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Tab.1 Proximate composition and amino acid
composition of defatted black soldier fly larvae meal
(DBSFLM) and fish meal (FM)

% T dry matter

JFBl ingredient Bk s oey - £k

DBSFLM FM
M A crude protein 37.78 63.78
HIRI crude fat 11.37 9.81
MK S> crude ash 12.47 13.45
Wi @ AR EAA
JNERR Thr 1.48 3.08
HAEFR Val 2.46 3.14
ERAFR Met 0.77 1.90
LR e 2.12 2.69
SLHEMR Leu 3.01 4.99
KA Phe 1.53 2.64
HER His 0.92 1.48
WA Lys 2.78 5.30
KA Arg 1.38 4.46
e T A HEMR (NEAA)
REHBR Asp 2.96 6.44
27 R Ser 1.50 3.33
HHER Glu 4.95 9.33
H4Em Gly 2.17 4.50
N Ala 3.41 3.86
KA Cys 0.34 0.50
BE &R Tyr 2.12 2.41
% Pro 2.14 2.85
TR FEIR M5 TEAA 16.45 29.68
AR M TAA 36.04 62.90
i‘éj‘fﬁi:ﬁiﬂﬁ%@iei 0.46 0.48

SRR HATE], AR AR MR 2 YK (6:00 Fi1 18:00)
HEMEENIE, BRI 30 min W15,
FHIR K W v B 000 5 ke o S 60 30 ) K 3R Ky
18.4~23.4°C, pH N 7.8~8.0, ThEE Ky 27~29, Wikt
F>5 mg/L, WARME<0.05 mg/L, K45 HHT,
24 h, XA ANEEETIHEL AR5
BAELEFEILE 30 B, T &M : 10000)K
JEE K S5, FLBOLT 6 BT E#cR
I, MUFEFE 4 CUKFERE 4 h, SRJF 04000 1/m,
10 min), BUMERAFT-20 Crkaa, FHFE
M3 AE AT b5, e iR i I L IR |
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Tab.2 Formulation and proximate composition of the experimental diets

% TH )i dry matter

J At TRk diet group

ingredient GO G20 G40 G60 G80 G100
iy fish meal 42.00 33.60 25.20 16.80 8.40 0
¥ e B AN
gﬁz?:tlt‘f‘:‘d]ii:jfsoldier fly larvae meal 0 700 14.00 21.00 28.00 3300
WRUFRS krill meal 5.00 5.00 5.00 5.00 5.00 5.00
FAKFEHH cormn gluten meal 5.00 5.00 5.00 5.00 5.00 5.00
KEETH fermented soybean meal 10.00 10.00 10.00 10.00 10.00 10.00
Ak wheat gluten 8.00 9.60 13.50 17.60 22.00 25.50
falh fish oil 5.50 5.60 5.50 5.50 5.50 5.50
/NZE ) wheat flour 11.40 11.10 8.70 6.00 3.00 0.90
o-FEH a-starch 5.00 5.00 5.00 5.00 5.00 5.00
KEII#ENE soybean lecithin 1.50 1.50 1.50 1.50 1.50 1.50
A YE4 &K ® vitamin premix 1.00 1.00 1.00 1.00 1.00 1.00
AW YK ° mineral premix 1.00 1.00 1.00 1.00 1.00 1.00
Wil 445 Ca(H,PO.), 1.50 1.50 1.50 1.50 1.50 1.50
SALIETE choline chloride 1.00 1.00 1.00 1.00 1.00 1.00
AR taurine 1.00 1.00 1.00 1.00 1.00 1.00
YE squid ointment 0.50 0.50 0.50 0.50 0.50 0.50
B30 preservatives 0.10 0.10 0.10 0.10 0.10 0.10
=488 chromium trioxide 0.50 0.50 0.50 0.50 0.50 0.50
A3t total 100.00 100.00 100.00 100.00 100.00 100.00
JK4¥ moisture 9.62 9.46 9.35 9.43 9.60 9.53
HIZEH crude protein 4527 45.05 45.00 45.06 45.30 44.98
FLIEE crude fat 10.26 10.46 10.45 10.53 10.52 10.70
MRS crude ash 9.54 10.22 10.52 11.21 11.25 11.33

T a. HAEUERE N kg ARHEME: S #0033 g, 44K D0.017 g, EHW 0.127 g, 4i/E% B, 0.02 g, 4i/E# B, 0.063 g, 4zt
F B60.017 g, HAIZ 0.033 mg, EPEK 0.003 g, WIEE 1.283 g, JETLMR 0.257 g, 2R 0.09 g, M2 0.003 g, SASLIAM 2.623 g, £F4ER
0.64 g. b. EET W AE kg RAHEML: NaF, 1 mg; KI, 0.4 mg; CoCl,-6H,0, 25 mg; CuSO,-5H,0, 45 mg; FeSO,, 40 mg; ZnSO,, 25 mg;
MnSOy, 30 mg; MgSO,4-7H,0, 600 mg; CaH,P0O,, 1500 mg; NaCl, 50 mg; ¥ 7.72 g.

