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HE PN EX YN N s SR PEEE Y FE L P SR ) S R TN 3T
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UM 2T AN B 5 . BRI OREL B T o ] S 5 BT G 2 B e (50% /
WO P AL T S TR . B4 O 12% ) VAT R G R A TR A, AR
WS TSSO R W B R SE T . Bell e lRME IS H (50% /129 ) 3L -, LA AT 31 4
SN DU RRORE AR 100% il ST RSB BRI 0.33.3% (66.7% F1 100% K a3, 35 58
g 200 13 LC-PUFA B Jy AR W RERF IR REAC 6 s 4 A K G 7 46 o S 0L
XIS (R, Regost 45 LU RERFIEE W0, o A 0 7 B A0 4 0 50 S, A i
R 100% o3y 72 KBRS K SE T (579 @) AR PSR Ak 7= FE Al T HE % A A S 4%
(T I 100% 631 2 76— B T 457 0 B .

Wt K SEILA SR L, B i pesemy L TR R
Gy LTI U B AL 03 LC- 1.1 GRS FIHI &

PUFA % 8 T BT 4 th k25 6F fr 6 o A 0 L Y R S B 1 o B R
BYRTREAOK T 5 FLAE S SR b JSE PRI (16, LT R 40 B 18 0% .33, 3% 6. 7% i
S Ee (CP/CL ) A AT 1 (55% /16% ~20% ), A 95 100. 0% ) 6 T , i 4 b 25 %% Mg I K 221 .

F1 SLIGABIE S R FE M

Tab.1 Formulation and proximate analysis of the experimental diets

JERL % SV JBEFF M B AR 7K -/ % linseed oil replacement level

ingredient 0.0 33.3 66.7 100.0
4} white fish meal' 33.00 33.00 33.00 33.00
A ¥ wheat gluten meal' 10. 00 10.00 10.00 10. 00
% [ casein' 6.00 6.00 6.00 6.00
/NS ¥ wheat meal' 16.00 16.00 16.00 16. 00
M soybean meal’ 18.88 18.88 18.88 18.88
fa 3l fish oil 7.50 5.00 2.50 0.00
RT3 Tinseed oil 0.00 2.50 5.00 7.50
K S U@l phospholipid 2.00 2.00 2.00 2.00
£ 1" mineral premix> 2.00 2.00 2.00 2.00
£ 4 vitamin premix’ 2.00 2.00 2.00 2.00
Z AL AH K choline chloride 0.13 0.13 0.13 0.13
R — & 4% monocalcium phosphate 1.00 1.00 1.00 1.00
IR %S calcium propionic acid 0.10 0.10 0.10 0.10
L H Kk ethoxyquin 0.05 0.05 0.05 0.05
=44k =% Y,0, 0.04 0.04 0.04 0.04
75 & 7| phagostimulant 1.30 1.30 1.30 1.30
W PFEBR 4N sodium alginate 0.05 0.05 0.05 0.05
545/ ( % FE) proximate analysis( % dry matter)
ML [ crude protein 49.74 49.81 49.81 49.87
BLRE D crude lipid 12.16 11.74 12.26 11.67
JK 4y ash 12. 14 11.44 11.38 11.66

TE:L Bl (TYE, %) MEE 70.22 AR 5.85: 4% ks ( THIBT, % ) , KL E 83. 95 KLARWT 1.28: Bk 1 (T# R, %) , KR
89. 44 KL 1.46/NER (THBT, % ) M E 16.03 MR 3.32: CHI(TH B, % ) MAE E 51,36 MG 1.79, 3% 46 JFUR 2l 2
TS EWREA RN F . 2.5 Y ST Y (8/ke BB ,NaF,2;KI,0.8; CoCl, - 6H,0(1% ),50; CuSO, - 5H,0,10;FeSO, - H,0,
80;ZnSO, + H,0,50;MnSO, - H,0,60;MgSO, - 7H,0,1 200;Ca(H,PO, ), + H,0,3 000;zoelite,15.55 g/kg, 3. 44 E HIEY (mg/kg
fakh) 44 R BL,25 TR 45 484 K B6,20; 4E/E R B12,0. 144 K K3(MSB),10; JJLEF, 800572 FR 45,60 ; 442 , 200 5 M-z , 20 ; 4= 4
L2 5 A BRI 32 425 R D3,5: 484 % E ARG , 120, 4 4E K C,2 000

