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B3 TR A7 A S 25 AR O O ) 5% 7 3 1 5 B A B
K R 2 AR T Bk Yy B R
AW EFE KR T2 o 5 TR AR R
DS e Ny N At e L e W N By U1 4
Ah 4l AT R K5 G B H S I E FE AR O kA
I Ty St R s F R IR 22— HAT, i R
KT S5 A o A Ml A o RN A R BR A B TE R
FAT A\ ARIE . Hh L T/GZZX 4—2018 kT T 32
K O FFORE SR R ) SRR B S A SR Oy < R

& H =400 MR W =320 K 73 <1200 K 7y <
20% .853.06~5.000 EBE0.5%~1.50 ., TITEALE
TR MU i TR 2L A8 A R 4 9y Joie 5 4 7 T 4 — H
M BT, PRI 4 HURY 55 0 T RDRL R 1 IR
FIRMIr EAATIES o (HBR IR B IR0 (D AT 45
PUER il 2ok i3 15 97 9 75 97 4R nT Lot A SR K
FEBEE IR W S . HAT, SRR B R
TR B AURDRL Bty ORI A | S A R R
IR W R, sV DA B OB BE 1

Rl BAEYHFEK=ABRPEZZEARHENEFTHS

Table 1 Proximate composition contents of black soldier fly larvae and major protein sources in aquafeeds ¢
. K 4y {243 (CP 67%)0 T R
F8F5 Indicators ] ) Meat and bone
Black soldier fly larvae Fish meal eal Soybean meal
LR 4 I Crude protein 23.80~62.70 67.10 50.00 47.90
HLIB I Crude fat 4.70~38.60 7.50 8.50 1.50
KL Sy Crude ash 6.40~19.70 12.30 31.70 4.90
5 Ca 0.20~4.96 3.80 9.20 0.34
P 0.39~3.50 2.60 4.70 0.65
x2 BKWHHARKFAMPFEEERRNLEREREAR
Table 2 Essential amino acid contents of black soldier fly larvae and major protein sources in aquafeeds %
SR Amino acid SRR -4y B (CP 6726)1° WY CEER
Black soldier fly larvae Fish meal Meat and bone meal Soybean meal
R Lys 1.22~6.45 4.97 2.60 2.99
EHR Met 0.54~6.10 1.86 0.67 0.68
IR IR Thr 1.42~3.92 2.74 1.63 1.85
KR Arg 1.10~5.22 3.93 3.35 3.43
MR Val 1.87~7.20 3.11 2.25 2.26
SoEadIR Tle 1.12~5.08 2.61 1.70 2.10
%R His 1.19~1.94 2.01 0.96 1.22
AR Leu 2.73~5.48 4.94 3.20 3.57
AN Phe 1.65~2.85 2.61 1.70 2.33
@R Try 0.68~0.94 0.77 0.26 0.65
*3 Bt RAFEAMFEEZERRNBIIEHERER
Table 3 Partial fatty acid contents of black soldier fly larvae and major protein sources in aquafeeds %

T

) , LV RAL K (CP 67% )5 X
& Wiz Fatty acid ] ) Meat and bone
Black soldier fly larvae Fish meal Soybean meal
meal

A #H:z C12:0 Cinuric acid C12:0 7.50~49.34 - 0.20 -
TERR C14:0 Cardamic acid C14:0 1.90~10.20 6.00 2.70 0.10
FHERR C16:0 Palmitic acid C16:0 5.30~19.20 17.80 27.50 10.50
FEAE I EZ C16:1 Palmitic acid C16:1 0.80~5.82 7.20 3.70 0.20
Tl % C18:0 Stearic acid C18:0 2.78~25.10 3.60 19.20 3.80
JiTE C18:1 Oleic acid C18:1 7.30~26.60 12.30 40.70 21.70
IR C18:2 Linoleic acid C18:2 2.70~57.25 2.10 3.60 53.10
M JERAR C18:3 Linolenic acid C18:3 0.20~24.30 1.90 0.90 7.40
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Table 4 Partial minerals contents of of black soldier fly larvae and major protein sources in aquafeeds

