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BIRRAC by LA T AR R AR KRB RO AT . SR ELB (8% ) BRARALAHILL , o LU 81 (24 % ) AR AL AR T 1kt
R, HBA FHE AR LA AR L i a3, FRoKIE 4l Bk i B A0m & = Y C12: 0 1 CI18: 2n-6, REAE T 2 1
JEXHRE AL AT 18 RRASR AN 07 2 1) 75 2R 5 B /K &l OBy A AR N4 2 T # A C14: 0 il n-6 IR U R 1 5 o
S5, KT L)y HRy R R RS SR Dy fili4)) £k e 249 L P 9 OB S S 8 A AR 9 AR K R4S L UL BT b

FERAR S s IR EL B (8% ~16% ) e A Qi AT A2 A48 o A PR RE AN BRDRL A F B
KA : MoK WSRO AR ERE; ORI MR WIRR

HES%ES: S 963 HERFREAS: A

A0 K 3 0 o 2 TR
AR Y 240 FE LA T 40 22 3 B ) K
FORHEIN B 7 RS TRE,
AR AFLXE L, 60 6 AT B 0TT 4% 1
2 4R 03RRI B
VAR B R 667 0t 5 D A0 2
86 56 ) LA 8 10
BRI T S NK AR K LS
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( Dicentrarchus labrax )™ | # #8 ( Cyprinus carpio
var. Jian) ®) K ( Larimichthys crocea) ™
it ( Pelreobagrus fulvidraco ) ™" 24 fe} v i
K BB R AER 23 Ry A UG R AR RICR

i 202K J5 B ( Takifugu obscurus) Jy i JE H
( Tetraodontidormes ) fifi 8} ( Tetraodontidae ) %< J7 fili
J& (Takifugu) , PR Sl H 6 56, 28 R 0 &5 4t e
HAERSMET N W 8UR 7t %] ) k) o 2
R R, 20 46% ~49% 1 WGEUZR J ti
PR TE DR LR e AU 13 HiR S
(- T i I 22 45 W pi TS5 40 4R AL/ B ) A
FAZE BRI ZESE, R b s I R K BOB AF S H
BRI R, TR K OBy A R S i 2
Ttk ek 185 SR T i A A 1 RE 1852 T 3 R DL 41
I, PR, A 52 56 BF 5 2R K Ry B AR AN [ L 4]
) U T 195 SR Oy Bl 4y # A K VR BE AR L4 | il
THAALTR BRI R

U BRIk

1.1 Eigit5Lmemet

SERGGRDRHR F fa0ky L SR R R Ry AN
WERE AR, A mE N E RS RN 47% ,
BEWG S 29 11% o FI K o4l BURy B AROAS
[] LA g fe ks (R AR 0.8% 169 i 24% 11y £ K5y )
el s 4 Pl 2 055 R 0 S 56 R RE, 43 e R
HMO . HM8 HM16 Fl HM24 (3 1), HsKii4h
T A SE BTN RS R A R A R A A
SRR Ay BAEARIR A5 1 T DR AE o AR 5258 i 28
KTl R HEA TR AL B, 2R A 34.90%
NEWI & R 37.94% o K4y BB B R , 552 40 1)
HH B S % R MERR T R T I 5 F /)N Y LR
FFEEEALHRIS BLAR 290 3 mm 1 S50RER A8}, BT
B rEME IR T - 20 CR AR, R, B
FE I 2 R (32 2) FAR TR (3R 3) -

®1 4MIBRABBEFTREFKFE(%TFUR)

Tab.1 Formulation and proximate composition of four experimental diets ( % dry matter basis)