Notes: 1. white fish meal( dry mater,% ) ,crude protein 70.22,crude lipid 5. 85 ; wheat gluten meal ( dry mater, % ) ,crude protein 83. 95, crude
lipid 1.28 ;casein( dry mater,% ), crude protein 89. 44, crude lipid 1. 46 ; wheat meal ( dry mater, % ) , crude proteinl6. 03, crude lipid 3. 32;
soybean meal( dry mater,% ) ,crude protein 51.36,crude lipid 1.79. These ingredients obtained from Great seven Bio-Tech. 2. Mineral premix
(mg/kg diet) ,NaF,2;KI,0.8;CoCl, - 6H,0(1% ) ,50;CuSO, - 5H,0,10;FeSO, - H,0,80;ZnSO, -+ H,0,50;MnSO, - H,0,60;MgSO,
- 7H,0,1 200;Ca(H,PO, ), - H,0,3 000;zoelite, 15. 55 g/kg diet. 3. Vitamin premix ( mg/kg diet) , thiamin,25 ; riboflavin,45 ; pyridoxine
HCI,20 ; vitamin B12,0. 1 ; vitamin K3, 10; inositol, 800 ; pantothenic acid, 60 ; niacin acid,200; folic acid, 20 ; biotin, 1. 20 ; retinol acetate,32;
cholecalciferol, 5 ;alpha-tocopherol, 120 ; ascorbic acid,2 000
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£ R RRAT 53 3 T 75 B L Ar AR Y R R
AR A A R A IR A R (£ 2) .
byt A N 7, il LC-PUFA 24 5 Sig i i
i) 18% ~25% "', LA LC-PUFA % fi1 il & % 17 R

x2

4 18% THE-, Al #0042 f i 20 33, 3% MEIRRFF I 2H |
66. 7% S FF T 2E 1 100% 37 JBR FF 31 26 4 8 o n3
LC-PUFA 4} 5 25 5 1. 70% . 1. 25% . 0. 80% Fl
0.35% .

i AR GRS B BR 4B R ( % R AR )

Tab.2 Fatty acids composition of oil source and diets( % total fatty acids)

NS 15 R 20 B ekl DA W RRAF I AR K /% linseed oil replacement level
fatty acids composition fish oil linseed oil 0.0 33.3 66.7 100
14:0 0.05 0.04 4.50 3.22 2.00 0.65
16:0 17.95 5.23 17.90 15.33 13.44 11.38
18:0 5.65 11.03 2.10 2.44 2.57 2.67
20:0 0.34 0.18 0.34 3.12 2.17 1.95
Y SFA! 23.94 16.44 24.84 24.11 20.18 16. 64
16:1 6.92 0.11 7.49 5.31 3.28 1.44
18:1 16.68 11.01 23.09 22.22 21.48 22.09
22:1 - - 2.41 1.61 1.01 0.71
Y MUFA? 23.65 11.16 32.99 29.13 25.77 24.24
18:2n-6 4.18 16.98 14.72 17.71 19.89 21.68
20:4n-6 0.76 - 0.49 0.38 0.24 -
Y n-6 PUFA® 4.94 16.98 15.21 18.10 20.13 21.68
18:3n-3 1.78 54.36 2.32 13.41 24.72 33.08
18:4n-3 2.45 0.05 1.36 1.21 0.48 -
20:5n-3 6.45 0.11 6.12 5.09 3.27 1.77
22:6n-3 11.57 0.05 8.40 6.17 3.96 2.16
Y n-3 PUFA* 22.25 54.58 18.20 25.87 32.43 37.00
> SFA/ ¥ PUFA 0.88 0.23 0.74 0.55 0.38 0.28
n-3/n-6 4.50 3.21 1.20 1.43 1.61 1.71

ARSI ER , 0 C22:0,C24:0,C14:1,C20: 1719 ,C22: 1n-11,C20: 2n-6 ,C20: 3n-6,C22: 5n-3 FH A, 1. SFA 1 IS I Bz ;

2. MUFA , BRI Ui B2 53. n-6 PUFA  n-6 R31Z NS NIER 4. n-3 PUFA , n-3 R 51 £ A4 F1 5 7 R

Notes: Some fatty acids, of which the contents are minor,trace amount or not detected, such as C22:0,C24:0,C14:1,C20: 1n-9,C22: 1n-11,
C20:2n-6,C20: 3n-6, C22: 5n-3, were not listed in the table. 1. SFA, saturated fatty acids; 2. MUFA, mono-unsaturated fatty acids; 3. n-6
PUFA , n-6 poly-unsaturated fatty acids; 4. n-3 PUFA  n-3 poly-unsaturated fatty acid

