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Abstract DanBean (i.e., larvae of Clanis bilineata tsingtauica), a traditional edible insect in China, has emerged as a
significant research focus for addressing global food insecurity and facilitating ecological agricultural tranition. This
prominence stems from its high protein, substantial ecological and economic value, and considerable sustainable development
potential. Recent studies have increasingly revealed its utility in food and feed applications. Within agricultural systems,
DanBean serves not only as a high-quality protein supplement but also functions as a vital biological resource due to its
efficient bioconversion capacity, enabling the recycling of agricultural waste in ecological frameworks. This paper
systematically reviewed the biological characteristics, artificial breeding, resource utilization, current agricultural applications,
and persistent challenges associated with DanBean. Furthermore, it delineates the paradigm shift in public perception from
“agricultural pest” to “multifunctional resource insect”. Ultimately, this work aims to propose a China-specific sustainable
agricultural strategy for enhancing DanBean industrialization and market value, thereby supporting national “Dual Carbon”
goals (i.e., Carbon Peak and Carbon Neutrality) and rural revitalization initiatives.

Key words DanBean; nutrients; artificial rearing; resource utilization; ecological economy; edible insects

NI EER SR H s =T, & B PR 5 B SR (A AV R B 47, B0 [ H
FEFF & AT RS IR B R A VIR oK . B R 21 ( Food and Agriculture Organization of the

*PEENI H Supported projects: KAFAAIHT I (SRT) Wi H ( X2025103070190 ); EFR ARBIFRAFEILEESTH (32100398 )
gl

*x L[] 55 —E#H Co-first authors, E-mail: 12123415@njau.edu.cn; 11121203@njau.edu.cn

=L [A]5H THAE# Co-corresponding authors, E-mail: 20200027@jaas.ac.cn; fajunchen@njau,edu.cn

Wik H W Received: 2025-07-27; 232 H W Accepted: 2025-08-24



53] A BT R S PEIROT A B R T

+ 1591 -

United Nations, FAO ) A& I 40 & Holk 1)
B ARIR,, HIRpad 2 (IR = SR HE R U 1%
GEBOL 1%L, AL SRR
( Van Huis et al., 2013; Xie et al., 2024 ), HAi4
RO AL R AR SRR R g . . T
kRS 2 D) Be 20N (415 ¥, 2004; Baiano,
2020; Chen et al., 2022; Qian et al., 2022 ), Hr
AR R H S a5 s 40%-80% (1
FAPRBENS, 1999 ), 1 &+ ( 5 K#k Clanis
bilineata tsingtauica 2141 ) E N EESGEHE
R TIAR SR, T AT & Sk AR 1 R IR
SUS AL T H R ey HE TR,

EE, EHEAHIBHRE A AR
1 (RFL) TEIE, TR, #EZng ]
Ao, DIHRIES, BRSK, AZDEK, B2
ez, ANEEMTEE . Bl —TF, RISy,
FAETRT &7, LA, B8 7-8 A,
M AR E NG LR LM, TS5 G
PR HECEVNE S B IR WK,
FEXBR SR 638, S NBZ MR, 78] /R T8,
R IR R RS, S X—R AR
TR AW E T, JCHAETL A R L,
P AR YIRS T, AT ST
KA 4T, SRR, mA
A B A% o AR, VLR L AR A
SOTE T RN T AR P 2 s (XISE
, 1995 ), TiAE 4 E R E P38 5 4 i, &%
WFRFE Py Bk, WA EW R . DR RS
Mo PEE = BGPTSR , WS YT
W) PR BE AR 29 -6 e ok H A S,
S EOR, RWGHEE, RS, L shE
mEFHEmAE (RERSAE, 2025 ).

Bl A 1A KT, AT IR e 5 i T Y
BRI TR AR WG . BAT, YL
BB EER KRN “EFY BT, #E
HET GPPRIRA B b & R, A sl T 2 1
ZETF I GHUR R o VLI VE 25 LA Hb DX 38 3k L
LG RG 2 MR R B A = X 7 2020
SEDIHT, S REERZ SRR AR 30.6 7
JG, RSB A M E T It AR R )

Do SR, FEMEHE 4 RSN, s B R AR
WA I “FEmE” AT #E 2024 4,
BAPE AL E R AT T 90 Jot, Hrik
AT 30 7 ToAT R 105 A4S, il AR 100
TCR RS 18 4~ fEX—HKidfkd, =@
FHARYE T EEAEH (R—15%, 2025 ), K24k
&, RSSO B Rh-FREE - - T
BIR-SOR” Al EE, - ESRE 104278 (5K
AmEn A, 2025 ), AT, AR SR TP i
WhHE R, B2, “Tr & hageanskm
IR AR SE, Rk, XFET) e
A7 BEH HOR P 5T HAT AR & 0 48 A (A R
SCE L (HTREE, 2006 ), ARSCRGLER TSR
Vet . NSRBI . SRR A kAR
KA AZSTIRR, famHN “HEIFER” [ %
DIRewEIR A (e R e S, BAE 4
BRE TR Mk Ak 48 B R 3 5 5 B 36 e AT
S, Bl " (RS A ) B
B R B T RES 8 L AR