Note: a. Multivitamins per kg diet: carotene 0.033 g, vitamin D 0.017 g, tocopherol 0.127 g, vitamin B, 0.02 g, vitamin B, 0.063 g, vitamin Bg
0.017 g, cobalt cyanide 0.033 mg, biotin 0.003 g, inositol 1.283 g, nicotinic acid 0.257 g, pantothenic acid 0.09 g, folic acid 0.003 g, choline

chloride 2.623 g, cellulose 0.64 g. b. Compound minerals per kg diet: NaF, 1 mg; KI, 0.4 mg; CoCl,-6H,0, 25 mg; CuSO4-5H,0, 45 mg;
FeSOs, 40 mg; ZnSO,, 25 mg; MnSO,, 30 mg; MgS0O,-7H,0, 600 mg; CaH,PO,, 1500 mg; NaCl, 50 mg; boiling powder 7.72 g.
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Tab.3 Amino acid composition of the experimental diets
% T#J5t dry matter

re- e TRk diet group
amino acid GO G20 G40 G60 G80 G100
Wil E LR EAA
IREMR Thr 171 1.69 1.62 1.46 153 1.34
AR Val 1.83 1.87 1.87 171 192 1.78
FEHM Met 1.01 077 089 075 077 0.54
SRR e 1.60 1.70 1.67 149 1.80 1.74
S Leu 340 340 332 297 339 3.03
RN Phe 1.87 1.90 1.94 1.69 202 185
HE W His 0.83 0.85 085 0.74 085 0.79
iR Lys 247 233 216 199 1.83 1.61
&R Arg 226 218 209 1.85 187 1.57
b T H AR NEAA
KAHMR Asp 3.59  3.54 339 321 3.6 2.73
2252 Ser 202 201 190 1.69 196 1.78
HHEM Glu” 717 759 796 573 880 8.54
H &/ Gly' 227 217 206 1.84 1.88 1.68
WK Ala” 239 240 240 240 2.55 240
2R Cys 040 0.44 046 037 051 040
fi% &2 Tyr 1.54 150 1.60 1.50 1.81 1.70
[ &% Pro 224 238 260 199 295 3.03
%‘EZ%A% BB (o5 1660 1641 14.65 1598 1425
iﬁ\%‘iﬁ%m S 162 2203 2237 1873 23.62 2226
BEER TAA 38.60 38.71 38.78 32.38 39.60 36.51

T *FROREE IR LR
Note: * denotes delicious amino acid (DAA).

1% E (survival rate, SR, %)=& K EBE/¥Iih
EHx100;

14 H K (weight gain rate, WGR, %)=(Z&AK
WG )/ 453 E < 100;

e 4 K K (specific growth rate, SGR, %/d)=
(In R Y Hi—In W) 4R 34 8 )/ 57 58 K A< 100;

TR BHCR (feed efficiency rate, FER)=(ZLAKAK
AT AR E WG A /AR A iR S

R E (protein efficiency ratio, PER,
%)=(A RN E+ICT R~ IR IR 8 /A A B 1
%1005

JE3# J¥ (condition factor, CF, g/em’)={K /{4

K3x100;

JFA EE (hepatosomatic index, HSI, %)=HT =/
R x100;

HIEAA EE (viscerosimativ index, VSI, %)= &/
RE =100,
1.5 HESHIHoH

KM SPSS17.0 #AF# 47 B &= 25 4r Br
(one-way ANOVA), % 57 I # ] (P<0.05) 2k M
Duncan [KR 1T Z 5 LW T, Geitdh R L
PEAAREZE (X £SD)FR IR o

