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AL FEREE 066002; 3. JLEH XK ERE AR WA BEE 066600)

TE DLk 2 #7(Scophthalmus maximus)  # %8 3 &, 4+ 5 e A 47 £ o DL 4 g 2 K i (Hermetia
illucens)4h s 40 2 X o0 5 At K 22 87 A Kb db . WORHFI A . o 4 38 A4 (AR AR RIRE N e . AHT
FARATANAL TR, 705 Ky A Fg KT 4 & B 2R O(FM)(RF FE 41) . 20%(HI20) . 40%(HI40) t £ 4 % 40%
B G m 5 R AR (Lys)#n & 2B (Met)(HI40AA) Y iR afb 4 & . S 6 th SLib 8, 4412002 K &
B 4 #[(26.5740.54) g]FAHL A H44, HHAINEL, BNAELI00R &, Lhit ] h56d. £R IR,
ERir ERERENDEYE T K E 0 A E F(WGR)F 45 £ £ K £ (SGR), HI40F
HI40AA 4 & 2 (X THI20AIFM 41(P<0.05), *t KX Z &7 iy & £ (SR). 74 &2 #(FCR). A& (HSI).
JEA L (VSI) . B3 E(CF) R R ey fL & & . MR 24 &3 L B % % 8 (P>0.05), FMATHI2041
K % 4T fn v K E [ B2 (TCHO) X & % £ fis & B (HDL) 4 & % % & THI40f2HI40AA 41 (P<0.05), FM%
K% E e & A (LDL) 4 B B %5 T4 8 R 4(P<0.05); HI40FHI40AAL A % 67 3 ke L* 8 | a*(A
B E K FFMATHI2041(P<0.05), FM# 3 3 (k& b* 4 8 1 T 2 i & 5L 56 41(P<0.05), HI4041 tyb* (&
i % % THI20fTHI40AA 41 (P<0.05); & 2 & Jf # i (R & 5 8 & L 3o 4 A0 th R B 3 22 (P>0.05), #F
REW, AFARFGET, 20 E K4 s HR K ZEERF 20 H20%0H, FT2BmAZHN4
K5 4B, HEXZT Y 2@ PN aRnERIEEE H20%,

EHEIR K EH; B E; £K; mEA IR e

FESZES S963  NHEKFRIEEE A 0 XEHS  2095-9869(2022)02-0080-09

K ZE % (Scophthalmus maximus), ¥ 4 £ 5, J& Mo SR, M BB A AR, 2Bk
TEAC T =8 HEWWE KIS . 1 e KA i oE IR E B B R EL AR BT (FE £ 25, 2016), %
s, HHapE A ke s, HETIRETa HREIFBRE T, JEF kil A KRS &
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HiE, BRUE—HizimaEniE, HABERRS
Reeaky R EEZAMER . 2B/Kir(Hermetia illucens)
RFFETER R, REHCE A A ARG IR A T =
ARSI E B R, Hgh iz e 5, hik
JE Wi R 5 22 AN 100 B AR D 1R 25 1t o Bl D 1R L 12 11 60%
I F, H, AH:ER(Lauric acid)d i 5ik40%, #f
Vit i 2 AR B IR (X B, 2016; Oferi etal,
2021), HTr, BZ7E# 7 (Dicentrarchus labrax) (Rui
etal, 2017), HLf&(Oncorhynchus mykiss)(Renna et al,
2017). & #ifh(Pelteobagrus fulvidraco)(Xiao et al, 2018;
MRIEELSE 2019), K ififa(Larimichthys crocea)(5h 2 A,
2019) . # ffi (Ctenopharyngodon idellus)(Lu et al,
2020). Hn ffi(Micropterus salmoides)(GZEL 5%, 2021)
KR35 6T (Kroeckel et al, 2012)H #4717 W FHAFSE . X
SpIF oY 45 R 2R 3 T R K B RS TR ik T Y,
ESEFRAE =, Ty R WSR2 IR K B, 4
B PR R X RS2 B A% S0 i R WA . PR, ASBiF
FEARTT 42 i R AR Ry B AR A2 X RS2 B 4 £ 1) A=
oo TARPRIAT 03 AR B A AT S AR R sE e, 4
B AR HORY AR RS D e 4 R B R AR