1 EAEUFRHIEERTR

11 SHEMA SRR

TR H KRR G R A4 VR A 5E
SARRER, HEFIRASIN., D, 5. i
HPUAEYBE; Hirb, DR AR /NER:; 4t st
A, Ry EIEEM, 5 BIERK Tk
9 cm; ZHEAZ G A AR R AL, )
B0, HALRE R 9-12 cm; FRAE
PUEBUR L, BORARK ) 5 cm, fiigkt, Sk
IR, RBA RM, WIEHE R, Wi
7TXEEZ; A, BOREMEREREI S, Bk
& IRy O S PR L bR o A T LSRR
fi CRELE R EMEE, 1997; RBEE, 2022),
SIHEERGM R, WAL, 7 A AR R
FEAF I FEAREL E, RGN ERG, HEE
RZKEN TR TICE , R R & H = ] bR
Nl sefig, seah, SRR RGFER, HEAE T
Bt DR K S = e e AR = — ]
P2 BT MRS, Rl S PHECEHN,
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WK I ZFhE F2 Y AR B O LR |, B IR
ERREE BRI R (2,
2023 ),

12 HWEBSHSEFENY

SRR E R S W RANEE, B RREFE
PIVT N, JTRg . GRS RPRE A Ee, DL
By Hor, fERRGREE, R4 ZE AR
A WIS — A i —1R
AL | VTVG S5 MR RE S AR S ) R P AR 5[]
BF, ZERBEAVEE P A A S, — 2
RIRE BRAR S, ST S MR iR
PN 2, — 4R 2 S X, HAR
AR B IS (W HSE, 2014; 80 B %5,
2021a; ZEWElEsE, 2022 ), WFsE &M, MR
(AP o 1 4 36 B TR bR A B IS, et R H2
MR R R LR S PR A P ad NF RAR A
=, R ZAREASTE R FEAR LS L
e A ) B AR, LA SR A IS (SR B 45,
2022),

B IR GRS N A ), R B
B B ECH AR B o AL ) P 7 SR I ( Bk A A,
2019), FEGSFFRIE T I EEZ R ARAESKHE
UM, ANORELAFAE ORISR, DA Y
2 HAE T AR 4 ] 2 R 174 b BB 43 A R
HEREE . HAY, LI N TARFE 8 S,
HEEIR L H, 2% B T 800 P AR/
FEOR LA, T AR N (R F 42 28 v S 25 5
Je A B i R Wy USSR (2RISR, 2022 ), Y4
R, X 5Pl B A B A 28538 P AT 9 A4
AEMRE B A, DA 3 SRR RS
Xof b PR ) 52 2 B D ( BEARAESE, 2019;
e, 2021 ) H G PFAS [RIFRRE )45 BA Sk bk
2E5t (BRARAR4E, 2019 ), N TFRFH 5 i PR
IR R ( ZRRRIE %, 2022 ), JZE Al BEAT 0 40
S ) 35 PR ] SR RIS L Sk T e e R B A
Bt

13 ZEFABERENH

TP EE A E B B A, &
A HLEE R R o 8-9 AN (B4R 4, 2019 ),

B WIN, SLPHAR RS A A EA S AR Ak
B, RIMRTHTEEA BT 20 (A, FJ5 B0
ARG AR (BRFF 5, 2024 ), I 5%
JEAR IR S BEBEAE I 90 d BTG ER R, B
A 2 A SR O 1 W R N/ O B AR R
120 d TG PEIAIE(E (ERTESE, 2024 ), IMAh, Tt
PR TR 0 B A B B AR a3, RN
RIS FR Y A WIHHAE, 5 5 329 R A
2, HEAR ., ZERE S B HHAREE (55
IR 45, 2023 ),

SFHRE MR, A R IREE L G
1| R SR A W R O D A s R
( SBEIBI4E, 2021a, 2023, 2024 ), MHFEISMET,
SRR R A A5 4 ity & A R0 , (L fh i 32
P A KRR (SRIAIAAE, 2023 ). 7E3E B AV IR
JEAAET, ST S aT g (o) He R gk &% PH,
2010 ), LI BEEXT 2 P4 D7 9 0452 el 22 0 B
PE, BIFEARIR A PR B R T K, T2 =i
AT B TR AT, H— BT, 25 °C
W FHEER R A, 35 °Cf S PH & WA
IR, VRSP E B IE B SRS, P HA R
R (Y ) nlaE R E DI (5
WHESE, 2014; FEEHEHSE, 2021a), LIRTE AR E
R 5 B AL 5T 2 B v OB A R
AR T2 2 10, B4 X R A 9 PR 35 i 11
WFgEdEat T, O I 2 7 BAE KR AR
PEEEAFFE (Li et al., 2025 ), A4 B 4T
SPHE R MR N TIR RO