. T ¥l Diet

JASY Ingredient HMO HMS HM16 HM24
ft 53 Fish meal' 42.00 38. 64 35.28 31.92
F kAW Com gluten meal 13.00 13.00 13.00 13.00
TH] Soybean meal 10. 00 10.00 10. 00 10.00
INZEH Wheat flour! 24.28 23.04 21.80 20.56
k- Black soldier fly larvae meal’ 0.00 6.80 13.60 20.40
B4 5 TR Mineral premix! 0.50 0.50 0.50 0.50
2 ZHE R Vitamin premix! 1.00 1.00 1.00 1.00
Wil2 — 245 Monocalcium phosphate 1.00 1.00 1.00 1.00
4% C Vitamin C 0.50 0.50 0.50 0.50
Z{ALIHBK Choline chloride 0.20 0.20 0.20 0.20
P57 Attractant 0.30 0.30 0.30 0.30
A FE MMk Ethoxyquinoline 0.02 0.02 0.02 0.02
=% L 42 Ytrium oxide 0.10 0.10 0.10 0.10
B JE% 7] Mold inhibitor 0.10 0.10 0.10 0.10
fjHl] Fish oil 7.00 4.80 2.60 0.40
411 Total 100. 00 100. 00 100. 00 100. 00
2o b
M H Crude protein 47.64 47.48 47.78 47.71
NG Crude lipid 10.77 10.70 10.52 10.97
7K 43 Moisture 7.17 6.08 6.62 6.54
K4y Ash 8.29 8.87 9.18 9.43

=1k UM EORE R M TR A RIURRA/ N AR (5 S AR AR ) TR AT R 75 2. SRSl s 1

AR R R AL

Notes: 1. Fish meal, soybean meal, com gluten meal, mineral premix, vitamin premix and wheat meal were purchased from Qingdao Green

Biological Engineering Co. , Ltd; 2. Black soldier fly larvae meal was purchased from Guangzhou Feixite Aquatic Product Technology Co. , Lid.
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Tab.2 Amino acids composition of four experimental diets ( % dry matter basis)

SULER Amino acid 17} Diet J5R Ingredient
HMO HMS8 HM16 HM24 iy FM SEKd HM

EREBR Tau 0.33 0.31 0.27 0.24 1.11 0.17
BEA R Cys 0.38 0.37 0.44 0.41 6.55 0.27
22 R R Ser 1.88 1.94 2.00 1.86 3.08 1.22
B R Tyr 1.61 1.57 1.74 1.65 2.77 1.45
KGR Asp 3.78 3.86 3.84 3.61 10.17 2.38
B[R Glu 7.74 7.80 8.02 7.46 4.34 3.78
H&m Gly 2.17 2.17 2.25 2.11 4.55 1.51
HE R Ala 2.68 2.72 2.91 2.76 0.55 2.30
IR Thr 1.79 1.84 1.84 1.72 3.51 1.16
SRR Val 2.07 2.00 2.13 2.02 2.02 1.63
HEAR Met 0.46 0.68 0.93 0.67 3.04 1.84
REABR e 1.80 1.75 1.85 1.75 5.23 1.30
AR Leu 3.91 3.91 4.08 3.80 2.36 1.98
KINE IR Phe 2.19 2.20 2.23 2.16 2.99 1.21
WL Lys 2.38 2.37 2.34 2.17 5.17 1.65
HZ R His 1.21 1.22 1.26 1.12 2.60 0.71
KA BR Arg 2.32 2.37 2.36 2.17 3.97 1.51
W BIERR SEAA 18.13 18.36 19.02 17.59 31.62 12.98
KU AL iz SDAA 16.38 16.54 17.02 15.94 25.62 9.98
AL STAA 38.70 39.10 40.49 37.69 64.03 26.06
T MUK B RR A HE K R BRI HZ RN AR

Notes; Flavour amino acid includes Asp, Glu, Gly and Ala.

R3 A FLGRABEIAEAERAN ( % 2AEHE)
Tab.3 Fatty acids composition of four experimental diets ( % total fatty acids)
il 1A} Diet JEUR} Ingredient
Fatty acid HMO HMS HM16 HM24 fky FM AR HM