‘ e @H(CP 67%) BB ]
4% Minerals ] )
Black soldier fly larvae Fish meal Meat and bone meal Soybean meal

/% Na 0.24~2.25 1.04 0.73 0.03

B/ % Mg 0.26~0.40 0.23 1.13 0.28

#/% K 0.49~1.58 0.74 1.40 1.72
#/(mg/kg) Fe 80~20 000 337 500 185
#i/(mg/kg) Cu 6.0~4 000 8.4 1.5 24
i/ (mg/kg) Mn 246~2 600 11 12.3 28
#/(mg/kg) Zn 108~3 000 102 90 46.4

2 FEEWEMERS
RRER
HI5E K (chitin) , XFRJL T Biskise 24, I N-2
7 AR A ok B 3 42 R T W 5 A ) 0, )z AT
e TRy 5e DL P re sy pshrerh, R AL
e 5 7 e PR R TR SRR ] SR K o B
HRFI R | 4 0 2R B DL R M SE R i LT o A,
HATR B B (B s S0 o RS o) 34 R DL RO 58
EARFEB B R 2ZE R K, Wang F 05T
FW, B A By B 52 R S il 3.600 .
3.100 14.1% H12.9% , Hi DA 391 4 B 52 R R0
B WIcZR A5 vl , (0 R BioK ™ 3 ¥ 1 18 L
AW AT S 0 i 3 A 2 o B L K I 1 e A
WURE Vi O 2 BT 2 TR S B B T AR R O R A
AR AL S F1 2V YL SR, Karlsen 2510 e £
Wb R, i i e R SR R DL BT
FG B8 8 SR BE AL PERE o 3k LS Tl v SR K
AR TSN 22 | il oK 3 A KRR R
BEAR A 2 B2 M 2 — 112
22 fER

L K (antimicrobial peptides, AMPs ) /2 B2 HUTE
Z B RGL B T, 7 A 0 — 28 B P B E M R
PEZ IR BT, o B LA = R AR i 2R GE Y 2 B Al
oY o R Z IR HAT R AP IS PR R
SE R UL B 2 A P S5 i VAR L DT 2 0 5 S i
2P I R AL AT — o B KAE T ORAT R
P

TR AR A AR B W b e o KA
6 T & A B2 A H M E AR R A LRSS Y 3
W 1 R e ML o T, SRR BB
ZPURRIE R A R 2 — , b o s th AR R R R
R ZR IS5 b BT IR 0, IR B8R T BT
WEPEN S Park 55T W, B KA Y BB K

2.1

T 53 RE 8% A7 R0 ] 4 v €0, 8 %9 3K T (Staphylococcus
aureus) . KR F IR (Escherichia coli) VA M F 478
PR (Candida albicans) %4 E R IR . B G510
AR 54 40 ATk o, 22015 R AR TR
FRELA AP M v e MR VRRLME . itk Ah, oK
AR A [R]85 R B AR 55 25 0 T 0 AT 3R3K AN [A] 5 1
P2 BT TR AR 18 G T SRR b ] 7 A 30 T K LA
KA [e) b 2470 B IR 8 AR FAIL A ot AN B o o 2 —
RAMESE . T3 —J7 T, HF5E e R K B e KR
TR Eh v B N FH IS, 3 LT 5T T R A DG E
Hr TAE.
23 RAHERE

F AR A F Kbt b i 3 AR AR DT R, A ey AT
di B IWIR 1 50 %6, BA R AFIPURTE PLR FR A
AIVEHIN S ZBOK PRt b & A B R & H ke
PR, 0 PR K i &y by AN AR AR Ay et v ) 2 1 ook
T, gm0 e A A 107 5, b R i e A
] e Bl T G TR AR BRI S
eI, R4 Hrh g R R A B A AR B
21 SRR JBT S 1 I g A AN, O 7R R R IR B R
O g — AT AR R, K AR B
AL A R R B RE A, A SRARA AT BB L A AR
HEER IR Z — . BRT, M IO A AR AR A )k
WIMFAEZK = sl Wy L i i HIEA 0 3 A 2 A9 B A
Yy A AR TR AR B RS A g e B R
T AL A