2 HERE5HH

2.1 FEEEKEmMEBREMENAECSELE
KinFEEERNZ M

mak 4 s, BEEBRUKFW BT, KEf
AR R TR, Hb G100 4K fAfrih %
(77.92%) 4. 3 i F HAth 41 (P<0.05), HoAlh 5256 40
R 0 4)) 0 (9 4735 00 B 35 25 55(P>0.05) . B
RORRE AR BRICE B A RBCR Y M
BRI & 2T m G TR &S, Hr
PL G40 40 i, HIER | fre KBS EA
J Ak 44 g 2 T LA S 4 (P<0.05); G100 41
FEAR, ER T X IR (P<0.05), 45 S0 2H K
41 i i B 5 A HL 38 T B 3 22 57 (P>0.05), I
W BE L) G40 21 M B 155 (3.95), HIRE G60 41(3.24),
X 20 22 18] TG i 3 1 22 57 (P>0.05), H34 I 3 5
T HA S50 41 (P<0.05) . 117 G100 ZH EAA L (8.20%)
AR (2. 71%) B8, 03 T HoAth S5 5 41
(P<0.05).
22 BEEEKtEHMEREMBTXEEERS
S5MASEEARKN M

S ATLIE H, G0 kit NLMIE &
T GO 4, HEF AR E(P>0.05), AR
KR 40% K LA b s £ (O] 28 1A o e A R AR
(P<0.05), G80 il G100 KM EH FHEFAN
235 (P>0.05), {H 2K T HAl 925 4H (P<0.05)
JUL PRHEL G 5 FTOREL AR 432 2k DU i 2 AR by /KT 1
FhEi T, Hrp BRI R 60% & LA i fAk
FELAE o UL K 4375 1 38 35 1 55 (P<0.05)
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Tab. 4 Effects of fish meal (FM) replacement by defatted black soldier fly larvae meal (DBSFLM) on
growth performance and biological parameters of juvenile Larimichthys crocea

n=3; X +SD
SiH item 1Akl diet group
GO G20 G40 G60 G80 G100
WA H /g IBM 52.40+3.26 52.08+3.31 49.87+3.45 47.30+3.11 56.53+3.77 52.56+3.73
KA /g FBM 58.95+3.68 60.93+4.71 60.34+2.95 52.77+3.98 62.21+4.57 57.34+5.51
A7 /% SR 84.17+9.43° 85.00+2.36° 88.33+8.25° 83.50+13.55° 82.50+10.61° 77.92+7.66°
HEH /% WGR 12.50+8.40° 16.99+0.18° 20.99+0.21° 11.56+0.20° 10.05+0.21¢ 9.10+0.13¢
HiE 4 K F/(%/d) SGR 0.24+0.05° 0.32+0.15* 0.39+0.10* 0.22+0.05 0.20+0.11° 0.18+0.07¢
ks % FER 0.29+0.03" 0.28+0.02° 0.29+0.03° 0.25+0.01° 0.24+0.02° 0.17+0.04¢
I BAE /% PER 111.14+5.25° 118.02+10.74°  141.74+7.60° 105.68+2.32° 103.36+6.59° 90.19+5.45¢
[ /g TW 0.62+0.11 0.62+0.05 0.66+0.06 0.59+0.02 0.64+0.04 0.62+0.09
WA bt/ % 1S1 0.53+0.08 0.56+0.08 0.65+0.02 0.65+0.05 0.58+0.03 0.64+0.02
JIE 3 2 /(g/cm®) CF 1.67+0.03° 1.63+0.08° 3.95+4.01° 3.2442.74° 1.62+0.05" 1.61+0.01°
JIEAA /% VST 7.48+0.17° 7.5240.43¢ 7.74+0.26° 7.21+0.82¢ 8.03+0.31° 8.20+0.56"
JFFAR H/% HST 1.76+0.22° 1.79+0.2° 2.08+0.12° 1.71+0.1¢ 1.9140.22° 2.71+0.76"

{E: GO, G20, G40, G60, G80 F1 G100 4331l 327 FI AR K 5t i e 3 3 B AQARTEL T 0% L 20% . 40% . 60% . 80% 100% i ki . [7]
—ATEIE A A AR R R R 25 BN B3 (P>0.05), TR 2R 25 5 13 (P<0.05).

Note: GO, G20, G40, G60, G80, and G100 denote replacing 0%, 20%, 40%, 60%, 80% and 100% of FM protein with DBSFLM, respectively.
The same letter superscripts mean no significant difference (P>0.05), while different letter superscripts mean significant difference (P<0.05).

x5 BERKIEHEMEREHTXASHNEERD NI
Tab. 5 Effects of of fish meal (FM) replacement by defatted black soldier fly larvae meal (DBSFLM) on
body composition of juvenile Larimichthys crocea

n=3; X +SD; %
O Tk diet group
TiH item
GO G20 G40 G60 G380 G100

JK43 moisture 70.24+0.52 69.70+0.85 70.15+0.47 70.58+0.62 71.04+0.41 71.09+0.37
HIEH crude protein 18.64+0.11* 19.22+0.17° 17.99+0.15° 16.29+0.12¢ 14.45+0.14¢ 13.34+0.12¢
MRS R crude fat 7.61£0.12¢ 8.23+0.14° 8.17+0.17° 8.67+0.15° 8.80+0.18% 9.11+0.14°
MK 4> crude ash 1.86+0.02¢ 1.99+0.04¢ 1.97+0.02° 2.16+£0.01° 2.25+0.03° 2.49+0.02°

