AT
(F=m) (A Mg) (ET/AF
BE=R 30
WE 33,331 23,193 144 43.2
fo] = 18,891 14,104 1.34 40.2
=l 17,864 11,671 1.53 45.9
HZ 11,758 8,243 143 42.9
£ 11,381 8,648 1.32 39.6
= 9,722 7,494 1.30 39
B 9,615 5,589 1.72 51.6
fo] AR5 7,720 6,921 112 336
0 ] 7,576 6,247 121 36.3
& s 5323 3,918 1.36 40.8
B 4,037 4,385 0.92 27.6
ZRE 3,997 3,415 117 351
JERE 3,824 3421 112 336

ERR: BRE 550 2021 £ 9 AEHEAFTEE

EREEANERTEREE  HERARRER -
EULAER " R IR D B EREESHEE
Kaggx, « "TEsRmEQBE8HENAER, MUK
FERERHE I R AT E EENEE BRE T
HEAMESHIMA A RER TP 50%8mHE%E - 8

BHEREME -

BMBREZEmEE SR - KBRA - BAFE
‘AR 3.5 Bt ®E 7 Mot 2@ (Mulazzani et al.
2021) AMUE AT 3.5 BucRaat (MEZR 33 4
& BRTHAEE 1155 1) (EREERE - B
R BRAARAER P 50%R M ERE (R
PEMIER 40%)  ERMBATAMEE 43.2 7T
(WBEDANTFHIFER) BHEEEBAMT
53.17 mZAMRERIKBENBENIXERES):

Ay

FRERMNEIE 50% R ERER  BRERESER
NTHHEY 67.63 70 - 180 27.2% -
EARRATKE LAEESERERE 2030 F84
FrEMSOIfRE 1.5 Mo E 2.5 Byt 2@ (Byrne 2021)
PgAFr 1.5 Bt (MUESR 33 85 - SAFHa
49.5 o)z Rs=MEK S0%BMFERE 2 AREER -
HERURESATHMA 5443 735 -
HEERERMERHES  AEHRIK &Y
BR - ESNBEAEESRE  SFBEHERER
ROIBEZ ANBRREERA - BMEEFHRED - It
o - BRER R - OB EFRREREEE R
H - S ESRNTERRRERE R REBERER
DETTR  BARRERMMNEE  FREEME
REEMBEBEES 2 KEAGER  TRNERES
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AmE R
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RREFEFEREOSE - MEFEXERE - BH
mEsnAEHS flsSEEERKERERERH
EVAEN REERERNRHHEERRS -5
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RMAEYETZE (Van der Fels-Klerx etal 2018) -
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HEZEWEZBFA (Bruhn2007)- HEEARERE
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BARE - AEEREmERESERNEEMAESMm

BHSEE HRFECREFTE TERERWKE
PUK BI8E & (Rumbos etal 2021) - E18
HAEERTE TBRERERNEIREKERER
BRKEY  URRABERERERAKZHER -
ZHEEBESEEESEM (Naranjo-Guevara et al.

B =z O A
EI_U_I:IEI

2021) - HEHEZEENRWANIREREMR
PIREFMGRZANZNE - JEREEEZHEmAIR

B RItEEEEEBEERERNEREN - &
THEEEREEE SR EERRKEREE
HEIERREm °
FHKERBEFPERAERERNSEHERRREREXR
AEEFE MKEBEFPEEERENNEERR
AIEEER - ERNER - THERRSEREE
BUMMEERBRITE - AFRABREBEFFES - AL
EainRKERBEER PR OE - BRERERS
SRt B AR AR EIRER - ERREREREBIRN
REE  ERNERDNESSE gRERPUE

(Arru et al 2019) - S KEBEFLEEREEN -

1 ERERAREMERNERRIMNE

oS tMEAERERNEME  EREEERE
@Rt AERERARERTEE  HRARERA
BREFE EmZXEWERRE HEZERES
(Rumbos et al 2021) -

&% - BaRmRosnEREMTKESREER S
sl - BERIDBEEMBERRD - HiIRARESR
ExmABERFEAED  RHItHARREERYMER
BEAMNE ot 2R REQBRRERK 2 ERHRS
RItEs=EmMINEE -
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Insect Protein Development Potential Analysis in Aquaculture
Ying-Chen Lin*" and Kai-En Chuang
!Agricultural Economics Division, Taiwan Agricultural Research Institute, Taichung, Taiwan, ROC.

