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HHF IR E A0 A ERAZEG AFEAERF 0, 15%. 30%. 45%. 60%. 75%H &4,

T 4] R 6 45 R 45 fb B AR R ME K 4T 4 £(19.8420.04 g) 56 d, DIAT R B IKE BB R & RUE,
GRET, KEFYafFEEKE, ARREMERKTFHATTEK, 30%X U EHERAEE
KT 2t BB 41(P<0.05); ffRHLE & . MR H ACE AR ACE A& K, 25 75%F 30% & A
FERAZERK, 2Rk RSGEMERNATTAT, 20E 75%F 30%K U E&R4A
EEHE(P<0.05), BEEHMARKTIABER AR THRAZS, £ 30%%KR4A 2N E 7RG NE
&%, HBEETXEAP<0.05), AT 9o &k WHMEA 42.53%5436%= 17, HYHRK
Fik 2| 75%Ht B KT X B 41(P<0.05); T & & Jk WLH b E 7 71.67%86.89% 2 [] , X 45%7F1 75%
AR B FRT X B 4(P<0.05), &HRAMEBANYEMNEEENEG TXEA, % 45%7F 60%
HRA I FEEZE RP<0.05), % AR, HWIKEGTURRK ZE 4 & 7R+ 15%8 &85 A
o EKEE . FARAIH LR G H A, R, R R R

KA HWIKEE; KEH; ZAk; &R
FESES S963  XHkERIRES A 0 XERS

& — PP AN AT FEA B, 2 H AT K DR
TR AR Tk, KRR, Hehat
OOl TR A B = i, Iris e ok & ok B
f LL )t B T — 3 (Naylor et al, 2009), Hity, Sk
R 83 1B B 2R R AT SR 2 K 7 o 3R DR 9 Y
A5 50 5 (Krishnankutty, 2005), k2% #(Scophthalmus
maximus L.) & — Fl7e [ A4S W7 LA 458 i 7 9% 5 oK
Fota il FEEARSEMEL T F50, HE AR E A
5T 2K 88 5 (Caceres-Martinez et al, 1984; EPrJEdE,
2014), HAif £ B EE &= 0 A 0 E R 2 1178 (Bonaldo
etal, 2011), EA¥HENFIHRET . THRHremm
JoT B LR R foky R AR R YT 98 K24
b TR EAT, Bl EKRE I (Regost et al,
1999) . 2 R Wi & A1 25 K2 2P B ORI (Burel et al, 2000)
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A (Yigit et al, 2010) . K %8 [ (Day et al,
2000), ZHI5ME & H (Nagel et al, 2012), /INEEH
(Dietz et al, 2012); A —LLHRAHIPEH, &
TR B F(Yigit et al, 2006)F1 2 7K i T 7 #y (Kroeckel
et al, 2012)3 3 & & & Hi ¥ & 1 (Fournier et al, 2004;
Bonaldo et al, 2011) %8 X 22 6 fic 5 4n) 8L v i £
Ky, ERCEAEAE DM PUE RN T E R A
S Ay 45 1) S5 RIS 1) 2 HLAE K =D R R R Yz
MR A 22 ) R P, HE RS T A
60%, A HAL LA AR PR ETIA 50 T t, B
28 B 58 T A AN ] S — BB T 09 8 0 ok R (Zhu,
2004), WFE R, AU ] DL T f4 (Nandeesha,
1990, 1999, 2000; Rangacharyulu et al, 2003),
fif(Nandeesha et al, 1998), Z% [ £ }i| ffi(Mahata et al,
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1994). #F%(Habib et al, 1994)F1% & (Khatun et al,
2003)FL A5 ARk H AR ot o AR AR rp {14 i AR B
F & BN T A0l B 2= 0 58 Be B B N BRI A 25
TEH 1) PR oG A i S — SE A R AU R A A
IR T Z S AR 7)o X AB B Y 2 1 I B 2 R
FEBIPPAE . BUE RN 28, 38 S (B AEA
¥, 2009)o JRATITAE(2010)7E BT 314 2 Al H AR 5
T 2.5%H1 5% AEH KSR R Ak, AP R R
W, MRLGAEARRE. AEASE ., NARAR
FEMG . Bk R LA S L-L R M S e A44) o5 1 %o R
HETCM IR, KA B & LB 0K E A 7E KA sh )
MY BTSSR ES AT PR . R, A B e
PR P R R P B A oy A e}, B LR R
ZROP AR KB L TRDBHRI A L I AR R e e g 1Y
SEN , PO U IR AR 1 AR A RS B C & LR A AR
SRR IS E YN = R ) R i = Xl A R EOF (A A E
FE A