1 HREH%
1.1 SCIRigit

ARSI DARZEBE 50T 42, 35 4 ASAbERAL . 5
FRFH 2 i 2R K &l sk B AR Al iR 0 20% 0
40%HFRy , BAE 40% B RAL TR I S AR = IR [ 2 R
(Lys)FIEE AR (Met)], 4r5IFric A FM (5 BE4L) . HI20
HI40 Fll HI40AA 4, £ 3 AEE, F1HEE 100 B
K6, 31200 B, FRAEATE A 56 d.

12 ZW&ERNBEAM

FEE BRI F R ALK = AT, P IE
1200 K/N445) | fdER A4 fa, BEHLS 312 FR B T
W, REEELL) 0 IR R E N (26.57+0.54) go SEER AT
FH K -4l SRy I MRS R A R A
oML 1 SOH R T & 120 59128 38.81%4129.94% . LA
FEk . SR . M. ok h EEEAR, @
T SLIHOA 3R U T S A0 TR . DR RS
TR WA ol PSR LK TRk ) B EL72E R3.0 mmfry
BOFORL, FEREZE-20°CUkA & .

1.3 ELIR&EH

FRIH LY AR AL A 28 5L 1 K5 K AP BR 2

AT, PTG K TR PSR (2 mx 1 m %
1 m), GLHNKEHA 40 cm, BADBEIELFGEET 51 00E
2 MFASRA, 240 WA, RIEFERE DO L.

DO>6.0 mg/L, ZA(NH;-N)JE <0.05 mg/L, F5H
TSRS M IR K (BRBER 25~28), T N7KIR
9 11.0°C~14.4°C, SERCR T HAOCI I A TO, O
HEJE A 141 = 10D,

14 FEEE

FEIH S IE R TTHART, WK ZE RGN k4T A i
14 d i 9IAk, 5SS 00 558 P58 R 5% W H) AH [,
EHAT AR, MEIER . 8505, 258 24 h, FRHE,
e T AEOH: | RS ST AR R S50 £, AR
S L BENLAL I, el FR . A H AR
2 % (08:00, 18:00), #/K 2 ¥k, EWHEFEKE; &H
NREE K 22 B4y f (R & TG BlRAS, WA sET, MR
BB IR E I 5%

x1 ZREABEHTREFREAN
Tab.l Formulation and composition of experimental
diet nutrient content

5 H S84 Group
Items FM HI20 HI40 HI40AA
JE#l Ingredients
Ffafy White fish meal
Mok gk H. illucens meal
AR Lys
HER Met
S Squid liver powder
M1 Soybean meal
2Bk Wheat gluten

a-TEH o-starch

45.00 36.00 27.00 27.00
0.00 13.69 27.39 27.39
0.00 0.00 0.00 0.37
0.00 0.00 0.00 0.18
5.00 5.00 5.00 5.00
7.50 7.50 7.50 7.50
13.00 13.00 13.00 13.00
11.29 11.29 11.29 11.29

il Soybean oil 390 1.95 0.00 0.00
fayll Fish oil 390 1.95 0.00 0.00
s
R 255 437 437 437 437
Calcium hydrophosphate

f143 Stone flour 1.00 1.00 1.00 1.00
WAk Zeolite powder 2.14 1.35 0.55 0.00
TRkl Premix 290 290 290 2.90

A1t Total 100.00 100 100 100

BFR AL Proximate composition (% dry matter basis)
MHEH Crude protein 4470 44.92 45.70 45.97
KLAEW; Crude lipid 10.81 9.77 9.18 9.76
HLKS> Ash 22.15 20.93 19.58 19.14