Abstract

The consumption of fish is growing globally. Aquaculture has been predicted to provide 62% of fish
for human consumption by 2030. To improve sustainability and profitability of current aquaculture
practices, management of production cost and use of high nutrient aquafeed become the major
challenge for continue business expansion. Fish meal is the main protein source of a farmed fish diet.
Due to the limited marine resources and increasing demand in another industrial sector, international
fishmeal price has been increased for a decade. High price fishmeal is a significant burden on aquaculture
farmers and aquafeed companies. Therefore, finding new feeding products for partial replacement of
fishmeal is required. There are several options of alternative feed protein sources include plant based
feed, insect meal, earthworm meal, single cell protein and biofloc. The insect meal is more favorable
following with Sustainable Development Goals than other options. Due to insect farming needs less land
space and water than farming traditional livestock and cultivating soybean, processed insect protein is
considered as a low environmental footprint protein source. Additionally, because attention to
sustainability and sustainable consumption has been increased, insect aquafeed has a high potentiality
to develop. However, ensuring insect based aquafeed economic viability is essential for business
development. Economic viability assessment is in terms of acceptability of farmers and industry
stakeholders, consumers’ willingness, and cost and benefits analysis. The price of imported fishmeal
has been rising for decades and increasing pressure in feed industry manufacturing costs. Therefore, the
use of insects for feeding farmed fish represents an alternative to reduce the dependency of fish meal.
Moreover, because of nutritional properties, developing insect-based additives to improve the health of
farmed animals is a strategy of adding product value. In the situation of fishmeal price increasing and

attention toward sustainability, developing farmed insect and insect protein is a viable option.

Key word: Insect protein, Insect feed, Aquaculture, Market viability.
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AER! EME! ghESt

EERITOIEE

=N

EEARBIERESMAE - 88 adh -

HE=S

EREAZTESUINERYE
KEBHZED  BEEELE  BYERUE

CERERE  ENREMETR - B

CHRRIEHE

MREBYERNNERE
2R AERCHRBBRIBER

RBYMEEBENRFELZ— - HREREHIFESHLE  BEAFNERE - NRRYEHRINAHE

@ HRZERESE
£ - BEMElE

(Tenebrio moliton ~ BKYL (Hermetia illucens) ~

SRANERENY - TRUBUNRNAERER - AXHHEAEKRERNERAE

KB (Musca domestica) ~ &K

WEIE (Acheta domesticus) REWBREEE (Gryllus bimaculatus) - EBHAEESE - t9E81H - FROP
KEER AEEERE RSERWERN  RHESASWEERMAH - BhBESERKERE

ARHEREXRZER -

BRI - BRlER  £EE - EERE -

=
il

EIKEBRER®E - AOBEEM - RREVE
KIESSERENLE ER2ARAEMEZNEEEES:
AEEENESREEAIERBRLZEN 346-
74.4% - 18PERE% 5.8-33.7% - BEEZHEHIRE
f&7E48 (Barroso et al 2014) - B4 - EREBEEFSE
RRE - BYEBRYERS LEMBENIMEENK
HFHRREEREVSES  FRERBREEUESEF
BERELENZERE (Mleek et a/ 2014; van Huis
and Oonincx 2017; Govorushko 2019; Cadinu et a/.
2020) -

kAR EEERIRERBEHES - RERHS
TS FAEEE ( Mordor Intelligence ) &t 2 k&
KARSRNEHE 1K 2018 FEBESR 6.8 E=TT
2024 F0)iE 139 %7 - RBRGEBIEIDA

i U5 -IN
E-mail: insect6925@tari.gov.tw

EE I -

s &R MSBYRERBNERERNE - BRE
B 2017/893 £ # (regulation) BR 7] B 7K 4
R (Musca domestica) ~ 3
Sh oK BE & 1T 8B
xR W & (Acheta
domesticus) ~ HiRBEEE (Gryllodes sigillatus) A5
BENNEYE (Gryllus assimilis) & 7 BESZOILUER
EMER RN MIEE " EREEE, PE 3 K
% 1 HRREEN M e o] DUE PR B YR - 2R - B8
MElss - KA&Es: - FY¥ CEREERMBEY
BRI INE - ERFRE KR 2 22 DUE Y M B R
EREMRM 2288 -
AREFERARENAEREXNBREREEE
% RUKI - RIE - RERERZEENEER - B TE
RERfEEELEENNEN  ERAE
ERMEIIIEE - HRNERERES  KEERX