2 ERNEFRSHEAWR

“TRVRE, MY EEMSF, BERRERE
B, HEZ CRITE, 2006 ), SFHKEE R G
TAE, FILERRRICAE | Tois U ilsk o fi
A ML &, 757537 7 1 A S 24 7 TR A R )
WA ( B, 2016 ), AL, GPHE—ME RN
(B e ) B P B OB U, L3 3 R R Ak
Pl LR R AT T & R P B R R

21 EAHEFRSSE
211 EABRMEER SRIE Ay
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AT LG, SRR RS S ARE IR
B EAAMBE AR, S AN EA
FUgEls, HAERATY b & 63.2% (RIF
72,2006 ), FLEE & 02k 65.5% (4 T8 )
( RMEZEAE, 2000, HIAEFIK LI, 2012¢ ), [A]
B, SSHMANIESA 18 FhEILRR, FkEE H
Pofr, Fh bR FEIR 5 53.34% ( HARFITK L
B, 2012a ), SSHEE 100 g TYEY, SEZR
2391 g, WAL 2.729 g, M&ZEME 2.346 g, HH
PR N A TE R IER b7 B FER I L] (52.84% ) X
TS (50.94% ), 0 (47.46 %) FIKE
(43.58 % ) ( RPEZEE, 2000 ); BLAN, EFHARN
) S50 R IR IR S AR T5 LR L
FRELIY 47.23%, X AREE HLE S (RIFE,
2006 )o XTREANT T, &Pt HUR PR T LR &
I WHO HEFARERT 0.86-2.79 1. ILAF,
PP 0 A R Y W RR R T i A
36.53%, TR A EEIR 5 S E RN 9.70% (=
MEZE4E, 2000; HAEFIGK LI, 2012¢ ), BLAk, &2
PO AR (INEER . AR ) SR Es
AU 2-3 45, HRE e THEYEARE, TE
Sk HE A A R R AR 28 A A B
TERPL BT .

212 JMEPiSHERIER S PR HUARRHLIE I =
=ik 23.68%, Go-Gs JRIHR b7 B 5 WHTR Y 99%
Ph b, NI R B2 538 61.74%-64.17%:;
Horpr, WERRFR ( C18:3 ) 5 i =ik 34.11%-36.53%,
TGS I, I BAREIMAR . Priife s 7E
I (RS, 2000; Bk, 2009; HAEF
ik LA, 2012b, 2012¢ ). 1R Bk &)y HUfA py 1 3 22
NRIGRRLL /A7 6 B, RIARHRAR . AXReiimR . 665
iR . JMER . IMER SO RER 3 Hodr, DR R AN
TR AR R 3, HEAR M RR A AR AR AL, (2
TCE 4R, B — @ I 2D RetEih AR i
F1 (EARRAE, 2009 ). LV I R A1V PRAR J2 A A
WTFHRIIR , B TR FoRUL, SRR 1
IR 153 340 S AN RIIR RS, & & 1 Sk
it B TG B . £ 40

22 THREFEMEMS REGRME
SLPHBR T B SR E AR S 2 A, b AT

A A PR A ) B AR S 1) DI BB T & M 8L WIS
W, GPHARER . FERRVERT, X0 il A5
B Rk (E%AE, 2001 ), TGFFHREN S I8
iR, Horr, DL a-SERRER & die i o8 (B
1988 ), 1M a-WBRR A Uit . FEIlg . b
T (EBEREE, 2016 ), FEXTELL . HAE
Rk A EE W (258, 2005 ), [FAT,
X EE (2014) BEsEHeH, SRR B
YOS ER . BLAh, Wi 2B, ERHG AR
THEENRE T, IFAE— R B L AR 4
(A IE A, T P 14 PN DT A X T 55 5,
2020 ), X5 PR PVREA 1 E 55 5 # VAR
%, He, BRI ZH CBP3 BA B EAIMIA
fRfie 1, X E B [ th SRR Al R
R ICso 20991k 591 F1 536 ng/mL, ik JRAE S5
We B R IEARSC (AR LB, 2012b ), &FPK
PRIE T AT s /N BB S DK R E 2 it ], 9D
M FLFR AR 2 A MR, BB R fE 4, JF s
B PO SO (FRARAE, 2014 ), FI L, &t
S PR B TR L B R