1 MH5TE
L1 ARERSES

TS, A3 AT OB I IR AR 100 R 40 AN IR
MM (R D), RIE M AR E AR 00 15%.
30%. 45%. 60% . 75%M K EC ] 6 Fh 4 A(50.33%+
0.05%) . Z5fE(17.28+0.06 MI/kg) A ialk}, 1aIRHEC J5 1
HHRLE TR BT W3R 2. SR 1B R P R R AR 1
AILTRA T 7] e T2 g A K240, E R
HART NN IR AR (2R . AR . R, N
RR), i H AT 2 IR AN 78 2% R 7K, [l
I A FH R G s« 7R« N
MR S-RERRLIF=4 1 2:2: 1 DIREEEIEE
B o ARG SR FH = S8k AL VE M TH AR 300 5 I 4
Yo PEHRIVERT, B i RDRHER R RS i 60 H
SR 5 e BRI 5 v A9 B 66 BE TR 5 3 50, I At B2
A7, PRI fEAK AT MBI . A FBURAT5F 254
[F-26(11), 4 Fg BT Q2% PR 42 51 34 20 19 JURHBE I .
22 4 mm OB, T BORLAE 45 °CHEAR AT 12 h,
HABLET—20°C ka4 .

1.2 FESERE

FEH LI T 2012 4E 10-12 A EEZ W ERME
O S, IWHR)EEIIE T, Il 56 d. MRS
HENEEKIEIR RS, RBIRAFYERIE K46 (400 L)
PSRN, B RDUEHE | IR B 4 M A W3 /K s
LR s, LI A AR T SR, HLE SRR T

RO BN EI R A, F )Y 14 d, B KA
WL T R fofF L ARG N FRAE IR . e BRI R (19.84=+
0.04) g W 600 B TSL4, BEYLA LR 24
AIKGEFE T, BEAE 25 BAal, BAORARE 4 4
EAE L, SEIAE, AR H]F 08:00 Fl 18:00 1 &%
MUK, $EMR 1 h 5 R T A iR T W Sk I SR ak i
WRECH , AR i 75 29 XFA,
RIS 5—6 h A HITIGRIREESEME, A7 TF-20C
VKA R T IS AL S0 I A o S 56 0 R) K TR PR R T
15—-18°C R 27-29,24 h B, IR AR5 7E 7 mg/L.

1.3 HEmER&ESHH

SLEREEH, SR AAYLE 24 h JSRRE AR b A
I IC R A AR, T ROE R R E AR
TR . BN KIBA TP REPLI 5 FB4hf, Al 1 ml
—UMEET A R S bR UM & T HTBEE T, 1R 4°CUKAR

*1 BRESSEMMEFREAFTRERAMELX(% )
Tab.1 The nutritional compositions of fermented silkworm

pupae and fish meal (% dry weight)

WiH b IR EA
Items Fish meal . Fermented
silkworm pupae

+4% 5 Dry matter 90.19 90.83
H1FE H Crude protein 71.72 54.32
LI Crude lipid 7.76 10.25
JK/3 Crude ash 21.98 6.15
WS R Essential amino acid

&R Arg 3.48 2.53
AR His 2.36 1.04
SRR Tle 2.61 1.76
T E IR Leu 4.46 3.13
AR Lys 4.73 2.46
E R R Met 1.72 0.83
KN & R Phe 2.45 2.16
JE R Thr 2.25 1.61
R R Val 2.89 1.89
{6 R Trp 0.87 0.75
JE T & IR Non-essential amino acid

NER Ala 3.89 1.87
KITE AR Asp 5.28 4.43
LR Cys 0.71 0.18
HEMR Glu 8.00 6.13
HER Gly 4.17 1.93
22 IR Ser 2.23 1.83
% &R Tyr 1.91 1.85
i &R Pro 1.30 1.75
WA E IR B i EAA 27.91 18.20
FILMR B TAA 55.41 38.17
(EAA/TAA)/% 50.38 47.68
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#HE 24 h, SRJG B 03000 r/min, 10 min), B F VR
Rpame, R TFWAT, W5 280 CrkA -7

B 5 Sz BV oy B AR . B, TEMAP A,

B -80°CUKFaIRAE, TR, . Wi
KBS . 34N, BEDLEL 4 AR R E | (kK | IFE,
FHF SRR R b . BUREZS S, AR AR B LI
5 BRAAT-20CKAE, AT a4, o
Ky, MEE . AW . K& a5 Rk, kL
FAa R T, A IR o Ko F B e
1 AOAC (1995 1 kAT 73 o T4 B i) 2 SR
105 CHET EIEE M % B A A E R LG E
A, FIH] Kjeldahl 4 H 3153 74X (2300-Auto-analyzer,

FOSS, Hillered, F+2&)kil; KAE 7% £ k42 Bk
(36680-analyer, BUCHI, Flawil, Hi-1)#EA7I0E ; JK4>
SR A By s A 550°C R S Al 5 B 2k 1)
SRS RIN 55 b, RO R IR AR 1 SR (R
SR & il R IR A, 2R IR A %

] 422 12 T T A8 2 K B IR 22 U B 1 26
fERGH—&, 78 105C T, REMHAYLKER
AU 2 ZE AR 1, = SR A e U R P R B
TR B RO BT 7 (Wang et al, 2014). JE#
il . BWile . R ERE . SN EABALT) . FHE
A (AST) LA K8 S8 0 4 157 Ak i (SOD) 1) 176 4 34 2
FH Rt AR A ) G

F2 AMBEAMERHRK(% )