T Feb ] £ 22T, FR N SR S TR JRURE 25 S
4,3 320 wm G 9, FHETC H /INEI R 72 405 B 1
SRABEARMREGWIEAN V BT RS
25 min, KGR WEAR | BRIl R AR R 5 29 5 Bl
JeRE S E IR 1 TRy SE IR 2T, I AGE K
WA, & A s FAPRHILE (F-26 (ID) , 42 R B TR
S fs i T ) OB R 4R R (3.0 mm x
3.0 mm) ,45 ~55 CHET B EEIK > 5 1 H 10%
e, REAARHBURL T8 20 J5 I OUZ SR 4% 25
FREE, HAR W 5 v, BT R E T -20 C
UKHDRAT 55 o
1.2 LWHFEAERRE

Gt — RS 14 [ 1L U f B R 22 B 4)) £ 00 T 75 &
M IR A o A IE S 2 A, BT A 55 5 £ 55

R OF O# RV AH I7 — JH 1 B A7 58 AR 42, +4
il 4 BliERHE 5 24 50 5 B AR — S O 1 ] 4
BHE B A% . TEDLIR 24 h J5, W) U6 1K BT &
(5.89 +0.02) g 1y k2= 6 &)y th g FEAHL/> 3] 12 4
(300 L,35 RB/Af) o A GaRHBEHL >4 3 17
B R ME 2 YR (08:00 A1 18:00) , 1 £ B WL, 3741
SR 92 do RS BEAE RS DU 7 I 4R 2,
Ba AN 2 B AR 0 26 A S7 BT IR A R
IR R, AL AL R BRI R E . KR
e R BN IR I B 4, 2 th AR W 85 1k )
i P i f 28 RN B R T B A K IR
2 L/min, fELEH—DA MEHKREBREE
e i B4 50% A A BUK (75050 J5 11, B4 70%
HRBUK) o RGN A FFEE LA (LR FF
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FEATFE R KR 17.5 ~19 T 3h 8 28.0 ~31.0; 4
A€ 7 mg/L 447 ;NH, -N,NO; -N #il NO, -N ¥
KT 100.0 pg/L, 7ESLEHS 6 M 5 h 55k
H PN 780 A 36 A 5 mL B0 45,2 000 x g B
10 minJ5 &7 T -20 CHela B TR0

TESEIRTEIh Z |, 90 h B AL R ) 15 R i 4
R . FRIH IR S, BT A ER AR AL B
24 h, ARSI 6 BAFRE, BT, FrE, Iy
TEULA o AFIEAULA A 5 mL B0, TR EUE
B IS ORAEAE — 20 °C T Ji5 0 A 10 2 4 B L 7K 43 DA
BN 7 & R o BEAh, A 5 R fa i ARE &
48, -20 COAFH TG W50 b 4t AR 1o 5 Bt o
1.3 {LZa0H

W B 5 ) et JERE | ) RL N S 5 £ 3
W8 7K 43 HLER B LG D7 AOHL IR 73 3% 5. AR AR AE
105 CHET 316 F )5 KRG TY & &, R )5 17
A AL 53 53 B o KA BRI SR TR IR E R
FELA 05 7 0 2R FH 2% D 4l 2 325 5 R 43 19 DU 7 R
RSk, BMAER I EE W E 2 K, & H X
i 25 KF 2% , W38 2 52 Y B, R FH AR X 22
2% VAT B 9 A 100 2 AL 1 1 21 50CA W A 45

HFRE A= WL )RS B A & o A 2% M Floch
SEN I AR B . FRELO. 1 g RS T 10 mL3k
BEDE T IO TR W, AR R S
HIMA C-MIEA W (A WEE =2 1,16 WAF
T FE B )4 mL, $25) J5 55 15 TR
24 WPl b DR BR A . 75 C R EE 94—t
PRI RO BRI RIR 22 A3 0. 001 g,
U4 5 XN A W, o C-MOE SN &
6 mL, .0 (3 000 x g,10 min) , ¥ FIH WL A B
O ATERRIE TP IMA 2 mL C-M B4 W, &
2 hJ5 B0 (3 000 x g,10 min) ; b AL A B
ODE A, 1.2 mL 1.6% [y CaCl, F &, ¥
Sla s b P ES . ARCSREE /MO L L
BEW K FERAARZEW T, BLiEATS T
TR, B R IR R 25 N3 L0, 001 g,
WWHF B W, AR E R, RN E &
(%) =(W, -W,)/W, x100,