:: GO, G20, G40, G60, G80 1 G100 433l 327~ F A At it g k43 B AR IRDEL T 0% . 20% . 40% . 60% . 80%F1 100% 1) fiu iy 2 1. [
— T EE A A A R FR 22 R 1 2 (P>0.05), TR [ 38R 22 57 1 3 (P<0.05).
Note: G0, G20, G40, G60, G80, and G100 denote replacing 0%, 20%, 40%, 60%, 80% and 100% of FM protein with DBSFLM, respectively.
The same letter superscripts mean no significant difference (P>0.05), while different letter superscripts mean significant difference (P<0.05).
M6 T AL, G0 4l KE MmN LFHE 2.3 BREEKICHMEBEREMNKEESEMF
MR M (TEAA) . JE 7T EUE R MORH(TNEAA) A L3BAREI M
REHERR D (TAA) R I m, Y@ ER(EAA)T R 7 0L, £ 40 SE 8 fa i i b 1 ER L (A/G)
BT Arg Sh5 T HALL, EATFEIEMR T Asp. TR FZEF(P>0.05), Bl AR A5G 2 K i d
Ser, Glu 5 Cys # & m T HMA(P<0.05). i BEAQMKmKEN BT, S TP Sk
iR S K HUy AR AR K B, LA s R IR S, HAE G20 ik m K
TEEA 2 FREEE, HEBEKTXRAG 4)  {H. EKE(GLOB)TE GO, G20 F1 G40 HZ ]2
(P<0.05), H:rp Met fl His S5XFHBAM L TR N FARE(P>0.05), YEMRKFEIT 60%HH N &
A FEAR(P<0.05), ALT Fl AST i M 06 % #: 0
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Tab. 6 Amino acid composition of juvenile Larimichthys crocea fed different experimental diets

n=3; X +SD; % T ¥ i dry matter

R4 diet group

Wi H item
GO G20 G40 G60 G80 G100
DT EER EAA
JN2 R Thr 2.90+0.01° 3.05+0.01* 2.82+0.01° 2.92+0.02° 2.65+0.05¢ 2.74+0.00°
iR Val 2.98+0.03° 3.09+0.03* 2.88+0.02° 2.97+0.04° 2.66+0.05¢ 2.79+0.03¢
AR Met 1.80+0.04° 1.87£0.01° 1.76£0.04° 1.6240.06° 1.35+0.01¢ 0.83+0.04°
SRR Lle 2.60+0.03° 2.81£0.02° 2.64+0.03" 2.69+0.05" 2.39+0.02¢ 2.53+0.06°
5% Leu 4.93+0.03° 5.21£0.04* 4.89+0.05° 5.06+0.04° 4.56+0.03° 4.73+0.09¢
KN Phe 2.65+0.02° 2.74+0.03* 2.50+0.05° 2.60+0.03% 2.37+0.02° 2.51+0.05¢
2H 7 i His 1.310.01° 1.37+0.02° 1.2840.01° 1.30+0.02" 1.18+0.02° 1.22+0.01¢
% Lys 5.90+0.09° 6.24+0.07° 5.77£0.10° 5.90£0.12° 5.27+0.04° 5.47+0.05¢
TR Arg 4.00+0.13* 3.99+0.08" 3.73+0.07° 4.00+0.07° 3.62+0.08° 3.62+0.06°
T H AR NEAA
KL Asp’ 6.54+0.02° 6.84+0.05" 6.32+0.04° 6.59+0.01° 5.87+0.12° 6.18+0.01¢
225 % Ser 2.82+0.02° 2.93+0.03* 2.70+0.02¢ 2.86+0.02° 2.59+0.04" 2.64+0.01°
B A Glu” 10.00+0.05¢ 10.50+0.07° 9.84+0.14¢ 10.30£0.13° 9.57+0.07° 9.58+0.06°
H&Em Gly' 3.52+0.03° 3.31+0.01¢ 3.06+0.01° 3.74£0.01° 3.67+0.03° 3.28+0.01¢
NER Ala’ 4.00£0.11° 3.98+0.07* 3.70+0.07° 4.03£0.01° 3.79+0.06° 3.78+0.09°
LR Cys 0.59+0.03° 0.75+0.03* 0.41+0.05¢ 0.40+0.03¢ 0.62+0.02° 0.51+0.02°
fig 2 82 Tyr 2.17+0.02° 2.29+0.08° 2.20+0.08* 2.28+0.09* 1.99:0.04° 2.14£0.14*
[l %2 Pro 2.24+0.09° 2.27+0.05° 2.25+0.06° 2.20+0.06° 2.63+0.17° 2.1540.02°
W IR B it TEAA 29.14+0.22°  29.85+0.21°  28.27+0.08°  29.31+0.08"  25.53£0.22°  27.23+0.26°
JEL TG E IR S TNEAA 31.88+0.11°  32.87+0.15°  30.48+0.09°  32.40+£0.10°  30.73x0.08°  30.26+0.16'
iR 24 5L R S i TDAA 24.06+0.09° 24.63+0.08* 22.92+0.10° 24.66+0.10* 22.90+0.06° 22.82+0.02°
MR TAA 61.12+0.30° 62.72+0.33" 58.75+0.03¢ 61.710.05° 56.26+0.16 57.49+0.41°