3 EKarFEKEHE =B A

ShogER=ES
FIRIT, A7 A B 0 28 v i o7 A 456 1 K
i ARIK PR
T B 2k e 10 G BE fa (Epinephelus fuscoguttatus
$XE. lanceolatus O )W, B B ERAC Ak L )R B

3.1
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B 100, AR 1 Z2 X HAE KR RE R SCR R
JUE 7 T fk R 120 A A TR S e () 25 AT 1 TR A
(T B AL B2 5 R s SR AR L,
A Bt (Epinephelus coioides) 3Rl fa]FE 2 Ay B2 AL
10% faky HoA: K S50 B4 T B 35 22 712 XK e 6T
(Scophthalmus mazximus ) W5, 42 R5 A1 B ARG R 7K
4y HOB AT 43500 2 AR 20 %6 1 306 £0k AN 23 52 T A=
KSAEMIEE> LS50, IR 2K i
BRI 2526 AT 4 &2 75 85 (Cynoglossus semi-
laevis)EANERE AR LS ILPA & BT . Mikotaje-
zak S5 I 5 W A8 R VG 8 (Salmo salar) Wty
B, RS SRR AT AR 29 94 ok X H A K e AL
PR B TG B TR T o e K A8 (Larimichthys cro-
cea) Tl RE T HUBY B AR 409 LLTF a0y Bb 491 % A 4
BE AR 3 R A bR 0 TG B TR 0 5 oA, B K
4y OBy AR 5006 f008 oA 1 250 ) AR W 65 (Sandler
lucioperca) A=A A 4x 4078 FR A K25 B4R 50 %6 £k
Xt 45 3k 8 (Sparus aurata) =K B E AL EE 7 iE B
A AEAR R LA SCE R R L Ak R T A RS
Abdel-Tawwab 45 *UHFFE 20, A2 /K -4 BUB AR
50 %% £t Ay A XF BN 5 ( Dicentrarchus labrax) K i
BRI AR ZH 18 DA B 1l 2 48 b 7= AR TR o 7
H A AL 7 (Lateolabrax japonicus) BIWEFE H , HUK 5
64 % o AR A K M RE HFIE B g 212HE s
A A RS g S BE P A B w2 ol R
GERLAL, AR K AP 2 v, R KRR AR AR 1Y) B
187K PR 1026~65%0 , 3 He v 1% 22 5 5 SR K B UK
(9 IR B A AN [ A B Be e A 1 o M fa k)
KRB YIAOG . i, 418 Hoky b EPA Fl DHA 45
22 ANHRLFN i U R AT T ey v A 5 2, WP AH DG R 22
KB m A, BN EN 2 R HBOE IR,
Gl —RINA B,

TER K B PE i, Stejskal 2553 BF 58 268, H
T B K - &y H Ry R AR £ K3 40 Y6 X530 85 (Perca flu-
viatilis) A BRI AR B DL Bl S8 i 2
B . Dumas % HBF 78 I, B K gy sl AR
%5 (Oncorfoynchus mykiss ) 1) F v 50 %0 85 %F H A=
SRS IR IR S ViR EE f RS DO NS = S 4 1
FURDUBL SR bR A R BFSE A, BBk -
41 Ry AR 50 %0 11k R XL 18 ( Channa striata)"™
548 ( Channa argus)" M 255288 (Channa argus § <
C. maculata$)"* By A= K FVALE 1= A B o) | 3
AR H P AL BE ) o FE R 1R 85 (Micropterus

salmoides) 1, 4= 5 FRIK T4 HUBR AR 30 %0 faA % AR
Ko7 A G TR A T RS K 4y HORY R AR 75 %6
A0 AN A AT A S 0 2 B S i g v
JIg LA B g 15 T 4 18 ] e 2 2 ) G R AR L 461 7
. [}, Fischer Z e 6 W1, 42 Sk -4y Hofy
TR oy A 66.7 06 £y b 2 R AR TR 1 MR R
K R R LR E SR DL R A R AT
L v S gy 2 %) 70 TR SO TR I T e Y
HACE T B s e [RIE, JC E 2 s e Rt i
16 BAK i B AT AR v AR KM RE Ui R D A
SR AT, 02 2 i 18 i B , U B R AR —
FEA A B A e U 342