Tab.2 Diet formulation and chemical proximate composition of the experimental diets (% dry matter)

i H AR Replacement level

Items 0 15% 30% 45% 60% 75%
49} Fish meal 65 55.25 45.5 35.75 26 16.25
Ik FSP 0 13.5 27 40 53 66.5
/INFEH) Wheat 23.15 20.15 16.72 13.95 10.99 7.56
KT IIBENS Phospholipid 2 2 2 2 2 2
fajll Fish oil 6.5 5.6 5 42 3.6 3
A Z WU KR Vitamin premix’' 0.5 0.5 0.5 0.5 0.5 0.5
B R WU R Mineral premix? 1 1 1 1 1 1
S ALHETE Choline chloride (99%) 0.3 0.3 0.3 0.3 0.3 0.3
R4S Calcium propionic acid 0.1 0.1 0.1 0.1 0.1 0.1
A FEMEME Ethoxyquin 0.05 0.05 0.05 0.05 0.05 0.05
W2 — &% Monocalcium phosphate 0.3 0.3 0.3 0.3 0.3 0.3
TEHBREN Sodium alginate 0.5 0.5 0.5 0.5 0.5 0.5
FIEF PR R Chrystal amino acid’® 0 0.15 0.43 0.75 1.06 1.34
H 517 E 7 Atractant 0.5 0.5 0.5 0.5 0.5 0.5
=447 Yitria 0.1 0.1 0.1 0.1 0.1 0.1
FLAR 43 Proximate analysis
J2fiE Gross energy (MJ/kg) 17.21 17.22 17.28 17.28 17.32 17.38
H7E  Crude protein 50.31 50.32 50.40 50.35 50.26 50.33
HMLBE W5 Crude lipid 13.46 13.23 12.38 12.80 12.55 12.88
7K%Y Moisture 7.85 8.69 10.03 8.25 7.75 10.30

W1 i ERTURE (mg/kg RBD: 4EEEK B, 25; BIEEK, 45; MR, 20; 443K A, 32; 4i4:E Ds, 5; 4i2ERK E, 240; 4iER
K, 10; 4E2E % C, 2000; LY By, 10; £, 60; JILEE, 800; HHER, 200; iZHERES, 60; 4k By, 20; W44, 1473
W2 YR TR R (mg/kg R -EKBREREE, 1200; -E/KBRIRH, 10; -E/KEREREL, 80; —/KELEREE, 50; —/KALAR%E,

45; FAksE, 5; WiEREN, 20; MLERES, 60; WA K, 8485

3 IR TR R (mg/kg THD: 7E 15% . 30%. 45% . 60% . 75% AR ALK AR A0 20 )k - K5 &R 0.10, 0.60, 1.20, 1.80,
2.30; FZEMR: 0.80, 2.00, 3.40, 4.80, 6.00; #HZEWE: 0.50, 1.20, 1.90, 2.60, 3.30; FrZA&: 0.10, 0.50, 1.00, 1.40, 1.80

Note 1 Vitamin premix (mg/kg diet): thiamin, 25; riboflavin, 45; folic acid, 20; retinyl acetate, 32; cholecalciferol, 5;
tocopheryl acetate, 240; menadione sodiumbisulphite, 10; ascorbic acid, 2000; cyanocobalamin, 10; biotin, 60; inositol, 800;
niacin, 200; pantothenate, 60; pyridoxine HCI, 20; zeolite powder, 1473

Note 2 Mineral premix (mg/kg diet): MgSO,4-7H,0, 1200; CuSO,4-7H,0, 10; FeSO,-7H,0, 80; ZnSO,-H,0, 50; MnSO,-H,O0,
45; CoCly, 5; Na,SeOs, 20; calcium iodate, 60; zeolite powder, 8485

Note 3 Amino acid premix(mg/kg diet): The respective content in 15%, 30%, 45%, 60%, and 75% replacement treatement:
Arginie: 0.10, 0.60, 1.20, 1.80, and 2.30; Lysine: 0.80, 2.00, 3.40, 4.80, and 6.00; Methionine: 0.50, 1.20, 1.90, 2.60, and 3.30;
Threonine: 0.10, 0.50, 1.00, 1.40, and 1.80
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14 HEAXEHELESH

A K SRR AR T

i A K F (Specific growth rate, SGR, %BW/d)=
In(Z AR AR )/ (W) R VR H )/ 3R FH B[] X 100%

AR (Daily feed intake, DFI, %/d)=f & /[
B a1 > (47 4 A B+ AR AR H)/2] x100%

Tl % % (Feed efficiency, FE, %)={&3 & /# &
H#x100%

HFA [t (Hepatosomatic index, HSI, %)=HT /i 5/
KR EX100%

JIE 3% ) (Condition factor, CF, %)=% K& & /{&
K *x100%

T | B A 2T Ak e B AR
33 (Cho et al, 1990):

T ¥ i /) 74 16 R (ADC of dry matter, %)=[1—
Dy/Fy]*x100%

RN ALF(ADC of protein, %)=[1—(F/Dx
Dy/Fy)]x100%

K, FOAFERE A& &, D B E A &,
Dy AR Y05 H & &, Fy AERAE T Y,0, B & &

AT LB el ATy 257 A 3, Y P<
0.05 B, ARl /e 2557 ERG IR, 7RI Ty 25 55 PR IG
(LR L PR T B R 3R 5 2250 H1(One-Way ANOVA), #7
£S5, T Turkey’s ZHE AL, 24 P<0.05 BFA T
PSR 5 AR SRS SPSS 17.0 FRid TAb B

2
21 THE. £K. ARFASELE

BRI SRR A KEEEAET S, AL AT
TR R 100%.