#: GO, G20, G40, G60, G80 F11 G100 437l Fe 7~ HI ZE K - i fg Uk 43 i B AR ARB R 0%, 20% . 40% . 60% . 80%FT 100% 1) Fi A 2 1.
FROREER B IR, W17 EE A A TR R 22 5 R B3 (P>0.05), FREARE FRR 22 57 B3 (P<0.05).

Note: G0, G20, G40, G60, G80, and G100 denote replacing 0%, 20%,

40%, 60%, 80% and 100% of FM protein with DBSFLM, respectively.

* denotes delicious amino acid (DAA). The same letter superscripts mean no significant difference (P>0.05), while different letter super-

scripts mean significant difference (P<0.05).

KK B TH & g b, G20 5 G40 =R A
35 (P>0.05), {H & 2 I% T HAB R R4 (P<0.05) .

ALP A B7E G80 4, HEEWT Go 4
(P<0.05), K& G80414h, BE# MM B K4 a,
ALP JEPE SRR I TR, &S00 4] 500 i
T GLU /K- 3 & T4 R 41 (P<0.05), HAfLd
G60 Wi, BAARM BT G40 4 KH
1% TG Al CHOL /K- F-¥ i 2w T GO 4, (HEF
RIKFE#E 1T 40%HF, TG 7KF-F1 CHOL /K2 %
F%(P<0.05), G20 sLEufa g+ HDL /KF5 GO

WA 2 R (P>0.05), {HE LK 73
40%VA 1B HDL 7/K-F-3 g 2 %A%, G20 5 GO 41
SEEsfa LG LDL KFAHE, BAKT-IE 40% T B
A TREEAR B3 (P>0.05), BK L 60%L I
i) LDL 7K 3 & 2 [# K (P<0.05), G80 5 G100 41
LDL /K- RAR R B ZH A 50% LA T o
2.4 Fifg Bkt R ER A Mk E &4 & RTAE
mMEsENREm

& 8 FTLIE i, fakh b i e B /K - HUky B
ARy AT DL 3 4 i K B N S T AR A e
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Tab. 7 Effects of fish meal (FM) replacement by defatted black soldier fly larvae meal (DBSFLM) on
serum chemical parameters of juvenile Larimichthys crocea

n=3; X +SD

Btz Tk diet group

index GO G20 G40 G60 G80 G100
BEH/(g/L) TP 20.65+0.35° 21.10+0.14° 21.00+0.14% 17.45+0.07¢ 17.50+0.00¢ 19.20+0.00°
M2 H/(g/L) ALB 2.20+0.14° 2.50+0.00° 2.35+0.07* 1.90+0.00° 1.95+0.07° 2.30+0.00°
ER#E H/(g/L) GLOB 18.45+0.49° 18.60+0.14% 18.65+0.21° 15.55+0.07¢ 15.55+0.07° 16.90+0.00°
FEREE A/G 0.12+0.01 0.13+0.01 0.13+0.02 0.12+0.04 0.13+0.03 0.14+0.01
& 55 E I /(U/L) ALT 6.50+0.71¢ 9.00+0.00° 9.50+0.71° 13.50+£0.71° 14.00+0° 16.50+2.12°
2 G i /(U/L) AST 30.5040.71° 65.00+0.71¢ 70.50+0.71¢ 79.50+0.71° 84.50+0.71°  98.50+0.71°
Bl B ER ARG /(U/L) ALP 13.00+0.00° 12.50+0.71° 9.00+0.00° 9.00+0.00¢ 14.50+0.71° 8.00+0.00°
%4 B4/ (mmol/L) GLU 5.65+0.07¢ 7.80+0.14° 8.30+0.00° 10.60+0.00° 8.35+0.07° 10.00+0.14°
H 7 = F§/(mmol/L) TG 1.88+0.00° 2.24+0.03° 4.21+0.01° 1.32+0.01° 1.26+0.03¢ 1.24+0.01¢
fIH [# % /(mmol/L) CHOL 2.4240.02° 2.70+0.08* 2.63+0.04" 1.62+0.01¢ 1.42+0.02¢ 1.50+0.02¢
T % BE R 26 14 /(mmol/L) HDL 0.28+0.01° 0.28+0.00* 0.15+0.00¢ 0.16+0.00° 0.17+0.01° 0.13+0.00¢
I %% B 5 8 F1/(mmol/L) LDL 0.57£0.10° 0.58+0.06° 0.50+0.06 0.34+0.04° 0.22+0.01¢ 0.27+0.01¢