32 MR
MK T TE 2 M A0 S AT B EE WL
EHmP R,

BE 5y 1 (Danio rerio) 27K = s Py 58 o £ 21
B AR Y, [A] s R — Tl R UL Y Bl L B £
Zarantoniello 254328 14 6 4~ A (32 A iR B 45 SR R 1
4 Jig SR KT &) HORy AR B £ DR} 25 06 ok R KT
AR R 38 A B ™= A AN RS o 1 BE R SR K 4
Hoky 56 A B A ARy AT el S B £ 4 K AR TR
K RUE R S A D PR ek kI A
TR 45 L R, FH SR K i 4y BT 58 4 B AR A
BE, AT R B (Cyprinus carpio) W BT E AL E
1, G B R, R — A
TR Ry A AR P A R, 25 SR 7090 B
AR RLTF % A Kk fig A DL SR Wt 32 TG 7 ThT
2 I i N =S = W A i B I 2 5 e
WEFE T R K AN [R] 5 W S W X 5 G £ (Amphilo-
phus) A=A SN TE T AT 052 0, 45 5 3% B de il B
o151 25 %6~50 26 (R 3 YAl 1 vk R /K it 2 Y st 2
YR PR K T ) e e Az K R g 8 9 A i G £ TR B2 [
B, 2526 45 W LU A AT 3 4 e b AR AL e ) AR R 5
PRSP F5 b , 26 W SR K i 4y i B RN TS 45 1)
R AT AT

TEE A D7, SROK AT H IR SR K LA SRR
Tl S5 0 0 Bl e A N ARG . I e R
W1, K &) B A& 5 80 ( Carassis auratus ) )
Hhrb 4094 R0k AN 52 M H A 4 REFITAR ZH B, 7E 2020
UK BB R A AR R, XuZE B gs 1 8
7, SR KT gl R 58 A AR R R B (Cyprinus
carpio var. specularis) "X J 18 TH ACEE LA 2 LA
AR R AT E S A IIEEVIN BTN 08
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ERRIKT R 75% . Zhou ZPVHIF 9T R, BBk 4
HO 58 B AR X B (Cyprinus carpio var. Jian)
Az TIA 2 B A 48 B JC AN RS2 7E At B, D
Hh, SRR AT 50 260 YR A ARDEE, FLXT K 55 B AR
(Colossoma macropomum) = Tt g & 52, I 1T 4
e UL AT B R XUBR 2 e R A bR K £
T, T 6] S O R e B S R g R T, 4 i
B AR K B 4l BUR 5 TR AR 3004 AN40 046 fiky , HLG

W (Pelteobagrus fulvidraco) F= KM RE AR AL
KM A AR AE bR JC i 252 . BFSR R T, SRR
I =5 60 % fa k) R X 8 fit ( Pangasianodon hypoph-
thalmus) A=A I A0 8 T35 M 04 005 RILZE B A 5
i o) AR 75 % LUF by 3t 58 7% (Clarias garie-
pinus) By 0 A 1A il R et BREER 10 G AR AR 2 60T
Kuo 2SI 5E ARy , Bt Hig SRk - ol 4 75 %4 ks,
X H A& ( Anguilla japonica) A AERE TCASFIRE
i ; Tippayadara 2¢ *VVAF 55 26 B, B K - 4 dbs 58 4
B Ak X e BB AE 1 (Oreochromis niloticus) '
PR HH R i R IR A D0 2 S 5 AR 100 % £
X LV (Pangasius bocourti) TG 8 252 1, IF:
A = LR B 1 BRI BT R e 0T L R T TR
LR R