C12:0 0.07 3.17 6.10 8.85 0.00 12.81
Cl4:0 4.98 4.44 4.02 3.59 6.52 3.54
C15:0 0.77 0.62 0.47 0.32 0.21 0.13
C16:0 25.39 24.90 25.01 24.53 28.02 24.95
C18:0 6.79 6.27 5.87 5.54 6.89 4.31
> SFA 38.00 39.40 41.47 42.83 41.64 45.74
C16: 1n-7 4.45 3.71 2.97 2.41 6.73 1.95
C18: 1n-9¢ 18.15 20.27 23.01 24.68 11.72 28.45
C20: I1n9 2.67 1.80 1.17 0.49 0.86 0.14
C24: 1n9 0.79 0.55 0.41 0.26 0.78 0.76
> MUFA 26.06 26.33 27.56 27.84 20.09 31.30
C18:3n-3 1.99 1.72 1.59 1.41 1.77 1.36
(C20:5n-3 5.78 4.10 2.69 1.41 13.57 0.25
C22:6n-3 12.15 10.29 7.12 5.36 20. 94 0.07
n-3 Y, PUFA 19.92 16.11 11.40 8.18 36.28 1.68
C18:2n-6 14.44 16.11 17.83 19.74 1.96 20.37
C20:4n-6 1.10 0.89 0.75 0.64 0.99 0.31
n-6 Y, PUFA 15.54 17.00 18.58 20.38 2.95 20. 68
> PUFA 35.46 33.11 29.98 28.56 39.23 22.36
>n-3/Yn-6 1.28 0.95 0.61 0.40 12.30 0.08

. SFA. MERIRIIR ; MUFA. BURUFIENTRR ; n-6PUFA. n-6 RINZAEHIEHIER; n-3PUFA. n-3 RINZ AERINRHIR.
Notes: SFA. saturated fatty acids; MUFA. mono-unsaturated fatty acids; n-6PUFA. n-6 poly-unsaturated fatty acids n-6; n-3PUFA. n-3 poly-

unsaturated fatty acids n-3.
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1.2 IEAGMFEERE

IS5 R (16. 33 £0. 34) g (1] —4it A
TET RYRESUR 7 i gyt (VL7538 ) Ay 55 50 %f
B FRFE L I AR VLS e B o 1T
ST AT, RS2 56t H B ARDRHE IR DI 1R
DATE RS, 9 Ak 235 o F5 DAL P 957 1 10 2 £ i
FAAE - 20 °C ARG S04, SR 5 St AL 73 3]
2 PR AR (B x B =1.5mx0.6 m)
W REA 3 A E A, B 30 B, 4 K7:00 11
30 F116:30 F LG MWERMWME ., R E
WK TRIE, B R /N S K 2/3, 525
BFA] A 2020 4F 8 H 31 2020 4 11 7, 3756 8 1k
56 d, FRFALFE AR ML T IR K, KRR 20
~24 C | Je iy R BRI R 24, I %) 37 5
HLHEATIIVE , B K0 s 4% FRFA L iR BHEA & DL K
BILT IO
1.3 H#mRXESHW

TEFRFH LI AE AT 24 h 45 R4, Se 1145 57
BELT P T R B IR AR BT A, B L BE AL
PRI 6 FEfa R HEAT SERG ST , 1l i FE w IOk IR L )
T4 CE&MFEELS 6 ~8 h, ARG ES.0 10 min(4 C
836g) ARAGIMLIEAT: it o T8 Ao fifp 1) 4 A R ST T T
AL o B IBATRORE i 24 38 Tl A PR, B
JE PR ) - 80 CURkAH Hh i Ar LARR i — 20 525
WSS G B aTRENLPRE 4 Rt -20 C ik
i

e e} R e A ZE LR LR T KL K 4
FIK 32l AOAC (2005 ) J7 % 1647 #Y9, 105 °C
HETVEINAS K 3 & R B S A P RE A
{05 (Kieltec 2300, FOSS, F+32) s KR D5 ) H]
R %2 ( Foss Tecator, Hoganas, i) ;
HLUB 53 ) 5 3 47 ( Thermo F6000 #1) it (550
C) BRI E s T JULPA DA ST 4 28 BE R 5
£ 6 mol/L fYERERH 110 C /K 22 ~24 h, K5
F) A & 3788 4 #r ¢ ( Hitachi 1-8900 automatic
amino acid analyzer, Hitachi, HZ<) % ; I &4
AAE bR A R Bt a0 & A s i FH S 57 25
N 5 A5 A (1) TMS-Pro 5731 43 A4S 2 LA J5t
b WME S AT RBEIREE 23 °C, 8 mm BIEHRK,
JE4R % 30 mm/min, JEAR i 30% . U2 $E bRl
TR Rb BRI N SR RSP L SR R
T sE LA 0T A 7 12 4R R £ 3% 43 ( GC-
2010 Pro, By, HA) FEATRN 1 Sokert i