B Gross energy/(MJ/kg) 18.57 18.62 18.86 19.17
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T LIRSS RS, A58 24 h, X REEL L Mgk T
FREIFIE % . BEELREVLEL 3 B K26, FREidR)A,
A EASBRAAEZ20CKA T, HT M EFE
BT FE R IN ; FEET REMLI 6 B0 R FE bk,
2h, {ff DI008E E.LHLGEERE)T 3000 r/min Bl
11 min, BT, MRAEZE-80°C uRKART5 I I 375 A B 4=
fb46hs; BGLREHLER 3 B, FRE . ]k, [
R I e SRR AR MR | R, PR T ok
fEl, BOERR AR, SR AR ERER K ok, BEATR
T, FRE L sk, FERIBE, FRE. 05k, AW
AP R, TS EALRE 1 e ; REETE 3 B
T . WS IE 3 AN EE S T 2R E

1.6 FREMEERER

TET5 #R (survival rate, SR, %)=100xZ K 11 5 2 /4]
[ERER e

14 % (weight gain rate, WGR, %)=100x(W—
Wo)/Wo;

Tkl Z2 80 (feed efficiency ratio, FCR)=ly/(W—Wp) ;

558 A2 KK (specific growth rate, SGR, %/d)=100x
[InWi—InWp]/t;

% B # (feeding rate, FR, %/d)=100xIy/[tx(W+
Wo)/2];
K, W@ WZARIRHE ; Wo(g) ARIIRIAE ; t ik
KA () MR,

HE 3 (condition factor, CF) =100x A /A& K?;

AE A Bt (viscerosomatic index, VSI, %)=100x P i
/R

JFA& Lt (hepatosomatic index, HSI, %)=100x i
/R,

R2 BAUHRBEREMIRETER, AT RAREERER

1.7 B

IR B R B T A T 2 (GB/T6435) ;. K
SR FOSS 42 [ gl A0 2 (GB/T6432);
FELIE A 5 2t R FH 26 IR AR B 5 (GB/T6433) 5 KK 47
B R 5 5 10 e 15 2 (GB/T6438) 5 RE ok H
Parr6300 (Parr, 32 [E)4: [ 3 & X E T E o L
A AR AL AR AR ZE T LIRS R >k ] Mindary BS-180
4 A S M A g o I 2 SURE AR 1) 48 SR AL W 57 1k
i (SOD)E T . TH B (MDA) & 1 DA K 2R Pk BE 1)
72 53 31 % ] BCA(bicinchoninic acid)i: , #EIM 4,
fBRED: . TBA i, RIARACE L2 2 (Thibabituric Acid)
2o, BT RER &0 e AR TR SR . iR
R FEREIR CR-400 27 (8 22 (H A)SEA T E .

1.8 HIBRER G5

2 S 56 B AT ¥ (B 47 1 2% (mean+SD) & s
fifi ] Statistica 10.0 3R/ B 5 XoF 4% 10 552 45 B Him 6 A 7 F
A 7 2257 Fr (one-way ANOVA), 77 B & B 47
Duncan’s ZH [LF S, P<0.05 h25 03

2 H#HR

2.1 Bkt 4h B R E M K ETEFTE RN

M 2 FTLLE Y, Dkl v SR K -4y Ry AR £k
XoF RS 6T I R IR 8 (FBW) . WGR & SGR (1511
Y122 5% W3 (P<0.05), Hp, FM Ml HI20 41 % 3% & T
HI40 1 HI40AA 41, FM F1 HI20 41 . HI40 Fl HI40AA
AR TC B3 22 5 (P>0.05); S K4l gy 2540 fa0ky
X RZEBER) FR T #5200 (P>0.05); FCR e
(B AH HeAl TG 3 2% 5 (P>0.05); KZ26FRY SR, VSI.
HSI Fil CF £ 4140 Lt 70 i 2 22 5 (P>0.05).