IRAEIE AR B, A% P a2 PR K AT A R AR
3 LA s 1 T IR B R £ S . A 2 i A A R
)R] R P e £ 2R LT ol e e R AR L T o
{0 e s PR 28O T 3k T B AR R IS T £ sk R K
I OB Z R AN F R R Z — . 75T AR A
Bl 8 IR o [l s, AT EE i LT B & i, i Al
FE A2 52 M0 HU 72 AN [ £ 8 LK AR [7) €0 FpAS 8] B B i
FHAECR () R R 2
33 ERM&EK

SRR AR B K Bl v g e A 3 AT
e SRS m R S Y E AR E DA K.
Lu %5506 2 W AR SA /A ] 58 B AR A R
KA, X B A8 (Clenopharyngodon idellus) WA K AERE
TR LA K UL AL 35 55 B4 T8 57 TS e, HLAE > 4%
AT LRSS Ak e 1 AE AR 50 %6 B
i 3 T ATl A 2H GO S 2377 AR RN o B SR
SELSTRIE 5N , 7 B fa 4R b 4 il SR K s R AR
20 %0 fpy AT G 2 B e AR R MR RE RN AR T L T
It 40 %6 J5 BV A AR S0
3.4 HZEIY

SR IAE e s b i B E AR Th R L

YIEXTUR AT A . WEIE R B, FLAIEXTER (Litopenae-
us vannamet ) % K B &) Bk () 322008 58 R R WIH
Al 2 34 3k TR 1 RO PR A 4 T DR s ) R
VA, Ud B SR K i R SR s W B e R R . He
SELOIRF ST N, P ff 2 7K - 40y Hi AT QAR 5 5094 Y
e A RE , ELXT PLAA T MR A K PR RE A7 TG 28 DL S
AT 1 AN BT A T G s, o R RS
SRR A7 BRSO B R T, K
-4y OB AR LA T BRI R ARl o 15 06 £ty AT ik
0 FURDR R AR AE 15%6~20 26 By 1 4
SRHLAPTAALAE /1. Chen ZE57BFFE BT, 20 % AL
AR T IR A R, 1 3056 )55 T B-4A AL Ak
TEf A, JF 52 7 AN RN IR I R 19 & B, 3 A fE 2
AR A KPR IR 22— Ah, 1096 Bt
RS T LGN XT U i 18 20 2 R DA S I 1
IR R I A AE G RS, SR, Richardson %59/ 4f
T8, 2K R AR AEDRE R 7096 BY ARy JE AT T B =
WA RE X AT e 5 B KT T o | fA 5 it DAL
T AR G . BRIK T RO AR DR R 50 96 £
¥y ] LA 2 ek 40 COF # (Scylla paramamosain) M
K RIE L R SR KRS s SCBEE T E— 4
FHIBERE MK a8 A B Dkl vh 1 208y, 45 SRR W
FRIKAFAE 2590~506 I35 B B A AL A ILPY I TR
L. Wb, BRI 58 A B AR VK & £ 5 AT 3 o F T
W A gy B B KR IE RS LR, B
RE A% 7™ A5 WA JL T 0T 1 il , SO Rl i iy R K i
KA 5 A T 32 7, H e RS i K vy R ASCR e A
Tz,
3.5 WHECITshH

H AT W e Ot A e S [ R S5
W ICHT 2 B 1 A] # BEOK A= sh W) 8 L] T 97 9 F
FH AR H g S oK b RAE AR o D R RGE L L
SEITSII 5E Fe 0, i i S/ A 10 10 %6 B0 fe s vl
Fk a8 ¥ (Pelodiscus sinensis) B4R B R %, H
10%6~15% AN W2 42 = B P A AL RE ) FAs e H
JUR L S A e O T A DT SRR A, DL AR 1 R A
FEMR A A LA E SR E 5 1026 LA TR BARK P X 4
HEADRLRI T o 1B T AL S M PO RE T FIILIA S
FEAL R IC T RS R