(Hermetia iflucens)
B & (Tenebrio molitor) ~

(Alphitobius diaperinus) -
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BEAARNEEEE  NEHEREAEBRTEE
ERER - EUEBRIEZRNES - RIHE AR
BENER  FMRBREARESZEMANEERN -
AERE - BRIV - RS RWESHE -
REREEEREENES  NEIHEREERER
ZERHE:  BEEEESNAERKMN - MEE
AR ERERRREROMEER -

g B B E ERR A

AREEABNWEATREZ — - B R REERMEIIEL
BEZME7 . fAEE (rearing area) D EEEAETEE
(separation and sorting area) ~ /53 & (cleaning
area) KRIEHEE (compost area) (Ortiz et al 2016;
Cadinu etal 2020) - flEE R R=EAEERIVES -

ERENEENZEZEER  BESERTEHIIRER
fE - EXreEaElas (B 1A) &Ky (B 1B)

PmEMBRIN S AIGETEE - JENERES
HERVREBRBNKERE RS THEARZER
Ttk (B 10) EBBEREREY) RIDRESEE

EREERERER ;) IS - EABRRHNKD RERRK
BUEREERER FEWERBREESE - DBK
MERER I DECWENERES - LLLIEEIE

MBS ERBINEEBWERE - Wt Rt
R RYAERSERHYE (B 1D) - - BEERS

BREGHERRBEEESRE - EERAZER

ITEREREZBREBYNERY  SESEER TR
BRYRIFIERAER - LUIRFZERRANBEMN (Ortizet
al 2016; Cadinu et al 2020) -

$H ¥l B —5 61 53 65 & F il
BIff CEWHERNEBRNEREEEES - KK
BRIMREDS TR - E3REIEARNEREERE

#1788 (Tenebrionidae) - L TR RNV EREE

65 ERERAREVERERERMNE

B NRCKERYHES LFRERNASERE - #
HTaRNRNZENEESNAAL - EREANALER
SYREBER  TEBLIEE (wheat bran) 1E&E
BEE - HPPBE2NERAMERAEZ (B

2A)  ARRBHEERHUBBLTHN EREERIMHN
HFE - SRBWT -

MEsREA=REARAEREEEE LEI - e
BEEESRINEERVEED S 7ELHENE
KEmReall  JERRERTREERINIR - &
%R INBRREENOY (B 2B) - BAEEEERIL
&£ 850 um By 20 SRERAE - IRERAS FEBERBRIERE
OIEE - EfFp s EIREE - MmaEEINRNRE
BER 014 E/cm’ BEBSTERENURTE -
PHEE 2-3 BRNEM 2 EZIN WX &EE (Morales-
Ramos etal 2012) - B RINE LR R I AL 23 =P &
EBER 084 &/cm’  ENHSEEINCERE 6
d (Berggreen et al. 2018) - #4245 EAf9R - WAL
ENR 0.14-0.84 &/ cm’ A&RE - bk 1-3 BE
ORI EREE -

4= AE BB R - 14-18 (EEHRERA -
HItRBRETE AR - GPE 5-7 d - 215 8
129-216d - FBEEREE S 25-27.5°C (Koo et al.
2013; Kim et al. 2015; Morales-Ramos et al. 2015) -
BRYREEXELEE  BYNEEAITEEME
HMERNER - FEPMABRENDHVER
O #4E5aEc 8 (Morales-Ramos et a/. 2013) -

EsR=lNEtER TNeZEREIEY
FEURYAE  EPUEBHELERFERERE
(Rumbos et al 2020) - F It E & B 22 ZE UL E RS
TERYEE - #EEEEPRIHATERERNESR
S KO RBERERBB+0EE - HigKE
AKWERT  BEHRAKENECSBEEER
BRE  MEEZESRE (Urs & Hopkins 1973) - fE%
KAHRF B EY B RHZREERES - LB
EMERHENERRNNFEEY) WASE BB
A ZEEEAER) WEER B rlNENmEEYNEE s



BN 40-46% MAERE - HILUHMEHEEY AEEE
B Ao EEHRE (Liu efal 2020) -

BEITRRNEE - NRBERIBINEEM SR
BBEWME  BYEBRYEREZE (Morales-Ramos &
Rojas 2015) - #E—FIEMELRZIRBEEHME - TN
ZEERLEHEATEHNRELEIR (Weaver &
McFarlane 1990; Park et a/. 2012) -