H—IJrH, RFEMEE (2005) LLE PR
TR RO A, R T SR (AP
B, IME R AR A U RAE G, AT R
TSRNG4 R B Ay 25 52
SEOLFRIA, R U FR A U LY 35 48,
MRS S 4 RE R, Ay g
( Superoxidase dismutase, SOD i i P4 &2 L &
B LS G, SRS R R R 2 45 (FBF
FIEE, 2005 ), 2 LR, BRRE—Fa 15
M BB 9 R ( SRR SE, 2019 )o 53 —T7
T, 2 R B A A PRt AE B R A
EE)HATA 1k, AT E Rk A A% T8
F5 i, SHZG R EIF 7 0 A R ATESE (=
424, 2000 ),
23 HEEFERH

SIS R R B TR SRl
RFa, gk, e, 8. 55, B, B BES R
EHE, AR E SEBRE (RIFE, 2006 ),
ORI NS . Bk BRI 2 770,
728.9 Fil 124.8 mg/kg ( HARFIGK LI, 2012¢),
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AL R N H BT R 30%-50%, XA {RE
R AR A ML 2138 1A AR B 0 R T (R BsA
7R, T2 RAYHERR ( Phytic acid, PA) /Zn
F1 PA/Fe HAERMIE TR G, ik B B b i B
BRARHE T G R R VR T AR A= R
R AR BRI A YR 25 1 P40
HA, HETHEESHKG, fE—ERE 5
FFEAEITCER , BA BN S T R A
71 (Baqui et al., 2002; 754, 2023; Lu et al.,
2024 ), SFHERECA FAFENEHDIE, W
AAERE SRR S H], AR T H AL R &
AL AN LA (Lu et al., 2024 ), 7EH:
sl E R, LB S BRI RAR
BUAS S 8 P FEARN R I 2 A TR 3 X ( Baqui
et al., 2002 ).

24 HEMMINA

TP AN R AT A, R
M, BXFR BN HUR, Bk, fEHENIRAE
Filf— B ] e (AN ] ) R St 2 , & — bk
BN FEHRRE N (RIFE, 2006 ), [FEFEA
FEIEFNE, PR B S T
Ho HIbHXAE RGP EZ =, i E R
() 7 1 2 T PRI Sk e s, 4w AL R
N Y, B HAE &b 4 H B TR AT &,
BNTE R “GB7, “HE”, WO SRk
a4k (EEAE, 2001 ),

PR N TN A 2 B DU RS 7
0 N R ) S O N 2 L e L R |
10% 2 7R IERE, Hosim R A RE 5], 251
RS, H o EmAR CE RS, 2019 ), 2™
fits ATV A MG | RN I NSRRI B
ok o AR AT, A B Sh — e
JE AR B, AT 2 e R — A TP 3R S R
AT E AT AN, ML Z T, 5B i
INBes T G 2k, (S — e R L RER
EATSE, 255, GPHERE SR

TET 8 IR AT AN 2 TR 24 R 4507 T (B AR,

2019 ), FERINERX E, RBEFESE (2002) W5
FHER A BRS8Ny 7, kg A

A, W S @R APLYOR, 2R AA
— B WP S5 ROR , AR T8 2 U 5 11
e, HiE Gz sha ki, B duR” 55
KR ALAIE

3 ERESZEFRERR

31 BEfMEGESEM: N “RiEHR" B “&
RER" BIANFEE

gl A=, GRIERL R (RIGH)
BRI R e Rt A, HfAaE R EHM S
W% 4y A R B o A i RS R 90%, AT
FEKR G A BRRE 0%, kTR TR
40%-50%( [H1E, 2009; H4EMXIEHE, 2025 ),
S, SPGB AR T R
Xk TFEMRBENEZEYRIE, BfE—CfE
JE AR MG 2= 5, Itk — 4 E Ak
ERRGRGENE, BAREMAESNE. Pk
B, GFFRVEERE S MRS S R IR A G,
R PHEAERr MR T Vs 2060k A —E A,
FRARIL T HAE AR SRR R R (£
K, 2010 ),

3.2 ZFFHERSN

BT, P C A N FRFE 2R T 0 58
e, Ho, WA= BAE G L=
X, 2022 4F EFHEE ) ik 10 g, 4= E
Eik 50 {2Tt, AEEhEE 5 TR, FEE K
SRR IR T, R ZET KN IR P HE B
B, BELDPHILRM SIS 300 Jo/ke, HHIAE
WisHE 16 oG, HAWENEFEME (A,
2018 ), it 35 AL A A 4 A8 B A N Tl Fh b
AR, R ST 1) B A A R 5%-10%
PETF 2 85%, AN, A E M EFHME i H
Fo R A N FORME P ol BE LT B, FAAEAE = B
G EE R (AR, 20005 FIAEAIGK LI,
2009 ), HAFEREA S, MHEHAE A ORI,
H RS SRR T i 3 Oy 8IS, T 2 X
BRI BRPER KBHAG T STt — 8 K. &
i NE PR . Bih e afl . A
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52 JE A S AEPEFT R R VRASNE , DT — 24 5L
FHAV AT s [RIE, T PR SRAE B bR AR
BAK, A5 FHETHA MRS, R E)T
FEAEXENARTH S MR P i, LA Sl ) A DG AT
W HEABRHERIE , B PR EFT LAY R AR