Frve U THRAL B, R )5 S5 T KOH-HT ] HCL-
FEELE 72 CRME 264 R AT W R AL, R W R
B FHIE CRe A . M T U AT e B
#: (SH-RT-2560, 100 m x 0.25 mm x 0.20 um,
HARHEE) KO B IR THRRE R B 1S
C/min [EARM 150 C FHiEiF] 200 °C;5R5 LA 2
°C/min @R M 200 C FE 5] 250 °C W5 548 Al
PR g 1) 5L B AR 250 °C o 524 FH 4l W R
FAXE T B MR 5 70 LR

L4 #HERK

S, =100 xN/N, (1)

Wer =100 x (W, =W, ) /W, (2)
S = (InW,InW,)/D x 100 (3)
Foo= (W, =W,)/F, (4)
PER:(Wt_WO)/Fp (5)
Py =D /F %100 (6)
C,=W,/L,> x100 (7)

Hy =W,/W, x 100 (8)

Vg =W /W, x100 9)

e Sy WAETER, % 5 N, WAKBEG N, IP)
W REG Wo WRIER % ; W, NERIEFR, g;
W, AWK, g3 So MFFEA KA, % /d; D
HESEEEREL, d; Fo AIRRISCR ; F, R RRHEA
i, g; P WEEGRRCR; D, AE ARG,
g; F, RRAE AR, g; P AHEE IR
% ; Cp NIEWE , g/em’; W, KRR, g
L, IR K, em; Hy MHFREL, % 5 W, o JIF I 5
7, g5 Va WKL, % 5 W, NI, g,
1.5 FZitAx

fili ] SPSS 26. 0 R ¢F 347 5 K 2 7 22 43
(One-way ANOVA) , 22 53k 21| g FHEAKF- (P <
0.05) JUFH Tukey 35 HEAT4H7 00 400 L P-4
{8 + #rifEiR (Mean = SE) 327K .

2 4k

2.1 ERiEge

SRl HURY (TR I A2 3 R T RS SR T
ff 14 ) R 0 TR B L AR G RAE 5 BEE (P <
0.05) , i} 54 A i A J K - R by 25 A L 9] ) 3
IS TG T R S, A L AR L e
i B B A AR L B i S B 2 B TR (3R
4) o BARM TR AR R AR RE R
TAPRRCR MR B AE 45 21 2 () e 35 1 22
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F(P>0.05), {Ef—HAYE, BEE R IR AR AR 8 B B3R 0 TG 2 %5 1
BAUKF B30, BAR A AL B E e R Ry 225 (P >0.05) fHEA e ETHE TR @S

x4 EARBKIGHRBBEREMKENBLRFEHERKERNZMN

Tab.4 Effects of fishmeal replacement by black soldier fly larvae meal on growth performance of Takifugu obscurus

TH Tk} Diet

Items HMO HM8 HM16 HM24
WG F R IBW/g 17.41 +1.03 16.14 +0.34 15.52 +0.17 16.26 +0. 68
LK R FBW/g 54.31 =0.80 56.61 =0.01 54.98 £0.53 52.43 +1.91
WER Wep/% 213.62 +14.53 251.21 +7.41 254.36 +6.56 224.70 £25.93
FE R S/ (%/d) 2.04 +0.08 2.25+0.04 2.26 +0.03 2.09 +£0.14
AR Sp/ % 94.45 £2.22 94.44 £1.11 95.56 £1.11 95.56 +2.94
T RHICR Fg 0.80 £0.01* 0.83 £0.02° 0.78 £0.02% 0.73 £0.02"
BRIV Pog/% 32.77 +0.78 33.92+2.75 31.98 +1.56 29.02+1.17
BEECE Py 1.77 +0.05 1.95+0.11 1.77 +0.03 1.66 £0.08
AL Hy/ % 14.13 +0. 46 16.01 £0.22 14.96 +0.29 15.01 1.62
WEAK L V/ % 18.18 £0.63 20.16 20.21 18.96 =0.44 19.02 £1.71
JNEWEEE Co/ (g/em®) 3.91 £0.13" 4.28 £0.25% 4.71 £0.21° 4.84 +0.16°

T AT R AN )b AR - B A B () B AT 222 5 (P <0.05) ¢

Notes: Data in the same row sharing diffent superscripts were sigfinicantly different (P <0.05).