{E: GO, G20, G40, G60, G80 F1 G100 4331l 327 IR K - it i e 3 3 B AQARTEL T 0% L 20% . 40% . 60% . 80% 100% ki . [7]
—ATEIEA A AR R R R 25 BN B3 (P>0.05), TR 2R 25 7 1L 3 (P<0.05).

Note: GO, G20, G40, G60, G80, and G100 denote replacing 0%, 20%, 40%, 60%, 80% and 100% of FM protein with DBSFLM, respectively.
The same letter superscripts mean no significant difference (P>0.05), while different letter superscripts mean significant difference (P<0.05).

®x8 MEBKIABBREMIKREGEYEFHERELENNZIE
Tab. 8 Effects of fish meal (FM) replacement by defatted black soldier fly larvae meal (DBSFLM) on
liver antioxidant enzyme activity of juvenile Larimichthys crocea

n=3; X +SD
st fAEHH  diet group
index GO G20 G40 G60 G80 G100
M 2 4L Bk
SPUAEALREJ1/[(U/mg( prot)] 0.05+0.03¢ 1.69 £0.49° 1.4140.63¢ 0.76£0.12 | 60£0.40° 0.9420.14¢

T-AOC

- )
i%iwﬁ%ﬁ{mﬁ/[wmg(pm)] 196.90£13.86™  206.0249.60°  213.3+11.76°  204.83+16.93° 181.8+19.09"  172.90+£19.29"

i3 &ML &/ [U/mg (prot)] CAT 62.7242.10° 58.16+3.99° 41.10+3.26° 39.46+2.85° 28.5841.39% 17.00+6.53¢
T —¥/[nmol/mg (prot)] MDA 4.34+1.38¢ 3.15+1.91° 2.9441.29° 5.38+1.71° 6.46+1.58° 8.99+1.26

{E: GO, G20, G40, G60, G80 I G100 43531l 73 I B K i it I s 3 3 R ACHRDEL T 0% L 20% . 40% . 60% . 80%F1 100% ki . [7]
— TR A LA AR R R 25 R B 3 (P>0.05), PR R R 22 57 835 (P<0.05).

Note: G0, G20, G40, G60, G80, and G100 denote replacing 0%, 20%, 40%, 60%, 80% and 100% of FM protein with DBSFLM, respectively.
The same letter superscripts mean no significant difference (P>0.05), while different letter superscripts mean significant difference (P<0.05).

(T-AOC), HA Lk G20 A mfxm, BE® THAM (RSB LHEER] 40% K UL L, CAT i M
B AL(P<0.05), GO A%, HA G20 41 3% /4 B3 FFE(P<0.05). MDA &= RkE&E B L alr Tt
i SOD iR ACLL B P2, 78 G40 dliks] &, EIETIEE L&, G40 41 MDA &
X KAE . CAT i PN & B ok bl g s T X B 41(P<0.05), ZJ5 EJHHETE G100 4ik
TR, G20 15 GO A5 A REP>0.05), HEfE.