R 3 iR, KB ARIKE | FreEdk
FARRESCR B A K T R R, ELAE AR
R 30% K DA b fofy i i 2K T X IR 2 (P<0.05) . $RER
BEEAC KT S 0 B A R R, 76 30%81C
2RI e AR B R, B T R4 (P<0.05).
TR0 5 1) 26 LT A SR AE 42.53%—54.36% 2 1], H.
MEARIKT IR B 75%0} 1 2% T X B ZH (P<0.05); 1M1
TR R WAL RTE 71.67%—86.89%22 0] , 1L 45%F
75% A4 B F AL TXF B 2H (P<0.05)( 1),

®3 ARGEAFRKXESLDENEREARFTR

Tab.3 The growth performance and feed utilization of juvenile turbot fed with the experimental diets (Mean+SD)

i H /K Replacement level

Items 0 15% 30% 45% 60% 75%
WIHRTRE 1BW (g) 19.83+0.09 19.84+0.02 19.88+0.04 19.86+0.04 19.84+0.03 19.82+0.04
LARIRE FBW (g) 61.67+0.42°  57.63£4.65°  49.17+3.62°  44.55+4.11°  35.29+3.62°  25.31+1.86°
FREE KK SGR (%BW/d)  2.03%0.02° 1.90£0.14%®  1.61£0.13*  1.4420.16° 1.02+0.19¢ 0.43+0.13°
B R DFI (%BW/d) 1.52£0.01°  1.74+£0.04*  1.87+0.25" 1.79+£0.11®°  1.76£0.09%®  1.47+0.06°
TEBIR R FE (%) 1.21+0.01° 1.00£0.09®  0.83+0.16° 0.77+0.13>  0.56+0.09° 0.30+0.09¢

W B E AR B _ bR 308 22 5 i3 (P<0.05)

Note: Values with different superscripts are significantly different (P<0.05)

T# i Dry matter
B & [1)% Protein

(=3
(=}

FH %
Apparent digestibility coefficient/%
oN
S
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(=
T

[}
(=}
T

(=

15 30 45 60 75
AR LB Replacement level/%

1 AN ] ik B DR 22 4 1 ) SR
EARVEIE P URERIE S
Fig.1 ADC of dry matter and protein of juvenile turbot fed

with the experimental diets

22 fafk#ERR. FHKLE. BBEE

KEZEEAOAIK S . MGG AL 4 RUR 435 5y
BrECHE W2 4, AR 7K 23 TR 53 BE R A AKSF T e i
Thi, KB e 75% AR = B E 22 5, K
IITE 30% B AR H B 2 T R (P<0.05) . fafik A
FIUKLIG 105 5 2 AR X A1) T v T R A, LB I 7E 75%
B AR AL 5 X FALAH LR B, KR I 2 B 7E 30% K LA
AR LH B 3 25 R (P<0.05) . JIFAAR B A 6 B 7E
2 2 [ AT I 3 M 25 57 (P>0.05) (3R 5).

2.3 HiLEE. RGiEE. RREEEEME

MR 6 ATLLE Y, FF AT s S B P45 4 =2 181
L EPEZE R (P>0.05); T4 VA 17 G B IF% o B ] 1) e
B, T5% A0 50 A A i 2 25 5 (P<0.05).,
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Tab.4 Proximate whole body composition of turbot fed with the control and the experimental diets (% wet weight)

i H /K Replacement level

Items 0 15% 30% 45% 60% 75%
7K 43 Moisture 77.93£0.59°  78.22+0.35°  79.08+0.43°  79.01£0.61°  79.33£0.62°  81.40+1.33"
FLZE T Crude protein~ 14.8440.26°  14.90+0.18°  14.80+0.24°  14.74+0.21*  14.38+0.41°  12.74+1.12°
HMUIENF Crude lipid 3.22+0.57° 2.80+0.26™ 1.97+0.41% 1.82+0.59% 1.690.40° 1.03+0.43°
K4y Ash 3.43£0.08¢ 3.55+0.12°%¢ 3.79+0.18" 3.94+0.14° 4.09+0.14% 4.29£0.16%

I BHRE AR RN 22 7 W3 (P<0.05)
Note: Values with different superscripts are significantly different (P<0.05)

R5 MRGEARMKXEFHENITEL . BHE

Tab.5 Hepatosomatic index and condition factor of juvenile turbot fed with the experimental diets (Mean+SD)