2.2 BEGUHTT e AR RE B 5 4E A (P>0.05), L3 55 WLPA T JIE A ABE s 18 2 i)
SRR Al OB VR I I R X S SR it SRR A MR R (P >0.05) L%k 6,
VML R W5 K 20 K 5 7 A B35 R

x5 ARERKICA RHEREMKFIREL RS R SR ( %2RE)
Tab.5 Effects of fishmeal replacement by black solider fly larvae meal on

proximate composition of Takifugu obscurus ( % wet mass)

W )k} Diet

Ttem HMO HMS8 HM16 HM24
HIZE 11 Crude protein 15.95 £0.37 15.73 £0. 16 16.51 £0.57 15.69 £0.33
HUIEMT Crude Lipid 10.03 £0.42 10.61 £0.32 9.38 +0.37 10.61 £0.37
7K 43 Moisture 71.32 £0.43 70.32 £0.28 69.77 £1.35 71.55 1. 14
FR4Y Ash 2.98 £0.48 2.40 £0.08 2.56 £0.18 2.55+0.09

R 6 ARIRIKE L) YR MK T X S G0 77 84 AT R A0 AL AT B AL 53 4B AR R 2 (%0 iR R )
Tab.6 Effects of fishmeal replacement by black solider fly larvae meal on

liver and muscle proximate composition of Takifugu obscurus ( % wet mass)

i H Tk} Diet
Ttem HMO HM8 HMI16 HM24
WL Muscle
F 2 Crude protein 18.61 £0.19 18.26 £0.23 18.43 +£0.21 18.24 £0.22
FAEHT Crude lipid 0.78 £0.02 0.82+0.08 0.83 £0.02 0.80 +0.06
7K 4y Moisture 79.62 +£0.17 79.85+0.12 79.80 £0.22 79.93 £0.25
JFHE Liver
FLIE T Crude lipid 66.30 +1.50 67.61 £0.98 66.65 +1.64 67.04 £0.12
7K 43 Moisture 24.05 £0.66 22.41 £0.91 22.87 +0.67 22.29 £0.11

http: //www. shhydxxb. com
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2.3 BYFRAEHMNA A PR EE REREE P9 R A IR A L 1
SRS Uy BRI R X WG SR L AR REMERE R (P >0.05) LK T,

R7 ABLEKE L R ER B KT X RS R T 4 & AL A Bt B 00

Tab.7 Effects of fishmeal replacement by black solider fly larvae meal on the muscle texture of Takifugu obscurus

i H Tk} Diet
Ttem HMO HMS8 HM16 HM24
fifi ¥ Hardness/N 3.49 +0.23 3.18 £0.32 3.39 +0.41 3.48 +0.20
ikttt Adhesiveness/m]J 0.032 2 0.029 5 0.031 4 0.030 2
PB4 Cohesiveness 0.36 +£0.02 0.38 +£0.01 0.35+0.03 0.35+0.02
#itf: Springiness/mm 1.55 +0.06 1.50 +0.00 1.50 +0.04 1.52 +0.06
RZE M Gumminess/N 1.26 +0.12 1.19 £0.07 1.21 +0.24 1.20 £0.12
HH M4 Chewiness/m]J 2.00 £0.24 1.81 +£0.12 1.83 £0.42 1.83 +0.16
2.4 BYFEAHINEER FERPE BEAR(P>0.05) , LK 8,

TEMLEE AN AL BRAE T 8 S, LD 2 3 R

x8 ARERKIL RMBEREMKT XSRS A SERARRIZNE (% T FREH)
Tab.8 Effects of fishmeal replacement by black solider fly larvae meal

on muscle amino acids composition of Takifugu obscurus( % dry matter basis)