TR M P 3R E 22)

Tab.2 Effects of replacement of fish meal with H. illucens in diets on the growth performance,
feed utilization and body index of turbot (Mean+SD)

Ei=L7D SHA Groups
Items FM HI20 HI40 HI40AA
5% SR% 99.00+1.00 99.67+0.58 99.00+1.73 99.33+0.58
LRI E FBW/g 49.78+0.88" 49.00+1.40° 45.30+1.52° 45.01+0.89°
HEH FR/(%/d) 0.98+0.02 0.99+0.02 0.93+0.05 0.92+0.04
HE R WGR/% 88.09+3.25° 84.68+4.77° 70.41+5.24° 70.66+11.84°
FrE tE K E SGR/(%/d) 1.13+0.03° 1.10+0.05° 0.95+0.05° 0.95+0.13°
Tk #% FCR 0.91+0.00 0.93+0.04 1.01+0.12 1.01+0.10
AP L HST/% 2.09+0.33 2.50+0.50 2.10+0.70 1.85+0.43
R LE VST/% 6.36+0.55 6.5440.65 6.38+0.78 6.02+0.40
AL CF 4.19+0.90 4.22+0.45 4.63+0.45 4.84+0.72
W F—AT8 BUEAF R385 57 W3 (P<0.05), FH

Note: Different letters on each numerical value in the same line indicated significant difference (P<0.05), the same as below
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22 FEIKEC4) B R BN K EE AR 5 R0

FE 3 TLLE Y, BAK &y Ry AR R o K32
(R B A HR R K A3 L LR RO 43 B Y T
Ml (P>0.05), HI40AA ZH KEEBEMAR I & & W & LT
HAth 3 4H(P<0.05),

2.3 BKEC 4 RHE R &M X EEMEELIER
Al

M 4 WTLIE H, FM FHI20 ZH A% SH [ E(TCHO)
MEHEREHMHDL) S EY B E ST HI40 Al
HI40AA 2H(P<0.05), FM 41 1fi.3% AP %25 ¥ i 2 FH(LDL)

fri W T4 SR 4H (P<0.05), Rk Ah, Him=
Fig(TG). MUBH(GLU)., &N AM(ALT) . B HEEH
it (AST) 5 Bl M T 198 il (A LP) 25 48 b 4% 52 36 24 A 1L TG
W 3EH 27 (P>0.05),

2.4 FRIKHE %) B XS K EELRT AR ST E AL BE T B9

M S T IE 1, BoKkigh iR akis, &
ST SOD i H M MDA S EAHHY N & 257
(P>0.05). {HFEEAR LB RN, 4552004 B e T e
FRREAR AR B, 25 B K il 4l S N4l SOD % J1 ¥
F FM 4.,

R 3 BKECA) B R S X K SR AL S B R CF AR 22 )

Tab.3 Effects of replacement of fish meal with H. illucens in diets on the body composition of turbot (Mean+SD)

Ei=LuN LY Groups
Indexes FM HI20 HI40 HI40AA
JK4¥ Moisture/% 78.11+0.43 78.43+0.56 78.47+0.30 78.99+0.25
M Crude protein/% 14.65+0.31 14.58+0.32 14.70+0.23 14.45+0.06
LIRS Crude lipid/% 3.00+0.33° 2.91+£0.31° 2.83+0.12° 2.3240.19°
HUK 5 Ash/% 3.49+0.08 3.40+0.12 3.49+0.11 3.57+0.05

R4 B4 R E R E NI K EEIE &L IEARE R0 CE IR E )

Tab.4 Effects of replacement of fish meal with H. illucens in diets on the serum biochemical indexes of turbot (Mean+SD)