WiH /K- Replacement level

Items 0 15% 30% 45% 60% 75%
AP L HSI (%) 0.99+0.07 1.07+0.1 1.03+0.05 0.98+0.07 0.94+0.08 0.91+0.09
JE 5 BE CF (%) 4.00+0.34 4.360.32 4.46+0.21 4.59+0.32 4.26+0.34 4.15+0.34

T B AR Y EAR R 22 5 1 % (P<0.05)
Note: Values with different superscripts are significantly different (P<0.05)

*6 BESLEARAMXEFNELRNE . HUBMNEZEEYE
Tab.6 The activities of protein metabolism, digestive and immune enzyme of turbot fed with experimental diets (Mean+SD)
HH BLIKF Replacement level
Items 0 15% 30% 45% 60% 75%
BN B ALT (U/g prot) 82.50+13.14"  62.87£16.23"  54.06£10.88"  67.30£9.01°°  51.44+24.83"  32.11x16.90°
BB AST (Ulg prot) 11.99+3.0.5 14.65+2.20 14.28+5.26 14.83+4.08 14.7745.21 12.84+3.63
B2 [1/iF Trypsin (U/mg prot) 820.17+168.34 740.14+344.71 494.26+79.98  753.034245.43 810.69+319.69 737.11+209.88
JIE Wil Lipase (U/g prot) 9.96+1.80 9.8143.67 8.80+1.88 10.04+1.00 8.51+2.19 7.77+0.52
JEH A Amylase (U/mg prot) 0.10£0.02®  0.11%0.01° 0.10£0.01®  0.10£0.01®  0.08+0.01° 0.08+0.01°
Ve BRI bR % 2 5 53 (P<0.05)
Note: Values with different superscripts are significantly different (P<0.05)

W R 2B I IS IO 4% 20 2 i G b 25 _ 25 5
(P>0.05), JEMEFAIIENE 60% . 75%CH B EKT 20l ab T b
159 R L4L(P<0.05) (35 6). AL B 0 1L A BE (. 1 e b | 1

g2
TV S5 A FTRA , 75 45%H1 60% 5 1C 4 i 35 25 T-%F =2
HE41(P<0.05)( 2). £2 |
3 iTfit BT st
2
ARG, A T80 R 2 A D AN R 7k e T S 7 S S—
%E’J@?{%ﬁ%kjﬁﬁﬁFﬁ{ﬁ%i’ﬂjﬁ 100%, Iféﬁﬁjti AR L] Replacement level/%
BEXT AT N B FRTE S5 RS2 0 DR B 18 B, FRE Pel 2 MRS [ Ao A A 322 6 40 £ S A 400 B AL R
SEU R Fig.2 SOD activity of juvenile turbot fed with the
U4 Ok 2 115 K 3 BT i R 15 9% Y experimental dicts

R, SO BP AN I ZORIRE | R AEROR AR h(P<0.05). P, ACBIFE r 6 1A% M I 2 £ T L8
R E N 225 (P>0.05)s (HHEAUKF-fi s 51 LA 15900 ) 530 0 0 <
30% K Lh Emf, HARRE AR RCRZ B R E A, X ST . EREAR . SR
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SRR AR B DR} b f10B) 1 45 SR AR (0L OB B9, 2008Y;

Regost et al, 1999; Yigit et al, 2006), AR5, K3E
BF 5 B R AE AR A IR 2 A KO H B 2 A
XA RESE T A RS TN IL RE R RRAIG, faEh T
AT A I R BT THR B R | R B i (R4,
2010)%; HEEE A BIE— SR (75%), HER
I R, T BB S BT LA M DA R R
M Z SR (INR RS, 1993), w0 il i
BB T ORZE BRI 52 75 [ 5 A v] AR 2 fk
Fr KA AR R B A R, kLR K
L)) ) B ARCLPROESE, 2006; XIPSHESE, 2012),
AT, S I AR AR G RS2 6 &y i i A 2 B
FEAR T AR, U R LR W AT B AL 1)
3.22% FRER] 75% A1 1.03%., HIHAKE A 1L
2 T LUE G & s 10.23%, BEE AR
KA, ARE R A I I R AL R 2 A B e, #hfa
TESERH B IR A B, X AT eSS BORE BEXT i
15 B ) FH 2R 2. 2 R B (Kroeckel et al, 2012), K= fif 45
1 W KR R TR e R T B RO R
AT R IR B E R, XN AR
P # AR IR 9 P i A7 % B (Fournier et al,
2004; Nagel et al, 2012), X &7 Gk} 75 A 35 1
(Tusche et al, 2011), £ 2 To vk A1 B 2104 1)k 58 Bl
H B A A R, SE MR TR N 55—y I,
R 1R I 4 - o O O 1 A 3 2K 1) 8 i
TR — Ny, MRS S5 Y R TR
YIRS, ARBF SR IR IR — S 454 B T e fa
NS I s 2L (B s B 4%, 2009), MTTS RS9 5
PIVTRURI (R K o & i BT, ARSI, iRk
oy E e SRR NGOG, IR LR AR
BT F% 51 AY (Shearer, 1994; Rasmussen et al, 2000).
ALT F1 AST AWK N e % =il , AR
HHY ALT R AST 35 AT DA SR Aty £ 38 (1) 22 HE R 1)
LR, AW ALT RIS PEBERE K/ T
T BT, 8 B o O 1 X e S S e 1 AR 0 2
TR, TR 8 —EmiE, X5
Cheng %(2010). Li Z£(2013)AYAF5T 45 R A0, SOD
AR AE S T B B B 3R T BREE T, ML R A A
et Mgt S K F A THE, i SOD i
PEREAR . & ERIT &0, B B RS N mT et