HHER K%} Diet
Amino acid HMO HMS8 HM16 HM24
AR Tau 1.52 +0.02 1.49 £0.00 1.48 +0.03 1.42 £0.04
AR Cys 12.49 0. 10 12.46 +0.02 12.68 +0.08 12.44 +0.10
25 R Ser 3.05 +0.03 3.12+0.02 3.10 +0.05 3.05 +0.02
&% 1% Tyr 2.66 +0.09 2.75 +0.08 2.77 +0.05 2.68 +0.01
RAETR Asp 7.97 +0.19 8.02+0.02 8.08 =0.11 7.92 +0.04
AER Glu 12.72 +0.26 12.85 +0.06 12.76 +0. 14 12.71 £0.07
HE R Gly 2.17 0. 10 2.17 £0.01 2.38 +0.10 2.26 +0.06
N Ala 4.88 +0.18 4.74 +0.03 5.11 +0.18 4.85+0.16
TR Thr 3.58 +0.07 3.64 +0.01 3.63 +0.06 3.58 +0.02
#Hi5R Val 4.13+0.10 4.14 +£0.02 4.15+0.03 4.07 +0.04
HEE R Met 2.03 £0. 10 2.14 +0.06 2.23 +0.10 2.05+0.11
SRR e 3.86 +0.11 3.87 £0.01 3.88 +0.04 3.82%0.02
AR Leu 6.25 +0.16 6.30 +0.01 6.26 +0.07 6.20 +0.03
HNEAR Phe 3.18 +0.06 3.21 +0.05 3.23 +0.06 3.16 £0.01
Wi Lys 7.10 +0. 18 7.18 £0.03 7.13 +0.08 7.07 £0.07
HE PR His 1.85+0.05 1.89 +0.03 1.90 +0.04 1.83+0.03
AR Arg 4.88 +0.07 4.89 +0.06 4.91 +0.03 4.86 +0.02
2.5 RELIER AN A RS AR ER J#IR ) .C20: 5n-3(EPA) (C22:6n-3(DHA) \n-3 3

Bt S K i Ry A R K3 I, (/5L PUFA &Rl n-3 S PUFA/ n-6 Y PUFA & 3% %
W Cl14: 0 (R 5L ) 182 2n-6 (JFJH R ) \n-6 (P<0.05) , Haxlglime R E B EHER.
S PUFA S8BT (P <0.05),C16: In7 (£ W9,

REHAR ) .C20: 1n-9 (ST ) .C20: 4n-6 ({4 Y
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Tab.9 Effects of fishmeal replacement by black solider fly larvae meal on

muscle fatty acid composition of Takifugu obscurus ( % total fatty acids)

e iR Kkt Diet

Fatty acid HMO HMS HM16 HM24
C14:0 0.81 £0.03° 0.98 £0.04" 1.02 £0.06" 1.23 +0.02°
C15:0 2.33+0.18 2.40 £0.45 2.54 £0.15 2.3410.16
C16:0 23.87 +0.36 22.89 +0.23 22.49 0. 65 20.72 £1.43
C17:0 0.91 £0.13 0.80 +0.06 1.10£0.20 0.82 +0.09
C18:0 11.98 +0.26 11.50 0. 09 11.55 0.63 11.12 +0.30
Y SFA 37.51 £0.66 35.32+0.18 35.44 £3.15 34.96 +3.20
C16: 1n-7 1.09 £0.05° 1.02 £0.02° 0.91 £0.02% 0.83 £0.05"
C18:1n9 16.39 +0.37 16.84 +0.13 18.11 0. 62 18.63 +1.23
€20: 1n9 2.18 £0.06° 1.09 £0.05% 0.90 +0.09" 0.74 +0.05°
S MUFA 22.39 +2.30 25.34 0. 60 28.84 +4.46 20.80 0. 62
C18:2n6 15.48 +0.22° 17.11 £0.26™ 19.86 £0.57% 22.40 +1.36°
(€20: 4n-6 2.70 £0.11° 2.60 +0.03 2.56 +0.03% 2.32+0.11"
n-6 Y PUFA 17.37 £0.36" 18.27 +0.48" 20.48 +1.82° 27.37 +1.50°
C20:5n-3 4.31 £0.08" 3.57 £0.12° 2.61 £0.07¢ 1.67 £0.06"
(22: 6n-3 19.47 £0.83° 19.11 £0.24° 17.11 =1.78% 15.43 £2.88"
n-3 ¥ PUFA 22.46 +1.24° 20.79 £0.20 17.51 0. 82" 16.66 £2.38°
n-3/n-6 1.29 +0. 05" 1.14 +0.03™ 0.87 +0.10" 0.98 +0.08°

BT R ) 7 RGBT 32552 (P <0.05)

Notes; Data in the same row sharing diffent superscripts were sigfinicantly different (P <0.05).