Fekr SCERA Groups

Indexes FM HI20 HI40 HI40AA

Hi=Es TG/(mmol/L) 5.53+2.25 5.7243.34 3.75+1.20 4.16+1.19
SJHFEEE TCHO/(mmol/L) 3.36+0.98* 3.24+1.01% 1.93+0.59° 1.89+0.31°
¥ GLU/(mmol/L) 2.11£1.17 1.96+0.30 1.68+0.42 1.64+0.22
F#EIEHE [ HDL/(mmol/L) 2.76+0.71° 2.97+0.53° 1.85+0.48° 1.72+0.28"
R I8 & LDL/(mmol/L) 0.90+0.31° 0.60+0.22° 0.35+0.10° 0.34+0.07°
B EEE ALT/(U/L) 9.93+1.37 9.23+0.78 9.40+2.31 9.12+1.61
I E R AST/(U/L) 81.17+54.16 63.88+8.97 94.22+55.28 72.71£28.64
B RREE ALP/(U/L) 15.41+1.86 15.75+1.33 15.02+0.99 13.58+0.83

®5 Bk 4 RBE K &M K ZE BT AE ST AL BE ST IR NE CF- 1 e hR e 22 )

Tab.5 Effects of replacement of fish meal with H. illucensin diets on the hepatic antioxidant capacity of turbot (Mean+SD)

EiEL7D SC4H Groups
Indexes FM HI20 HI40 HI40AA
A fEE SOD/(U/mg prot) 68.93+23.12 90.56+23.97 76.04+20.30 71.14+24.83
N & MDA/(nmol/mg prot) 3.30+1.86 4.11+£1.43 4.08+1.78 2.17£0.53

25 RKIHRMBEREMITKETE R

M 6 ATLIFE Y, HI40 Fil HI40AA ZH KZE6T4)
£ PR R R T AR LA, ar i i LT
FM F1 HI20 £H(P<0.05), HI40 114 b* i & T H:
4% 20 (P<0.05), HI20 F1 HI40AA ZHHY b*{H i %
T FM 4(P<0.05); KZZBF4h g B 6G L¥EH . a*

{EL AN o*E AL HE 240 B 3 22 5:(P>0.05).,
3 itig

SEK i HORy B R R AR B B T 5 A —
e 2P B A HE . CaimiZs (2020)7E 15 70% Uk ) fa)
A, DU RS oK HUom B AR T Ak = 125%
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Tab.6 Effects of replacement of fish meal with H. illucens in diets on the skin color of turbot (Mean+SD)

DR it FHH Group
Measured position Items M 24 HI20 44 HI40 21 HI40AA 4
253 Dorsal area L* 48.73+3.50° 47.67+2.50° 45.65+2.67% 43.52+3.26°
a* -2.10+0.52° ~2.16+0.44° ~2.59+0.52° ~2.59+0.32°
b* 0.93+1.53¢ 1.98+0.58° 3.09+1.06* 2.32+0.85°
% Ventral area L* 62.8145.53 62.50+5.54 59.85+6.07 59.63+6.38
a* —2.28+0.77 —2.34+0.76 —2.34+0.87 —2.45+0.65
b* ~1.78+1.76 ~2.23+1.98 ~1.9842.09 —2.20+1.49