3.3 ESTHREEM

FERTREEL R R T 5 T, T PR A
AEURE AR5 IR R L, TR A A v
2 AR 25 1l RIS AR B) 5 e Bl 7 X 2
k7 BN | R SEKT FIAE A o) 7R A A A A B B
BEREAR Sk i) leiFss, GFHRA X A 2
el FHH A0 ML T R % 83%, HIE A HLE A 24
BREARKL Y (FMESE, 20205 ZEBEIESE, 2023 ),
WAk, EABOEL WA BT 1 “EE-E
P B, ESRIRE B A BRI B R,
SR FH B TR 2R 1tk i P A URD AR H A 7%, 3 4F
A A HLIRA 0.32 g/kg $ETH 2 0.87 g/ke( K
TR RIE HRAR, 2017; 7530085, 2022 ), HIffiE
ERMAERAT, B EA B ENESD
fig, AIf A IEIREGS TEAR T 28%, 28 BUBEE A
BPEL B T % 51% (A SE, 2018; ik
%,2023 ), fENKRBASRENANZ —, TS
PR H AR 1) A 25 T RE 2 A 1 K ARLET , SRt
MR, TR EEEHE R,

34 TERERSFIBEHREL

OIS A e LT R YR,
Hojiti A 385 v 7E— B FE R AR HE 4k B A
Pt we B A ) i A TR, 2023 ), 7E R
GG KEREE R R, wE S R A
FH e LB R TSR 30%4R THZE 68%, Al # K Bh g
FHEFRIEIR (FFSCHEAE, 2022 ), FEBEHEMLIX 1Y
“PUR-ES-HE” #ERCh, SR 4T
WLk A E s, (0L U R DA 230 £5%/100 g
HFEE 92 5/100 ¢ L, EMEREIFFEEON 0.8 =
0.3, M 4R T R EE (kW) H A,
2023 ), LAk, 16S rRNA 7 s, SPHRE X
TR RE B T = B R T 27%, FL g 2
R H R 5 AR T 18%, 5 3Ptk B IEAH G

(P CHEEE, 2022; W MEE, 2023 ), ATUL, &G
FRAE 45 4 6 Bl RN % 43106 34y T B A T
N FHANE

35 RUEFWRIEL

SRR R (2017 ) AFSEHRH, EFHN)
KEFEF TP BIE LR AT A 58.7%, REMiL)H
BRIP4 8.5 MifsFF, /D ag RAEHE ™A 1
CO, HEk 2y 1.8 Wi, &R0y AR 774 Urb S5
FRGHEIES, AR RS, AlA ™ & R
15%MAEAHUIE, 25 T8 S FAE AT 7E — & 2
JE EREARIIE A (A5, 2018 ), thAh, Tt
KM FEEE 0 R /K e Uy Je [l E , FL 3k e
SRR AT H P A 1.2 me, MiVE S TR
B 1.2 /L, IR 50%IIE, BRI,
N ag sl , I Rel R AR P H g (750 S04,
2022 ),