2.6 BELUH T ERATAERE A ER

FROK i OB S IR (8 IR A R C12:0
(AHERR) (C14:0( A E5ERR) (C18: 1n-9 (JTR) |
C18:2n-6 (iR ) . C20: 2n-6 ( 1K Mk )
i n-6 3 PUFA B & & 2% EJH(P <0.05), 11
C15:0( ki) (C17:0(+-Eheli) (C18: 0 (f#
JiGE2) \C17: In-7 (+-LRRIGERR) (C20: In9( -+
Mz ) .C20: 5n-3 ( EPA) ,C22: 6n-3( DHA) \n-3
SPUFA F i DL Y n-3/En6 BFHEMK(P <
0.05) , ARG R & AR A W E M2 5 (P >
0.05), W3 10,
2.7 BRQIFRTTERME & LIRS

SRR 4y Ry A AR LU ) 384 o O oK A g
SR D7 BT AP =S B L e R
=g =i E L NN S i 4= RS Y = Dasle SR
YA (P >0.05) , I 11,

3 ihe

3.1 FBIKHC %) M3 R SUFR 7 o A K 1 AR
A1)

TEABIEFE S 56 20 F0 % HR 2 9 A7 15 R 4
R RE AR KR RRCR AR B
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Tab.10 Effects of fishmeal replacement by black solider fly larvae meal on liver
fatty acid composition of Takifugu obscurus( % total fatty acids)
JE R fil ¥} Diet
Fatty acid HMO HMS8 HM16 HM24
C12:0 0.19 +0.00¢ 0.43 +0.01°¢ 0.82 +£0.01" 1.16 £0.07*
Cl4:0 2.08 £0.04° 2.56 £0.02" 2.94 £0.03* 3.15+0.10"
C15:0 0.36 £0.01° 0.28 £0.01" 0.25 £0.01% 0.21 £0.01°
C16:0 19.53 +0. 19" 20.08 £0.58? 19.23 +0.35" 17.89 £0.51°
C17:0 0.45 +0.00* 0.42 +0.04° 0.30 £0.02" 0.27 £0.01"
C18:0 8.24 £0.15° 7.94 £0.04% 7.93 +0.23% 7.00 £0.37"
> SFA 30.68 £0.31 31.71 £0.60 31.47 £0.60 29.66 +£1.02
C16: 1n-7 6.57 +0.11 6.22 +0.26 5.90 £0.16 6.02 +0.19
C17: 1n-7 0.58 +0.01° 0.46 +0.03" 0.45+0.02" 0.46 +0.03"
C18:1n9 35.17 +0.68" 35.16 +0.92" 36.80 +0.36™ 38.15 +0.03*
€20: 1n9 1.97 £0.02° 1.50 £0.09" 1.40 £0.06" 1.33+£0.09"
> MUFA 44.29 +0.58 43.34 +1.24 44.56 +0.19 45.95 +0.33
C18:2n-6 12.05 +0.34" 12.04 +0.80" 15.31 £0.44* 17.09 £0.44*
€20:2n-6 0.63 +0.02% 0.65 +0.04" 0.60 +0.02% 0.68 +0.04*
C20:4n-6 0.56 +0.01 0.52 +0.04 0.57 +£0.03 0.59 +0.01
n-6 Y, PUFA 13.24 +0.36" 14.05 +0.87" 16.47 £0.49* 18.35 £0.50°
C18:3n-3 1.54 £0.10 1.37 £0. 11 1.45 £0.05 1.55+£0.03
C20:5n-3 2.05 +£0.07* 1.37 £0.10° 0.95 £0.05° 0.57 £0.01¢
(C22:6n-3 8.29 +0.18* 6.35 +0.44° 5.03 £0.12°¢ 3.79 +0. 154
n-3 Y, PUFA 11.89 +0.35* 9.09 £0.65" 7.42 £0.22" 5.90 +0. 18°¢
> n-3/Yn-6 0.90 £0.02* 0.70 £0.01" 0.45 £0.00° 0.32 £0.00¢
T« AT B AN ) bR Bl R ) AT 22 5+ (P <0.05)
Notes: Data in the same row sharing diffent superscripts were sigfinicantly different (P <0.05).
F 11 AREKE L HHERERKFEXRE LR 605 £ LSRR
Tab. 11 Effects of fishmeal replacement by black solider fly larvae meal level
on biochemical parameters in serum of Takifugu obscurus
5H 5§+ Diet
ltems HMO HM8 HM16 HM24
il =g TG/ (mmol/L) 1.66 +0.06 1.84 £0.01 1.89 +0.27 1.77 +£0.06
S H [E B TC/ (mmol/L) 8.28 +0.59 8.42 +0.85 8.57 +1.07 7.93+£0.95
1o B R 4 13 BH [ A HDL-C/ ( mmol/L) 4.81 £0.33 4.50 £0.21 5.30+0.72 4.51 £0.18
%8 8 g 4 13 A [ % LDL-C/ ( mmol/L) 1.78 +0.28 2.28 +0.39 2.19 +0.69 2.19 +0.20
PN % MDA/ ( nmol/mL) 13.55 £0.40 15.88 +£0.88 13.88 +0.68 14.19 £1.27
H#H ALB/ (g/L) 16.45 £1.74 16.45 +1.90 18.26 +0.58 17.38 £0.72
B TP/ (g/L) 10.22 £0.35 10.24 +£0.26 10.56 +0.23 10.59 £0.06