0 AR R S PR S 7 A B (PR AL A 5, 2007), (HA
5, SOD JE MR L HI T e R E T s e H
JIBEAR, 3 5 L PLARAE(2012) 7 F e 5 B AR A9 R AR
SRR R AR XA Y SOD T MERGSZ AL, X AE
E(2009)F 58 L B, Al 2 K EA PR L TE T,
XF1-OR S 2- A ORI L R BB H R
B AR B AIE BRBE T o BRI, AR R EE
BN A oA T B A E AR, AR R T AL
A 77 A0 S0 3 ) R

HAHAE T Y AR TE 42.53%-54.36%
6], EHAE 75%R A CK i i A0 T X RA 2, & %
oAby e sh iy — ¢, HAAE#SAHILT B
Kroeckel %¢(2012)IWF58 & B, KEZZ6FH7E NI 5H
JUT el sl BAT JLT I 4 e 6 1 i 2 4, 3 v i
B M) IS 0% g U 11 9 A A Y R R 22—
AW, AR E R R LR TE 71.67%—
86.89% [0, 52 WA FEAH L, 22 T A M5
B H(57.0%76.8%) (Nagel et al, 2012)F1 1245 7K fi#
T 1(74.2%—77.8%) (Oliva-Teles, 1999)A1akl; 5&
i /NAE T R R R (83.8%—83.6%) (Bonaldo et al,
2011). %A EKEAHKH(73.5%-88.5%) (Regost et al,
1999 mPEHE Y s AR T &8 ERE AR . /NEE
1Ok F0PI B R R TR A A W R 1 (95.7%-96.7%)
(Fournier et al, 2004) Y £E . (HZ, Xf T3 $EA ] 52
B3 25 F T A4 AT EL IR, [R] SR 78 35 0 o (1) 2
MR SZ R 2R E RN, Flanimeme . B
WM AR T DL KA T 145 (Glencross et al,
2007) HE—A 43 Hr 45 Ab B AH B g T AL Bl R B, R
BV . DG 7 0 100 05 M AR TR B R AR KT 4 v
B E MR (P>0.05), (HEATTAIGE # il ) A2 fb i o
ALY, BBERIATE 15%—60% 8K -2 6 Rk
B, 12 75% B ARKE MR R, TE A B D G
TXFREZH (P<0.05), 33X 5 R W A6 1 A8 fb b b &
—E . BRI, T AU 0 KA 6 R SR R
THALBE 7 A 2 , 3 70 o 1) i R AR K™ s
KEEGEITEALRE ST, KB IHALBETE SRR, R+
Wy RN 5 A UL A BRI, (R R 2 AL 5 2
HE— A B F IR L

TEARMFR AT, WA (o] U R 22 61 %))
Tk b 15% 1 fe0ky 1 AS s i AR K BRDRERT T A & 5

1) RS, AN[R SRR B G b S — A RE S SR (R R XP)XT R ZE 0P | A A 2 LA Mgl A ) 5

H R AR RS A F ST A 2 38 S, 2008, 34-35

2) FREFHE. KB RN A0 X LA ORI PR LR A 3B SR AR OB E SR AR B ST, b A e M DR AR A IR L,

2010, 53-54



B3 OME BRSE IIKER (BT K ZE 6 (Scophthalmus maximus L)gh A | faRERIH . TE AR X stk s R 91

R AN AW ISR L= S PN =3 U R O S K =L A T A7 -2
M g JERC AT 1 )P A Dt PR 2 AR v A3 1 L T AR R
P AR 25 J5 T, AEHX RS B R A S M e B
PEFEAE T, AT LA R 5 A JP A 11 4 o T Ak B
SIS 550535 , 2t — 4R i A R AR R
AR A LB, oK™ IDRHEE IR T A B Al

2 % X M

LU, BEa, Rardr, 55 rRmRARe X R A G | R
SR S K Rk B . il R R, 2012, 33(1):
54-60

ThRYE, ZEgil, FHHE, & ORSRDINT T2 AR it K32 67
4yt A K R FRFEK IR R S . el B2 R, 2014,
35(3): 60-67