F54 sRERS: BUIRFUKIC RO BB R g AR R I A SR AR T AL RE ST 531

3 it

3.1 BiREEE/KItHMERaMTRELSEEK
MEFERNZM

ARSI 25 SRR, AR R K HORs B AR R
Hr 80% ffufn I AN K ot TG 32, (HoE R
RN 25 i 2 B AR A7 18 %, I H & B AR R
(40%) W H A K P AR AT S I, FZR A K32 3
wAL . I L e E SRR 5 A 2 0 T R R Y
M, ASLISAEBE T 50 5 S A — BN LR,
Ko A K FEZ AR R A M, il I R
TR 8 A HEORY B SRR A A, o i SR S A
AR (W R . BEARANE AR & A
AR, B o B A B, bk i
ST LR T i I T R (R 3). I, Y
BAUKE I 40%H, fApRHH X Se R R AN
Rl LR HE fa A K B SR K g e, A
SIS AR T R A R e 1S LR SOR R
ik, R R T g2 S g M SRR K, HAEE K
Vet iR TRt AR R A A e, XA K AT RE S
T 8 — A i JE R o

TRE 7K A8 2 1 7 i 7 TR Sk v B2 AN 10 R i I 1R
(HUFA), i S K b HORy iR 5 A B AN RS i R 32
Fi% 18:1n-9,18:2n-6 /b & 18:3n-3, 20C K& LA |-
A FAG IR S M 2 ASHT 7 1) S K -
Hoky BARE WG, (FRHAE I & AR 11.37%,
Sz kL HUFA 75 1 Rl 5 I A R K i O AR
R KT BT R B, 3X A RT e e
W BRI IR & AN R R B i A K, [RIA
TRk rh R 43 B it B I Al R Kl ok A £
M Ee A T i G T, 3 AT BE AR 2 R AR AR R S
Pk, H AT 3 A R 3R Y o B e D
NI S BR824 K i AR R R
32 BEE/KiAMBREMTKXEESEERK
IR

AR S 56 v et v B K i R Ry B AR R KO
it 40%H, JROE gl LA oML S H R
A7 2 PRI (P<0.05) o i 5 HoAth— 2L B 2R
L BIF S 205 SR AR 2002224, 5 T i J2 i 25 2 /K o
HoBy B A AR K19 T, Rkl b e e i 2 3

iR O 2 R . B 2R ARG &) A A2 1 5 | e a1 L PR
LU A 49 45, 1 T s T oK AR R 1 R 5 S DT
oM, KRR & A 2 &G, X
5 541 4250 i (Lateol abrax japonicas) 5T
45 RAH—3, T Kroeckel 25U RS2 6EHF 7T &
IR i AR IR I et B ) Ak v B K b gl A R AR
LEER i) S A T N N T W S e N K T e

MIJE R AT RE S SE s 2k . fafh . B E AR
FARBEE SR AN R A O o AR S0 R B A0 L IR R
IR 53 Er ik Bt 2 SR KOl SRy B A AR AKOT- 1 T
ETh i, X AT e KT Ry S B A (T
IR 7.56%, 290 2 45 e,

Hu 2ROV 53 % B SR K -4 ks A 0 e o
25% th k53 I i dnb 25 [ A1 2 £ L P v ) 2R URR R
DRV R o W B iR} B KOl Bk B A
325 i ) Rk Y R JE R 4 A, S e i L A v
2R, HARMEARSELAREELRY, A
S 2% Al R I A P K i Uk AR Ry T —
FERE s R f g e LA i E LR ALK, BEE
JI B S K b OB AR R KT R, R B
W TEAA .35 T FE(P<0.05), Horb 8 2 R i
MR 5 % B AL AR L T R4 3, T RE S SR K i HURY
HIX 2 Fhva BRI % s BN OC . TAA A1 TDAA 7
—EFREE bR ILPR BT, ARSEES G20 4K
giifa LA TAA FI TDAA ¥ 55, 13w TH
S5 4 (P>0.05), 1 B3 B KPR SR K e Ry
B A T LA S8 Aol 2 R i A o, B P A 4 v o)
B A0 %)) 0 JIL P T RO 7 A A RS
33 BEEEkirHmEREaMEREALSENF
4L IBIRRI RN

AHEFE G20 Ml G40 K E M faii i ALT
5 AST {GPEMIXT GO 414 Fr Ik, EAAL FHAIK
K, oK OBy B AR 60% & LA Ly fif
KL ALT 5 AST {ETHE iR A K,
TR A5 8 K B A T RE XS B 7 A — 58 IO B
Mo TR SPSRET  k B i o8 A RS ke
() (A sE, 5 & % 31 . (Oreochromis  niloticus) Ifil
i ALT 5 AST MR A, AEAMEREN
FEAR P R A A 20 M 3% MLV B o TR T A
B I 42 S W U P 2 1 IR ), AR Sz o
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WE&E BB TS, BEASAEAKTFREE
STt E IR R RIS, 7 G20 dlikfcokfl, Bl
JI5t R B K Ry 3 AR R P R s i R B A
IR B 2K 1 U RE 7 (R Li 250 g e o e
I 2% AR R ER B B d AN 52 SR /KOl 70 5 XK
SERY RN, X RS A . B R R SR VR K
TR SRR o ARSLE T G20 K # fa
gifaimig HDL /KF5 GO 4R AR
(P>0.05), Fifi 75 JIi fig 2 K s HEOR 5 AX f008 25 K
S T, R £ &y £ if i AP OB IE [ S (CHOL)
K HDL 7K &t 3 [ (P<0.05), 31X 5 B /K - B #y
AR Ry BE R I IR M 7 (Dicentrarchus labrax) Ifil.
I B B T g 45 SR A — 2, AT R R T
PR 4y IR R S AT ok, e i AR
S DR v L AV o | R R 4 £
75 AR [ K R AR S0
3.4 FRfs Bokar i ER AWM K E AL &R
mMEEEFm