EAREEEBRET - AREEREARERZEN
158 BEIAEREHNCIRMEE - W AMLNEE
To8E - BERE—EE  BESWNBRERE - o
EAFE 3.5mm /Y 8 SRERAE D BEYE - SEEED
EATEN 88 - BURERRANER - BRlE
BoMORECAARREHBEARROBERE (zig-
zag air separator) KO Et4N - BY)EEEE  EAM
BMBTERRIRMRMARKEE CEENTE
(Kroncke et al 2020) »

38 B —R 7KK X W 8 & il

FROK ot 88 8

Kt E R e @B (Diptera) K 4 &
(Stratiomyidae) WE 22 (B 3A~3B)  EEZN LR
HHDAGIE ENRERRESHNEESREH:
MAFBREREAMSEEK - JLUENEINS - EIPSE
MAEEm (Macavei et al 2020) - 2KICEINRE
MEBMITRLED It KSEET - ROVEHER
BNERAENERERAA - BHARERXEARK
MR E51T4H (Lekking behavior) - TRENZE M EE S
BRETAAKKETRE (Tomberlin &
Sheppard 2001) - B A ZE 5P 35 38 {52 FR B FE RE A B 4
FZ20 1.0x1.0x25m U EZERE (B 3C)  mEW
AENEEFEINR (Kim et al 2016) - BEFEAAK
gL SRAR (B 3 D) ~ #EMARIANR - HEKED
SEANAEEIK (bioball) MBRINEEE - #FHEKID 2R
BHERBRNERE P SRE - SEEEAHE
HIEIPMR (Sheppard et al 2002; Dortmans et al.

2017; Hoc et al 2019) -

BRI REUBSER ARNEEZNEY:
HARBECKARAMNSEESENEYEREY - BR
HAEEEARESNARYE  NEBNERE - BY=iE
MR EERY) B8 ToRKEE BB M P 2 i
EEEBN KD ZERBENR 60-90% - EA[EEE
BEEEEN  aENEREAEEHEHMERYIIRE
ZAEE (Sheppard et al 2002; Myers et al. 2014;

o

Nguyen et al. 2015; Barragan-Fonseca et al. 2018;
Gold et a/. 2018) -

MBREGEERERS 25-30°C - HEZEER
70% - EERBBENIRIE - X 25 M 30°C (REEE
N RIS 32.8d M 247d - WBEAS 22.3d
M 13.0d - pi=2=ar4 10.2 A 9.2d (Shumo et 4/,
2019) - FEKECRIUEE BJ LU A A0 98 2 Bl B R R VIR
REWRAS 1 - ¥EREEETIFRH AL X -
B ENE B EAEENNNAER A (Dortmans et
al 2017) -

KB E 11l
ZFWRBEIRKEZ2>THNYE BREWDPE
(Diptera) KRl (Muscidae) - £iE£58 - MBHALN

8-10d - EHEA%Y 6-7 d (Pastor et al 2014) - i =2Ed
Bl A gIHs - s ZE KBS M (Shipp &
Osborn 1967; Pastor et a/. 2011; Pastor et al. 2014) -
REANIUEABYEENZ BBNESFENE
YD (Pastor et al 2011; Tang et al. 2016; Hussein
etal 2017) - IRIPEENT RN ZEREE L
g - mEaERNERNKIZEARLS 50-80% -
BRI PK DB 90% SRR 40% ESTENE
AR (Farkas etal 1998) - M:m:MIEIRIBEL HIEES
BIiE - AISBOEYER (BE - HENFH)
(Larrain & Salas 2008; Roffeis et a/. 2015; Hussein
et al. 2017; Miranda et a/. 2020) - BRITNE R LA
MIREIEEC S - WEE - 8Eh - TR RIEERS
MmEE  BREBEGET 11 BS  BIRAXRIENE
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&t/ (Hogsette 1992; Miranda et al 2020) - &i&
BEERER 25-32°C - HERER 65-75% (Ortiz
et al. 2016) - BRI ES A R AHERE
BEREAENERAEAEEE ABPRELEEE
TR DB -

Bl B— e ' il

REEAESERNERASIBENERREE
RIBIEAIGPE 10-14 d - == 40-45d - Al
40-55d ; M=MEWENINES 7-10 d - H&=
30-35d - s=2HA 30-40d - WE—fREIE 20-35d
EFBUE  Eim L 33d I 1 R SFEOJIE
11 R - BEBEEEWEREBES 28-30°C (Clifford &
Woodring 1990; Booth & Kiddell 2007) -