SCPRHE, /NG 7K A 0 R 0 25 1 U5OR AR AT 5 I
rh DR B2 AR (FLARBEARR), 2005, 35(6): 929-935

FREFUE, s, BOREAS, 2. MAREE OB o X BT 7
AR R g e sEmE. FE L, 2010, 31(1): 26-28

RIDLHE, A HERR, CPOME, . TR PR 0] K22 6
PR AR AR B K2R, 2012, 36(3):
466—472

VIR, TRAsoe. i S IRY) B n) 0 & SR, JeH R Tl
FBEAEAR, 1993, 12(3): 192-196

Pastbe, ZERl, PRls. A 2 IR A T2 R RSN
TIEPE. B RRE, 2009, 30(14): 123-126

AL, 2R, EILE. SO AR e P R4
(Oreochromis niloticusx O. aureus) k<, AR B A3 11
BRI, HEVES T, 2007, 38(2): 168-173

By B RAIR, ERRTE, S B LR v ok 6
B BE )1 8 (Platichthys  stellatus) %) £ 22 L2 20 1 1Y 52 Wi .
T S, 2011, 42(2): 229-236

BAREAS, TR, ISR, S diRRER 1 R R B R AR
PR SIS . TR, 2008, 42(4): 37-39

Association of Official Analytical Chemists (AOAC). Official
Methods of Analysis of Official Analytical Chemists
International, 16th Edn. Association of Official Analytical
Chemists, Arlington, VA, USA, 1995

Bonaldo A, Parma L, Mandrioli L, et al. Increasing dietary plant
proteins affects growth performance and ammonia excretion
but not digestibility and gut histology in turbot (Psetta
maxima) juveniles. Aquaculture, 2011, 318(1-2): 101-108

Burel C, Boujard T, Kaushik SJ, et al. Potential of plant-protein
sources as fish meal substitutes in diets for turbot (Psetta
maxima): growth, nutrient utilisation and thyroid status.
Aquaculture, 2000, 188: 363-382

Caceres-Martinez C, Cadena-Roa M, Metailler R. Nutritional
requirements of turbot (Scophthalmus maximus): 1. A
preliminary study of protein and lipid utilization. J World
Maricult Soc, 1984, 15(1-4): 191-202

Cheng Z, Ai Q, Mai K, et al. Effects of dietary canola meal on
growth performance, digestion and metabolism of Japanese
seabass, Lateolabrax japonicas. Aquaculture, 2010,
305(1—4): 102-108

Day OJ, Gonazalez HGP. Soybean protein concentrate as a
protein source for turbot Scophthalmus maximus L.
Aquacult Nutr, 2000, 6(4): 221-228

Dietz C, Kroeckel S, Schulz C, et al. Energy requirement for
maintenance and efficiency of energy utilization for growth
in juvenile turbot (Psetta maxima L.): the effect of strain
and replacement of dietary fish meal by wheat gluten.
Aquaculture, 2012, 358—359: 98—107

Fournier V, Huelvan C, Desbruyeres E. Incorporation of a
mixture of plant feedstuffs as substitute for fish meal in diets
of juvenile turbot (Psetta maxima). Aquaculture, 2004, 236:
451-465

Glencross BD, Booth M, Allan GL. A feed is only as good as its
ingredients — a review of ingredient evaluation strategies for
aquaculture feeds. Aquacult Nutr, 2007, 13(1): 17-34

Habib MAB, Hasan MR, Akand AM, et al. Evaluation of
silkworm pupae meal as a dietary protein source for Clarias
batrachus fingerling. Aquaculture, 1994, 124: 62-65

Khatun R, Howlider MAR, Rahman M, et al. Replacement of
fish meal by silkworm pupae in broiler diets. Pak J Bio Sci,
2003, 6(11): 955-958

Krishnankutty N. Plant proteins in fish feed: an additional
analysis. Curr Sci, 2005(89): 934-936

Kroeckel S, Harjes AG, Roth I, et al. When a turbot catches a fly:
Evaluation of a pre-pupae meal of the black soldier fly
(Hermetia illucens) as fish meal substitute: Growth
performance and chitin degradation in juvenile turbot
(Psetta maxima). Aquaculture, 2012, 364: 345-352

Li W, Ai QH, Mai KS, et al. Effects of dietary amino acid
patterns on growth and protein metabolism of large yellow
croaker (Larimichthys crocea) larvae. Aquaculture, 2013,
406-407: 1-8

Mahata SC, Bhuiyan AKMA, Zaher M, et al. Evaluation of
silkworm pupae meal as a dietary protein source for Thai
sharpunti, Puntius gonionotus (Bleeker). J Aquat Trop,
1994, 9: 77-85

Nagel F, Dannwitz AV, Tusche K, et al. Nutritional evaluation of
rapeseed protein isolate as fish meal substitute for juvenile
turbot (Psetta maxima L.) — impact on growth performance,
body composition, nutrient digestibility and blood
physiology. Aquaculture, 2012, 356: 357364

Nandeesha MC, Shikanth GK, Varghese TJ, et al. Influence of
silkworm pupae based diets on growth, organoleptic quality
and biochemical composition of catla-rohu hybrid. Aquacult
Res Asia, 1998, 4: 211-220

Nandeesha MC, Gangadhara B, Varghese TJ, et al. Growth
response and flesh quality of common carp (Cyprinus carpio)
fed with high levels of non-defatted silkworm pupae. Asian
Fish Sci, 2000, 13: 235-242