ASZE G20 A5 G40 2H K B 0 4 1o 1T ik
T-AOC 7KF-F1 SOD i 5% 41 (GO 1) L 2
BT, (RS R K T 40%HT,
P AT TG VR T B, FR UK 60%
i FAE MDA %5 it i 3 | T (P<0.05), B g AR50
X5 . (Mylopharyngodon  piceus)# #F 5% & i, 1
BRI 2.5% M B Ry BT DL 3 R v T LS A
JFWEH SOD Fil CAT i1, B&{K MDA & &, SCiE
1 255 U2, 7] T 68 EL RS 5 A 2008 o 8 38 £ 0 A7 50
5, SRV AR T 20%8),
oK MDA &R, SOD Gk E I
T, DA Ay A B E Ry v )T B IR S e T M T
HETYER . 2R AR IR A 5% % B, Bt 5 4Rk
JI8 i PR oy R AR AR KT B T, T i
MDA # i T o AR A E] TR LR, X
AT RE B gl R R N SR BT IR . ST RME .
B YE Y R, 38 YT s el L
P iR e e g1, A AR S
Jo A7 T 5 i B

AL AE SRR, AL ANT, B
PR K i O R AR ) 40% 0k B R R B
g A PERE . AR B A FEIR I T T T 52
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Effect of substitution of fish meal with defatted black soldier fly larvae
meal on growth, body composition, serum biochemical parameters,
and antioxidant capacity of juvenile large yellow croaker (Larimich-
thys crocea)

HAN Xingxingl, YE Kun', WANG Zhiyongl, CHEN Fenglinz, CHAI Zhiqiangz, ZHAN Wei’, WANG Qiurong1
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Abstract: This study was conducted to evaluate the effects of replacement of fish meal (FM) by defatted black
soldier fly larvae meal (DBSFLM) on growth, body composition, serum biochemical parameters, and antioxidant
capacity of juvenile large yellow croakers (Larimichthys crocea). Six isonitrogenous (45% crude protein) and
isolipidic (10% crude lipid) diets were formulated by replacing 0, 20%, 40%, 60%, 80%, and 100% of FM protein
with DBSFLM (named as G0, G20, G40, G60, G80, and G100, respectively). A total of 2160 juvenile large yellow
croakers with an initial body weight of (50.08+3.31) g were randomly divided into six groups with three replicates,
and 120 individuals for each replicate. Fish were reared in an indoor cement tank (2 mx1 mx1 m) and were
hand-fed each diet to apparent satiation twice daily for 7 weeks. The results showed that survival rate of G100 was
significantly lower than the other experimental groups (P<0.05). Weight gain rates, specific growth rate, and
protein efficiency ratio in the G40 group were all significantly higher than those in the other groups (P<0.05). The
muscle crude protein content decreased as the DBSFLM replacement level was increased, particularly when the
replacement level exceeded 40% (P<0.05). Crude lipid and crude ash content significantly increased when re-
placement level reached over 60% (P<0.05). The activity of serum ALT and AST significantly increased, and se-
rum TG and cholesterol levels significantly decreased with the increase of the replacement level (P<0.05). Total
antioxidant capacity (T-AOC) of fish liver in the G20 group and superoxide dismutase activity (SOD) in the G40
group were the highest among all groups. The lowest liver malondialdehyde (MDA) content was found in the G40
group. The catalase (CAT) activity decreased and was significantly lower when replacement level exceeded 40%
(P<0.05). In conclusion, up to 40% of DBSFLM may successfully replace FM in diets for juvenile large yellow
croakers, without adverse effects on growth performance, body composition, and health status.

Key words: Larimichthys crocea; defatted black soldier fly larvae meal; growth; body composition; serum
biochemical parameters; antioxidant activity
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