SR, BIAE A 4 WA 8 25 PR i, S5 R L 491
(8% ) HEHACHH EL , e EL B3I (24% ) A2 o 5
KGR A KB, 2L 38 IR
YRR K OB & B 7% B TRDEE RO B 1
T, R B 8 EFIIE 5 & R B, KROECKEL
AU A MKy SRR R ek e 1K 1 B S B R
LR B 4 £ 14 £ 00 i 7 A RE B R AL R R 3
T AR, T B SR K i BB GRDRL 2 4 2 AR 1
REMRT HR 2, 1 I s LT B
FIRZE BRI S LA LB SR R A

AT A 4 0K -4y ok B A5 A B i o
AR 7 Sl 7 0 7 97 T S

It 5 S 50 SR B 580 15 8 4R T A
Fb IR G LA R B 396 i L B 3 T
EWALD 25" % 58K i Al bk 4 R 1 s 4 A4
Fo IR B T Al ok gl AR dUR AR
P P fe ) el e el Yot R 6 B G W S
W, T A 2 R v 7 S i (75 A )
JIFVR L 535 R e, S S5 SR 11 25 5 W) fiE R B
SO A I T A O, 5 e e R L I 4
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Abstract; Black sodier fly larvae meal is a potential high-quality protein source for fish meal replacement in
aquaculture, which has attracted much attention in recent years. This experiment, with juvenile Takifugu
obscurus with an initial average weight of (16.33 £0.34) g, was aimed at evaluating the utilization efficiency
of black sodier fly larvae meal in the diet. Four isonitrogenous and isolipid experimental feeds were prepared,
with black soldier fly larvae meal as a substitute for fish meal in different proportions (0, 8% , 16% and
24% , designated as HMO, HM8, HM16 and HM24 | respectively). Each group was fed to 3 replicate tanks,
with 30 fish in each tank. Fish were fed to satiation three times a day. The feeding trial lasted for 56 days.
The results showed that the supplementation of black soldier fly larvae meal had no significant effects on the
growth, body composition, muscle composition, muscle amino acid composition, muscle texture and serum
biochemical indexes of experimental fish. Compared with the control group, the weight gain rate was increased
by 19% in group HM16, indicating that the replacement of fish meal with black soldier fly meal at a low level
had a potential positive effect on growth performance. Compared with group HM8, HM24 decreased the feed
efficiency and tended to increase the HSI and VSI. The high content of C12:0 and C18:2n-6 in black soldier
fly larvae meal can meet the energy demand and 18C polyunsaturated fatty acids requirement of fish, which
increased the content of C14:0 and n-6 fatty acids in fish. In conclusion, replacement of 24% fish meal in
the diet of juvenile Takifugu obscurus by black soldier fly larvae meal did not affect the growth, body
composition, muscle texture and health status of obscure puffer. A low replacement level (8% —16% ) could
have potential positive effects on growth performance and feed utilization of obscure puffer.

Key words; Takifugu obscurus; black soldier fly; fishmeal replacement; growth performance; feed

utilization ; fatty acid
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