4 ZHESRE

FROKIEAE A RDRE P A AT B B A e
Rk oS EEE A L. SRR, oK
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) 3 AR AO™ B A R RE B SR Al IR il
i e LA % B 8 Ky BE 45 JC AN M B2 I 370 ik B s
PERT BEAN, Hh TR AR b 32 AR £ 453 A
FAVE g 2 B RHEORE, 25 1 s AR BT IR Ok TR
AR ERIE 1T 7, T S K g A 77 o A 25 B 5 114 67 1T 52
WA/ o PRI, SR BB A 15 G B ARDRL
AR AE RN Z — o Bedh, SROK &5 R Y i
Jot, A AR 2 Y T IR, RO T R
BB R, A5 s AR 575 T RIS

PR K 5E 42 N B K 7 SR GE R Tl — 26 Pk
%, 91 R A ) R A ) A T A ] )
TR 7 i S TR ORI SR AR R, O &
SR B A BRI A R SR, A SLTT R
PUBR IR R S T o3 . PR, R K = i g
AT ROFEAL Ak, FF BB AR SCARIE . R,
Fe FET FH T B SR A Y 5 Jo A 20 (A SR K ) I 8
AT AR B0 R RE AR, DR R JR K T AT R0 i
IR FH AR 305 B2 500, 9T AR 35 5 5 1) 4 B (A1) A
e (PLA R /A AR B i e B E B i,
SRR A2 1 B Al (CRIOBORE) A mT BB 7 R i A 3 R
ZUT A, Y R A S P TR UL, i T ik
LRI S, AN TR T A 1l 6 1) PRI £ [ — 7K
7Bl 2 3 BT AN TR] B A A HUE AR R .
IR, A TR B e WA [ I BE™ AR B CR AT 22 57
P, 764 J5 B Pk o 2t — 20 BEA TR B Be 2
ANALHIFTE , A 3 PN ) K7 Sl ) el AR v
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Progress on nutritional characteristics of black soldier fly larvae and
its application in aquatic feeds
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Abstract  Aquaculture is one of the most important ways of providing aquatic products, and the
aquafeeds, especially for carnivorous aquatic animals, requires large amounts of fishmeal. To date, fish-
meal has been recognized as the best source of protein in aquafeeds in terms of nutritional quality. Howev-
er, with overfishing, anthropogenic activities and extreme weather, the production of major fish species
that provide fishmeal has been decreasing globally year by year, leading to fishmeal shortage and price in-
crease, and thus there is an urgent need for the aquaculture industry to seek for high quality alternative pro-
tein sources to fishmeal in order to achieve its sustainable development. Aquaculture is one of the most im-
portant ways of providing aquatic products. The aquatic feeds especially for carnivorous aquatic animals re-
quire large amounts of fishmeal. To date, fishmeal has been recognized as the best sources of protein in
aquatic feeds in terms of nutritional quality. However, the production of major fish species that provide fish-
meal has been decreasing globally year by year with overfishing, anthropogenic activities and extreme
weather, leading to the shortage of fishmeal and the increase of its price, and thus there is an urgent need
to seek the alternative sources of protein with high quality as fishmeal to achieve the sustainable develop-
ment of aquaculture industry. Black soldier fly (BSF, Hermetia illucens) is a saprophytic insect, and its
larvae have characteristics including wide feeding habits, strong reproductive ability, and rich and balanced
nutrients. It is considered as a highly potential and new sources of feed protein and has broad prospects of
application in the production of aquatic animals. This article reviewed the main nutritional and bioactive
components of BSF larvae, as well as progress on their application in feeds for different aquaculture species
such as herbivorous, omnivorous, carnivorous, crustacean, and amphibian reptiles. The optimal amount of
BSF larvae in different aquatic feeds was summarized. The feasibility of using BSF larvae as a sustainable
source of protein in aquatic feeds was explored. The problems and challenges in its practical application
were analyzed. It will provide a basis and reference for developing and utilizing black soldier fly and study-
ing its mechanism in aquatic animals.

Keywords black soldier fly (Hermetia illucens) ; nutritional characteristics; aquatic animals; new

sources of protein; aquatic feeds
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