I, PEAF ) 7 5 f2. (Acipenser baerii) i 4= K A2 5,
LEAC LB = iR 50% 0}, A K B 3 T % Ruiss
RO17)BIFFT A B, Ak v J5E A R 7K - 40y HOAs B 8 I
F19.5%HF, AT ) AR KRR B, (R H
FK-; Xiao%F(2018)WF 58 F W, ¥ 5 fn e el v 25 2
K Bk M 22.3%0F, HIWGRHMISGRA A&, 4R
TN T34.3%0, AERKPERE T, HAME HEA
FE ARG A AR S5 5, MRS (2015)7F
TR R 65% 1 FE R ARL R, SR T R EE R B A
I 15% ), A2 X KEZBEL) o i A K R AL
FAE S, 2 T U e s, 4hfaf A4 K vk RE R AR
L B8] 64 184 T B 2 BTG s BRI 55 (2019) 7E 7 143 40%
PSR, DA 1 17.90%~22.00% 1 £k 25
o, N gl s i AR K MR 25 i . 5 UL B g 4
TAHL, ARWFFE D, Bl DR 4 i SR K U S 0
HIEIN, KEEEAE KR TR, YRR 4
AR AR B 20% 0, X R EE 6 %) A K M RE T . 3%
SO, SR, 2R3k B 40% (ZE kL B a8 i e
B°27.39%)F, AP AE B R AR, B aT 4
B 5Kroeckel 48 (2012)WF 58 45 R4 A AN ] . Kroeckel
FQOI)WIFE LI, iR S K b B AR £ L)
et 17%0, KEZEGFAYSGR I I R . X Ui
BT AT R | e R K i 2 HURy b B 08 3R ) Y
T, BEAR T BRI 4 Bk A5 FR (B o A SR /K i
HOBy 5 4R Sk i RO AR FE , AR DR R £ s
K ZEEAIG o YRR AR FL B s, 2 R K
TS T B SEOF () A K AR BERAAIG o SR /K - Uk 7K
SRR AR A R RN RS AT RE S SR K O v ) A3
PR X v A LT B 0% o SR K 4l Hots v g
T LR D T Ky, R MR RS
IR F Mk (Li et al, 2021), ARMFFEFEHI40A AL H I 4R
Fo T AR R ARG , AR B & RS2 6P A K 1)
H A, 3% B] 2 8 B AR AF 5% v v B i PR K i HORS BRI K
FREA K B N A] BEANTE T H A SR A, e

MFHIEANILT B Bk i A S e
JUT i, Kroeckel%(2012) - WA 1£ K22 614 g vh A
LT B R iE 2, = o s LT B Re i i T Ak iE
HUEFRYI RN, DOMTFRRAIE T REE R A

AwgE, KEEHFL VST, HSI, CFAHLL
To i 2% % {HKroeckelZ:(2012)WF 58 £ W], falklrp
JI6 Jig B K i O 7 T v R 35 B (¥ CFRTHS Y, &
BERAL, SANIRSS RIS A AR, X0l 6 S50 i
o5 F RS2 09 0 A /N B B K -y L R AR AE I 22 S A
K, ASTR) Y 37 08 5 I ) 7 SR K i g L, &l R R
BRI o ARWFIE £ SL 50 2 R EE SER R S rh
FURLER 1 . Ko SO 0 s A L 35 0 35 g, T
Bl AR LB 3, ARG & i T I, X5 PRl
Hah R AR ARy e a6 % 9E £ (Oreochromis
mossambicus) {1 it 5% 45 S AH U (St-hilair et al, 2007;
TR A, 2018), fE—Le 2R rh 2B, Rl
KRR AR AR Y B 3G T, e A B I 2 B R R TR] 8 AR
LRI, ZhangZF(2008)FILIZE(2016)F 5821, LT
Jo M AT A Wy Re T VLR 7 2 10 A B D R AR a8 ik v
JEE A MTGHIKR . UL, A5 5 AR AT HE 2
M LT s T AR DE RS D R A (L et al,
2017). fapkk A BE WER 1 LIRSt Rk Bk ik
R SRR =R R, 2 I R e AR U 1) P
UBEIEE, 2021), [HRZZEENE AR5 52 oK b Ay 52
M) () PR HLT A A Ry itk — 2 F5T

2819 1T A2 B A TR 48 A5 v DUAR SR ALK 1) 78 5%
AR o5 B A B R AR L o ARBF ST, AR LA
40%Mf, TCHO #i WAL, 5 MK Ukl 74l
A (Cyprinus carpiovar Jian), At #'iffi(Lateolabrax
japonicus) % 1k} Hr s NG AFF 5T 45 AL (LD et al,
2017; Rui et al, 2017; R L%, 2018), A HE 51K
Hh LK s S ARDRE R S NG S B 4 A % . HDL ¢
HUR b 1 [ % 5 2% 1] AT JE 20 40 98471038, LDL
YERIUAR S, ELG) T OB N5 RS 1Y % A4 o A