Nandeesha MC, Gangadhara B, Manissery JK. Silkworm pupae
oil and sardine oil as an additional energy source in the diet
of common carp (Cyprinus carpio). Asian Fish Sci, 1999, 12:
207-215

Nandeesha MC, Srikanth GK, Keshavanath P, et al. Effects of
non-defatted silkworm—pupae in diets on the growth of
common carp, Cyprinus carpio. Biol Wastes, 1990, 33(1):
17-23

Naylor RL, Hardy RW, Bureau DP, et al. Feeding aquaculture in
an era of finite resources. Proc Natl Acad Sci, 2009, 106(36):
15103-15110

Oliva-Teles A, Cerqueira AL, Gongalves P. The utilization of
diets containing high levels of fish protein hydrolysate by
turbot (Scophthalmus maximus) juveniles. Aquaculture,
1999, 179(1-4): 195-201

Rangacharyulu PV, Giri SS, Paul BN, et al. Utilization of



92 ook B

2 )R %36 %

ferment silkworm pupae silage in feed for carps. Bioresour
Technol, 2003, 86(1): 29-32

Rasmussen RS, Ostenfeld TH. Effect of growth rate on quality
traits and feed utilisation of rainbow trout (Oncorhynchus
mykiss) and brook trout (Salvelinus fontinalis). Aquaculture,
2000, 184(3): 327-337

Regost C, Arzel J, Kaushik SJ. Partial or total replacement of fish
meal by corn gluten meal in diet for turbot (Psetta maxima).
Aquaculture, 1999, 180: 99—-117

Shearer KD. Factors affecting the proximate composition of
cultured fishes with emphasis on salmonids. Aquaculture,
1994, 119(1): 63—88

Tusche K, Wuertz S, Susenbeth A, et al. Feeding fish according
to organic aquaculture guidelines EC 710/2009: influence of
potato protein concentrates containing various glycoalkaloid

levels on health status and growth performance of rainbow
trout (Oncorhynchus mykiss). Aquaculture, 2011, 319:
122-131

Wang Q, He G, Wang X, et al. Dietary sulfur amino acid
modulations of taurine biosynthesis in juvenile turbot
(Psetta maxima). Aquaculture, 2014, 422: 141-145

Yigit M, Erdem M, Koshio S, et al. Substituting fish meal with
poultry by-product meal in diets for black sea turbot Psetta
maeotica. Aquacult Nutr, 2006, 12(5): 340-347

Yigit M, Ergiin S, Tiirker A, et al. Evaluation of soybean meal as
a protein source and its effect on growth and nitrogen
utilization of black sea turbot (Psetta maeotica) juveniles. J
Mar Sci Tech, 2010, 18(5): 682—688

Zhu LS. Exploitation and utilization of the silkworm Antheraea
pernyi. Northern Sericulture, 2004, 25(101): 32—33

(%35

Effects of Dietary Substitution of Fishmeal by Fermented Silkworm
Pupae on the Growth, Feed Intake, Digestion and Immunity of Juvenile
Turbot (Scophthalmus maximus L.)

MEI Lin, ZHOU Huihui, MAI Kangsen, XU Wei, HE Gen”
(Key laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003)

Abstract Fish meal is a major protein source in aquafeeds especially for carnivous fish species.
Increasing demand, unstable supply and high price of fish meal with expansion of aquaculture made it
necessary to search for alternative protein source. Fermented silkworm pupae is a compound protein of
both silkworm pupae and some plant proteins and was a promising substitute for fish meal. To evaluate
fermented silkworm pupae as an alternative for fish meal, a 56-day feeding trial in an in-door seawater
recirculating system was conducted to investigate the effects of fishmeal replacement by fermented
silkworm pupae (FSP) on growth performance, feed utilization blood physiology and enzymatic activities
of juvenile turbot with initial average weight of (19.84+0.04 g). Six isonitrogenous and isocaloric
practical diets were formulated to replace fishmeal at 0%, 15%, 30%, 45%, 60%, and 75% levels with FSP.
Each diet was randomly fed to quadruplicate groups of fish. With the increasing FSP level, the specific
growth rate (SGR) and feed efficiency (FE) decreased and was significantly different at over 30%
replacement levels (P<0.05). Whole body protein and lipid content decreased with the increasing FSP
substitution level, and was significantly different at 75% and 30% replacement level respectively (P<0.05).
However, whole body moisture and ash content increased with the increasing fishmeal replacement level,
and significant difference was shown at 75% and 30% replacement level respectively (P<0.05). ADC of
dry matter (42.53%—54.36%) was significantly lower than the control at 75% replacement level (P<0.05);
while ADC of protein (71.67%—86.89%) decreased significantly only when 45% or 75% fish meal was
replaced by FSP (P<0.05). Hepatic SOD activity in all treatments was higher than the control and was
significantly different at 45% and 60% replacement levels (P<0.05). Results of the present study indicated
that FSP could replace 15% fish meal in the diets of juvenile turbot without compromising growth
performance, feed utilization, blood parameters and enzymatic activities.

Key words Fermented silkworm pupae; Turbot (Scophthalmus maximus L.); Protein source; Substitution
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