PRIRREROIN S 0 - DI RIEARER L (peat moss)
Wt FTEEN (Clifford & Woodring 1990;
Hanboonsong & Durst 2020; Reverberi 2020) - £
BERZENERIFEZERE WEM%EMN Patton13 %
BREERL - ZLIKS K ~ IOk ~ 2R - IRAS 9D
EREHRT - HH - BEMAN - E LRGSR R A
HABRELULEREIRA ;| SERINEER - R+
gRNe] ; EYME S ERIN IR - K2k~ TK
o RS - AXELES - MEEE - PR IR 24N - BE
BREPTDNAFEOEMES - 1 10 d RE:E
Bl ARIIARNE - BEELAEF/NTRZEY
(Patton 1963; Collavo et a/ 2005; Hanboonsong &
Durst 2020; Morales-Ramos et a/. 2020) -

RENEEBREVRBAEBATIHE - BEE
RAREFEF (B 4A) IABKER M EBIEREE
& EENEESEMERMMEER (B48) =
FERBEEFRRARUZHEURBGEAN - B
HREERBKREBYHESE (Clifford & Woodring
1990; Collavo et al. 2005; Hanboonsong & Durst
2020) - EWEWWES N HEBE  REREEEPH

BEREPREE  BREEBBEHKABENERZD - BE
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BREER  WEESTWREFETRHICES - 88
PIFERREREEY ™S (Hanboonsong & Durst
2020) -

£
[=]

4=

=]

=111

RREELEEEERENNE  REZEAGEE
BERNEN WMETH ' G'akE  REE
&tk - BlOlpIREEER R - ARRENEE FNEAE
TERERRBMNEYE  DUITEAREMERS
(cricket paralysisvirus) ERIIRIkEEESRE - AR
HSH AR REEEE (Beauveria bassiana) BIZEA
FIt EREESVREZEZHREREE - BefH
mRNEREERE  TEIGREERENELEERE
(Eilenberg et al 2015) - & R EE R AKEEENSE
ERE  AREFLEREEEESVHNEDERT -
ol EREEEEBES LU D ATEAE - BRY
HAa R R 2B R AR BNE R0 B - KK

MIEEATESEERE RS - BERENERAE
HENES  DUE—THEEEES -
B

AXERERENHERASHENER - FE
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1. BRASHAENRE - (A) AEEEHRMERT

(D) BEhaaRerRitkEs -

a5t ; (B) BIEBRKURERE ; (C) REEEER

Fig. 1. The equipment for insect mass rearing. (A) The layer holder design for mealworm; (B) plastic

trays for black solider fly; (C) temperature and humidity control devices; (D) insect separator

machine.
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2. BB AEEERE - (A) HEEsMNEE ; (B) RRLIBERHEFERYAVFRINA -
Fig. 2. The procedure of mass rearing of mealworm. (A) mealworm larva; (B) the egg collection

separating food and adult by sieve.

3. BKUEMKREEE - (A) Blisk ; (B) 4hz2BmeE ; (C) B4 ; (D) ROPRE -
Fig. 3. Mass rearing of black soldier fly. (A) Adult; (B) larva and prepupa; (C) mating space and (D) egg

collection devices.
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4. EEEIEAVERTE - (A) KRBUEIERE ; (B) IRMEAIBIRREZEAVER -
Fig. 4. The equipment for cricket farming. (A) Big plastic boxes; (B) hiding space made by papers (B).
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The Review of Rearing Technologies of Insects as Feed
Tai-Chuan Wang"’, Hsien-Tzung Shih?, Shu-Chen Chang?, Me-Chi Yao !, and Chi-Yang Lee !

! Applied Zoology Division, Taiwan Agricultural Research Institute, Taichung city, Taiwan, ROC.
Abstract

Insects contain high nutrients including protein, fatty acid, and minerals. Insects as a protein source
for animal feed have many advantages, including short life cycle, high food conversion rate, low
environmental impact. Therefore, insects have been regarded as alternative protein source in the future.
As insect species are very diverse with different life cycles and different foods they eat, it is necessary to
understand their special behaviors in order to be able to complete the mass rearing of them efficiently.
The review focuses on common insect species as feed, like mealworm (7enebrio molitor), black solider
fly (Hermetia illucens), housefly (Musca domestica), house cricket (Acheta domesticus) and two-spotted
cricket (Gryllus bimaculatus) and describes their life cycles, rearing equipments, oviposition methods,
feeding substrate developments and harvest of targeted insect. We do hope that such knowledge
related to insect breeding technology can form the foundation for the future development of the feed

insect industry in Taiwan.

Key words: Insects as feed, Life cycle, Rearing equipment, Rearing technologies.
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