36 ZHEESTATLER

T F 7 A DA AR AN [ X3 5 e o e B
HZRERHIE, A MRS T RIRR( R 1),
VLI VE 2= KM ST AR Fh R A 1, fh 1 4
(2020 ) AR T —FPLL “RE-GHF-52E" S
A B KA K WA R R A R, IR
BAEPR S 3R RGP, I — e R
RER T ARG, KUFRCRIAERNE 63
Jiot/hm?, SEEAE S S B R A A% (2018)
U] R R ) SRR - P 3 —
S BTN, BB T RS A
LR IE, YIRS 39.3 5 o0/hm By
AR . R, I (2023 ) ARSI EE KRS
VEMEGE S “PER-GP-H " 5efE, & 1%
VEBRRT, SR T 13, S8 THERIRZI, X
AEVLIRUE = Ho X B T ¥4 4l FliE 22.05
Jigt/hm® (2B o e, AL B A
WL R G R R  BIE R A R
g5, AN A A XA 5 S R,
AR I e ARSI, I8 0 A B X
AL T AT A BB IE R (kiR diR R,
2017 ),
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Tablel Regional practicesand benefit comparison of related industry models of DanBeen
(i.e., larvae of the soybean hawk moth Clanis bilineata tsingtauica)
R Al FARNE EEROS L0 EESgVES BARIXEL 2250k
Pattern type Technical core Ecological indicators Economic efficiency Typical regions References
N RE-GFH-g s fER S ER R, & FSaAE 63 1ot RS PN,
AR M, REEKAEKY AR /hm? Jiangsu, 2020
Greenhouse Soybean-bean worm- Increased annual land Annual net profit R Guanyun
integrated vegetable annual rotation, utilization rate, reduced 630 000 yuan per hm
farming with temperature control pesticide usage
to extend the growth
period
SRR - ARG R I R AR AiAE 39.3 0700 TR E IR Fef e,
HEA K SR s /hm? Henan, Jiyuan 2018
Plastic greenhouse bean Reduced various Annual net profit 5
worm-bean worm-celery vegetable pests and 393 000 yuan per hm
three crops in three diseases, including
harvests root-knot nematodes
7 b POR-SPH-HERe A, SR e, ST AEYAEANE 22.05 1 TLORER G
AR A A Improved soil quality, JG/hm’ Jiangsu, 2023
Open field Watermelon-bean alleviating the impact of  Anpyal net profit Guanyun
rotation worm-cabbage rotation, the rainy season 220 500 yuan per hm?
pattern alleviating continuous
cropping obstacles
OB HERE PR ARGE A B DO SCRARIRERE A kiR
(CFRUEE TR Ll AR S A TR o S R HOIRBL fif, SRS PHARA Rocky H YRR,
Rocky Kudzu soil fixation + Effectively improved & desertification 5017
desertification bean worm farming + vegetation coverage and  whjile improving the areas
ecological mushroom cultivation soil conditions in rocky ecological
restoration composite farming desertification areas environment, both
farming kudzu and bean worm

generate income

Li bRTA, BB IRACR LA A S e
R, T BOR BT SRR, S
A R 5 AR R R BGEE . A IS B S8
D NEIT 2 SV 5 o7 NN SN 28 24 1|
Br, ik Z ootk i K A 25 22 U b IRl S 44 52
£, AEARTRIRETE B DA I | IR AR B2 E 1
ST AN A R ADTTE S 8], DU Rt GPh ™l n] 5
zeter S5k,

4 ERANIFEHRIHER

FRIEINE 5 i i

PPN T IRGE B SRR T 3B HOR 1Y
P S IV he SIS N €15 S W

4.1

SRR, SERAIET- R E R 50%-60%,
HARIAREZ IR . IRk, S R AR 138 &
BERTE T TSR R T M. X R 5K PH
(2010 ) 38 A3 5 s P IRR I, G PR
BCHECPAEERET 2 N H , AR HAREOY 2 2 £, A
FET R TR RFEFUIEAR 20%-30%, HL sty
I, MRARIESE (2006) i IEASIRIGUFSE, 4l
HRILFLI R B T+, HEFA YR & &
X PR A A 2 R o 2R R A5 ( 2022 )
i — W R, Bk E S m KR, 2t
AL R AT RTTE 66.67%, FIHILFKE T2
S i O L P S e 1) G . (RS BFT 22 R BRAE X
TIMEHoHr, =z ZHREMEG O, kil
& R Bl AR BAE N, A B kit
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Z N Z AR5 20 M sl g 0 s i I8 7~ 52 BAR R AT
P IERTT o F1 XS AN [R] DX TR FE Bt 22 57 i S
ML 1 2P A9 3t B R, e 525 W e XA R R A
BB (R 3R, 2021 ), 677 €08 3 XI5
A3 - R At R (3, 2023 ), HX T I70H
RN BB, I CO, . TR BE 55 1 B AL 2 B
AR

42 TEHETSHLIE

TR R R AR 2 R A T O A
PN N S W= B R e a0 e e
75%, {AZSBRIESE (2022 ) @it 1F AU i i o
FE @ S4EUK : 7K=0.5: 0.5 : 10 (V/V) Bt
LI ARG, THEE 30 min A]fE PR SEEAL R A
86.67%, H 25 HIR4IMAATERIETHE 66.67%,
< B ST B 75 500 0T B9 2R TR D I B ) 1R RO
KAEF o T BRI AL S5 B B 5 A8 R T PR
JERURPE R B BE 22 5 . WNZEEIESE (2021 ) OF
FKEM, WHIERAEMEE R 20 °C, Wik
92.33%; M, (G T IR R AR )
DB32/T 3528-2019 ( https://std.samr.gov.cn/db/search/
stdDBDetailed?id=949D7DB5677B94DAE05397
BEOAOA6DOD ) $8iH, A KARBRIEE K 15-
35 °C, TEi%3 B R & P A R, O
130 CARMT, HEAEFHML R 30d, 21t
P 915 &y 3 S5 TR 1 22 S R B R OR T T
ST BORAERAY, SRR R, AR
FERRAE