%2

U2 A IR BRIy HOBy R AR X IR IR B PR RE | AR PR S A B 5 e 85

FE R, KEE B B K 4 HURY R AR Ry AR 1 40%
i, HDL & B &A%, FM 4/ LDL SR ES
THAb 3 NS, Wit — 2 Ul B BT,
RS B &)y £ i 35 v A [ T R R Al 2 20 i %
AREHET SR X SRR (2019) 8 RS K i
OB A A K 0 A AR 5 5 SR A — . RS I A
(2019) [ Fi & A #5 F TER AR R 32 6 4 £ ) el v (1) £ 3
A&, FEEEEAR F A B, LRI MG
JHEEE  HDL K LDL Rk, ALT A1 AST 7E1E % & &
T TR, ARz 2B AT, X 2 RS
M40 R B v, DN s, T s R
2 W20 0 () SZ A RE B o AR, DL SRR T4 B
BATEE SRR A Ok R XTIV ) ALT M AST
SRR FE, {H 40%H M AST HoXIELH 5,
72 W BB K 4y BB A8 v KT 1 B AR AT R X R 22 T 4
£ 14 A 7 A — 2 Y N 3

SOD HATHERIG TS, RebHBrAs B A /EHT,
HTE 1 89 A8 £k T DL Sz e AL AR fe R R e i IR S
(Campa-Cordova et al, 2002); MDA 28 & 4k i &
NG = 2 — , AL AER BIHLARR Bt E LR
B, T AT 20 B S A 0 3 R B (F1 44T 5%, 2011),
XIDSEE Q01T 5T K B, Bl AE RR K 2 A Ay L 451 1)
49, 5388 (Cyprinus carpio) iFBEiE Py SOD % 11 7+,
MDA s REAIG; BRI &)y BB A 0k 4 B T R ok
SOD i ¥ B & & Tk (A st 5, 2019); EH
) J56 i B 7K st 4y Ry R AR AR Yo K £ 4y £ A AR
LRI — R s Ve (2 = b i 2R AR 00 v e
| A AU I A8 A0 I B By (i AL 22, 2019) . FRIK T4y
WEERN S A EYTEED R, WPk, HRERE,
AT DI A B 95 185 5 590 4 2 S 0 UK JE 5 S S iz i
M AALBE (IR T =5, 2012), RGARBIT 4 SL
554l SOD 1% JJ5 MDA SR E~m, HS
IR A R R, A S A K 2E BT 4 £ i IE
SOD i 1Bl A BAR LB 3, 25T R
##, MDA &t R i, IR, i
BRI T R ZE B4 0 0E 5 f9 R, M ™A
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Effects of Replacement of Fish Meal with Full-Fat Hermetia illucens L arvae on
Culture Performance, Physiological M etabolism, and Skin Color in Turbot

BEN Lingzhi', SHI Xueying', GUO Jinlong®, CHEN Xiuling’, ZHANG Peiyu', LIU Haiyan'"

(1. College of Life Sciences, Hebel Normal University, Shijiazhuang Hebei 050024, China;
2. Hebei Ocean and Fisheries Science Research Institute, Qinhuangdao Hebel 066002, China;
3. Beidaihe New District Aquatic Technology Promotion Sation, Qinhuangdao Hebel 066600, China)