43 RFBESHERNX

EPESRSE (2002) fe P2 T 2 M ELE SR
Hiih 24 So/m?, FRIIRAE (2020 ) 385 H A
IGU6IE, I 20 Sk/m2i K G SEER 5 G HEE
FIRFARTAT ;. % BT 25 Sh/m2i), SPHA
B 20%, K253 30%., K25 EK
HARE A A ATETR R, TR A AR
TF 15%, REFEBRDT 10%, Zraiisii
T+ 30% ( F580, 2023 ), {HH IR 5 A5 e Fn
23 [A) Be B AL o BUAT S0 5T 0 f5olh 2 A F
T E BT E A R, 2N T
FEANIR & B By BOF B2 IR 1 22 5%, Rl X+

SLPHRR N 52 4 25 AR e AL T St b o
44 ARESMEREN

N TR T K i 202 B P USEAL 3% 5 19
R Z—o BRI EAS, R E AR
BORBAFITEOL T, AlR# 2-3 SkEPHE 5 1%,
R HEA TR 2B ], R ik B B e iy
75%, HE—L IR T PR Z A R SR s A (TEPY
SR, 2002 ), S RMIX— R, APFFIRE TH]
TEMA IR IR BT FR AR, A TR ST ik,
TR FURE BN T A, HPER A B A
A, HTE T GRHEERIE (ZHRR, 2018 ), I
S, BRHEE (2021) LIRS MR, A5
SR e AR R, RIS AP E R 3R, (H
s PERE SR AR e .

45 ZBFHBmEELE: NEEFAEIIRE
&z

FUIE 2017 45, GPHEC TR EAR
Hibrds (http://www.greenfood.agri.cn/xxcx/dlbzex/;
WY AGI02181 ), AT EM, ZFHRH
TR e B E R TR K G RMEIL RS o SRS
SRR A Y 5.4 J7J0/hm, 724 6 000-7 500
kg, TETM 80 Ji/kg T15, ¥ AlEk 42-69 J1
JG (IR0, 2023 ), S AR SR o F R i b
WEALFIOIN T4 2Rk o 2R, % bb I PR R e 5% 4
P, GRS Z AT AR R R IAIE AR
|G SIS 22 AN o M TR B AT A A 44
HEMEHRBAACECE, HIRE®C RS T
ZA M PEA T BRIE, WIT IR bRt (G FFA
T 3% 58 & AR B ) DB32/T 3528-2019 ( L

https://std.samr.gov.cn/db/search/stdDBDetailed?
id=949D7DB5677B94DAE05397BEO0A0A6DOD )

T R W ARE ( K-S g a M IR AR M
#2 )DB3207/T 1018-2021( https://std.samr.gov.cn/db/
search/stdDBDetailed?id=D7B6A04F74BCACD9
E05397BE0A0A143B ) 45, CLiZ AL bR 5
FeHH o AR, TP AR & JRE v AR 4K ™
FRORY R &Y, o R U+ B E A+
FIF” M=REFERR, I PRI T
i B BIF & FHIAGIE o
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5 KREKEE

51 MEiGrEE Sk

PR AT R K AT T I i 22X, A
Fr MIEREIF ST . BARBIH 5 7 TR AF 2 A T
k. BT, AR E PR
TGRSO E TR sl A8 Ak, (R E = X & R
DR 266 (A TR BE AATT , L P s A 0 A e i 4 AR
WY P R i 32 5 R R AL AN B, DA%
B 2E B Rl A BN B SF AR, SEBR N H TF
T, 2 PFIAA R b AR 28 S MR 1 N T 5%
B, AR = 55 I B D A5 A A e, B0
EWRRES; AN, BRI R
AW R . A, BTN TR AR B AE
HOm TR B, 2R st i an sz Rk HE )
Wk S A = AT 5 AR, R 2k
AT E I, O BIRAE R
AR RTRE R, (EM R R I AR,
A SAMENLR B, H 24 AR AT es &
(PR CHAE, 2022 ), PR, KRB At HERO H
Tenebrio molitor 1F & #r & & %X 8 ( European

Commission, 2025; https://food.ec.europa.eu/food-
safety/novel-food/authorisations/approval-insect-n

ovel-food en), M EZFHIRMAEZKEMHH
S, R OEIRE R 2, HENHSEXRRE
a2 AN, RAFRHEE AL .