Abstract Turbot (Scophthalmus maximus) is an important mariculture species in northern China
because of its high economic value. As a cold-water carnivorous fish, its rapid growth relies on high
dietary protein in the form of fish meal. Fish meal is a major component of aquatic feed because of its
highly digestible protein, balanced amino acids, and good palatability. However, global fish meal
production is insufficient, and its price has soared due to overfishing and climate change. There is an
urgent need to find high-quality protein sources to replace fish meal in the diet. Many experimental
studies on replacing fish meal with protein sources have identified shortcomings. Plant protein sources
contain anti-nutritional factors and defects in the amino acid profile, and have poor palatability; animal
protein sources are unstable in their nutrient composition. Much work remains to be done to identify new
protein sources. Insects are the largest organism community in ecosystems, and offer a new kind of
protein source with great potential. The European Commission has recently approved the use of protein
derived from insects in aquatic feed. Hermetia illucens is a saprophytic insect that can consume livestock
manure and domestic waste to produce high-value animal feedstuff. Its larvae can be used as an
alternative protein source to fish meal because they are rich in amino acids and polyunsaturated fatty acids.
In addition, H. illucens is fed on decaying organic matter such as food waste, animal excrement, and
animal and plant carcasses; the breeding cost is low, and the adults do not disturb humans. It can be added

D Corresponding author: LIU Haiyan, E-mail: livhaiyan@hebtu.edu.cn



88

W B B 543 %

to the feed of sea bass (Dicentrarchus labrax), rainbow trout (Oncorhynchus mykiss), catfish
(Pelteobagrus fulvidraco), large yellow croaker (Larimichthys crocea), grass carp (Ctenopharyngodon
idellus), california bass (Micropterus salmoides), and Scophthalmus maximus (turbot). Most research has
investigated the defatted dry powder of H. illucens. However, there are no reports on the replacement of
fish meal with full-fat H. illucens in turbot. Therefore, in this study, we aimed to evaluate the application
of H. illucens larvae as turbot feed. This experiment was conducted to investigate the effects of
replacement of fish meal protein with full-fat H. illucens larvae meal on the growth performance, feed
utilization, serum biochemical indexes, and skin color of turbot, in order to provide important information
for turbot culture. Four treatments were designed for this study. Four isonitrogenous and isoenergetic diets
were formulated with H. illucens larvae meal by substituting it into fish meal at 0% (FM), 20% (HI20),
and 40% (HI40); the fourth experimental diet (HI40AA) was HI40 supplemented with methionine and
lysine. A total of 1200 turbot [initial body weight: (26.57+0.54) g] were randomly distributed into four
experimental diets, each group with three replicates, and each replicate with 100 juvenile turbot. The fish
were fed twice daily to apparent satiation. The water temperature was kept at 11.0°C~14.4°C and the
water was changed twice daily. After the 56 d feeding trial, the results showed that H. illucens larvae meal
significantly influenced weight gain and specific growth rate, which were significantly lower in the HI40
and HI40AA groups than in the HI20 and FM groups (P<0.05); no significant differences were observed
in the feeding rate, feed conversion ratio, hepatosomatic index, viscerosomatic index, condition factor, or
body composition, including crude protein and ash, among all groups (P>0.05). The serum cholesterol and
high-density lipoprotein in the HI40 and HI40AA groups were significantly lower than those in the HI20
and FM groups (P<0.05), and the content of serum low-density lipoprotein in the FM group was
significantly higher than that in the other groups (P<0.05). The values of L* (lightness) and a* (redness)
of turbot dorsal skin color in the HI40 and HI40AA groups were significantly lower than those in the FM
and HI20 groups (P<0.05). The value of b* (yellowness) of turbot dorsal skin color in the FM group was
significantly lower than those in the other groups (P<0.05); it was higher in the HI40 group than in the
HI20 and HI40AA groups (P<0.05). No significant differences were observed in skin color parameters in
the ventral area of the turbot (P>0.05). In conclusion, the replacement of dietary fish meal with H. illucens
did not affect the growth performance and physiological parameters of turbot when the replacement level
was no more than 20%, which is therefore the recommended substitution level of fish meal by full-fat
H. illucens larvae meal in the diet of juvenile turbot.
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