52 REMBRFRE=LFALBEE

521 EMAWFSMIECE Kkt ErT
A SERI R I 5 N 2 TSR 2 T, AN
BHLEI Z A AT R A F Sk d] A S5 W
WA SRR, M CHIRE SR -
AR AR Y, FAT TR R AR
FHOCHE PR 5 2 2R TR AE i 753 2 s I o ) o [
Ve, X niEsd CRISPR-Cas9 H A fil4: & FH
HAHRIER , B F i g 8 | R, = —
SE—R7 R P IR, EA TR, B
H B A8 5 il f S 454 5 HBR AT h B
—EB R (B4, 2012; Johnson et al., 2022 ),
oy BTG ERAR , E fE E EAEAR

N PRGBS IO 40 A0 A 7 AR v
7 — SRR AR . AT, A IS [ 2 A
RE PR SE LS Z MR AL Y 22 401 ( 2= e
45,2022 ), 205N A T OIS
FRUEME b, NS & SR AR R L B o
522 FERUFESZKEMIFLR (EREHE
BBz B OR T 5T, AR o 7 ] 22 R
(AR ERA AT (2024-2028 4F)) (h
FEl 2 o 2 i & R ey, 2017; http:/www.greenfood.
agri.cn/xxex/dlbzex/ ), HE T UM EFMASR
AT, R A5 AR Rl - AL 50 - B haz il
) — AL FRIAT- 65, Sl AR S I s I 2 A
IR, RO BB 35 XU, TS TR | 1R
JEE DA o 25 R R T A i S B SR B PR 1 B
AT kAR, 2023 ), 7ESEIE BEAL TR AE Y []
A AT C S T 4 R 5 4, S I 2P
FRAROL, ERAF A, KL PRI ]
DA REME A3 (4 T B, IR 4 17 T
WOV EERER . I SR SRS T 2
BV RIEZHE ), TFRPUER O IRBEE D REE
PR, RSN PR I T HEOR BT (B 5E
AR, 2025 ),
523 AXFUUEBAEFERX TSHEN
HEAY IR R R A, oA FR e i A
Sl RIS AR SAMEN LR S PR
B - R G REFE A - K B ™ itk 2 v A% 5
RZR, BAAERRICE/hm?®, IR A2 E RS
Syisgy, Al R HA AR S o BORN ] 8
SKAESMRSS , BRI 5 -G -
AR IR, HESh AR S = (E A A
(FRASE, 2018 ), 1 AT 2R 45 Hh B RY 2B S 57 7E
B, an IR -GPSR (A S,
2018 ), “pE- R AP M CRIAE- R AT
(NS, 2020 ), “FEFF- KBk 46 - K2 -5
(TRICTEEE, 2022 ), “RERTGLE-TFE” (PN
85,2023 ) DI Bt -G PR- AR (5K
HIPHAE, 2023 ) A4k (R AER G IR W,
REW IR B PR, J#ESr “1EY)
FEAT ISR - P A 255 0 - B R E e T a3,
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FRI = B , eI FE PRI L T K S A
X, Wit S NASET RS R R,
524 BURMhEIS£IKMHHAER THEHM
Bkt G AT KB A ( Xie et al.,
2024 ). I EAH AT H BTAFTE— 8 B SL ISR |
Bk ZBEHE Cl Mk ) % ( Zuk
Golaszewska et al., 2022 ) Fr /@ G FHE M7, W
il “ SR ARG L PRI T B
T ) SEAE DG HE AT B3R ARSI
T DR 3 2t DT URAA R TE T 3
JrE N EER, MAERRRES S, 25
1S020416 ( & FHER B 2bnifi ) il , #Egh it
WSk | PR R A AR S RN BeAh,
R 3 3 22 P E A5 SR ( Xie et al., 2024 ), 10 “F}
W3R RS HRG, fEEET MR R R
HEMRE”, HET iR E R KRS 51
TP AR, R ATIS A HU N A B AR T
BRI GFE, BARARX G2 R,
L BTk, GAHERHEE N . m TR A
ZICIETE T I A, A BB AR ™
M Y LR R A PR S 7 55 MR AE
YF R 20 A, DL ME SR 4B 2 T
BRI 2B 55, AT BRAL R IR 58 5] A
# . TR STy E U A S E T L
R H AR, R 2 B S U PR
Hrs, NS MIR2%E “RUR” (R 06 F ik
HoRn ) BRI RS R S L T, SR
HE WK K R TP DI e R P TR BE T A 42
HE 7L, FE A RN A2 | B A SRR
WA, 298 PR E A YIS, R
FKILREER P THE. 55—, S5
AR & ST LB AT A oG, IR AE SN E
FRAERY, fE Sy 2 pROET, It X T 2 PR AR
W2 FE VRIS 0 22 G0 TR B 5 SCRIRE AR W FH Y
EEERH G, LR P BOR RS A T i U R &
1, A G N DX S A € 7l 9k B [ B
Se e SRR 77 B X EFHRA R
HHH, GrEAEERILFER, Mef24i5A
SUME R TR R A 3 i o — 2D HE SR R 1
B S5 EARIBRIESE , 3 S G AT

ERRIN;, B S ARG M Sk A i o i —id
REANCHS i DR AR 2 4 15 A 2 m] R P (]
Tefitr EIr s, WS R HSTIRA SO XL
™ FAR T BES AT R R
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