A AL o A JE 7 B2 4 0 2E 2 B Metcalfe
ST IR AEE T, PRI 100 mg ¥4 % T
P ELBE R 0 FE S R BE LT 1T T R
10 mL¥% 3 4 o, i A 3 mL KOH-H! i % & (1
mol/L) , Z J5 78 TI/K % 25 min; ¥4 11 2 =3l J5 i

A3 mL [ HCI-H 7 9% (2 mol/L) ,78 T KB
25 ming R B RGO 1 mL IE C ke (65
9 R E b T & IR CE o R E R 2 09 s D5 R
HER A 22 BB E C ket (kA B T3 )2) 6
NG W B 2R O e A T T R PR TR 1Y TR & 4 200
pL, B0 (3 500 x g,2 min) , ] 10 wL f &
FERRIC 1.0 WL 7 A S 63351 6890 (218
A IS BT RAE, R ED) , Ay A R B AE
FE(007-CW , B 20 =], W% BT R 96, £ 1) L >R A
OGBS RN A% o AR SE LA 15 C/min 1t 3 B
H1150 T % 200 €, ZJ5 LA 2 C/min [ 34 i
Z1gTFE 250 C,

1.4 FZTHWRIENE

e A S RN ) bV VR T M, BB UK . BRI
100 mg F&fi (iR T T ebeifi b, A 10 mL
AR, B BB, 2B R AR 5 0 IR R
Ao BB BB A e 7% 3] 100 mL 75 50, TR
ZKEA . 0.22 wm JE L I8 5 B AT A B A a8
BB TR T K SO6E AL (ICP-OES, B L 224
A BEIE& B 2R AE , S ) I R S2 ) 5
L5 HERFEMFEITSM

f£1% % (survival rate, SR, % ) =N, x 100/N,

55 A K % (special growth rate, SGR,% d) =
100 x (LnW, —LnW,)/t

T} 34 % (feed efficiency ,FE) = (W, - W,)/
TR FE

B & (feed intake ,FI, % /d) =100 x T 1a f}
MR/ (W, + W) /2] /1

FEWLFE A A % (apparent net protein
utilization, ANPU) = (R (K 1 - ¥ 4f L {K
HE)/FEHE R EE x 100

JF4A b ( hepatosomatic index , HSI, % ) =100 x
(HE/W,)

g B £ W W fb % [ apparent digestibility
coefficient ( ADC) of lipid,% | = [1 - (fa ¥} &
Y, 0, & B /ERHIG I & 5 ) x (FEM R & /2%
firp Y,0,%& &) ] x 100
Xrp,w, MW, (ARRKEMY)E; N, AN, AR
P B 2 B ) B h s e AR IR A I

SEH B SR O SPSS 16. 0 B kAT Ge it )
Br  AE 5K 3R U7 22 73 i (One-Way ANOVA) ik |
BF KR (P <0.05) , 5k H] Turkey’ s £ %5 #E 47
Z W BR8N F- BME + bR R (means =

http : // www. scxuebao. cn



8 3] &

) S < SV RRORT a0 R R i o A 2 O ) A A I I R AL B A s T AR ) 2 TR 1135

SE) MR (P<0.05)(3). KEEOF4N AT E(W,) A
) o i A A (SGR ) 4 Bl 51 K0 S B 1 K F 7
A

2.1 ARERFMAFENKREFHEBEFEF. EK
TR AR R B R0

K& B 4 4715 A (SR) & 3k 95% VA |, IF
AR 52 BV R JFRFE I 7K 1 J2. 35 52 (P > 0..05)
(#£3) o RZEBFR R R (FL) BEIRRAT K- T =

HA ST 5 TR e (H & 4b 2120 21 R) 25 5
ANEFE(P>0.05) (£ 3) . B R FRAT 7K F
Tk, K22 6F &)yt fa) 8503 (FE) FR WL 38 H1 5T
FIF = (ANPU) Bz 2 3 T B, 100 % S JBR AT 31 41
FE Fll ANPU ¥ g L T2 il (P <0.05) (£
3) o JFUR L (HST) 32K 32 1 Bk 0 B FF il 5 XK

WHETHE, 100% WRRFF AL R 3 T emmd  mREFEZW(P>0.05)(K£3).
£3 ANTRFHERGETAEFYE LK FENBEEMNZ M0

Tab.3 Effects of dietary graded linseed oil level on growth performance and selected

body parameters of juvenile S. maximus for 92 d n=3
A RS H: K8 F5 growth performance —
ERAUKF/ % Kl/e  MREEKR RRECE B/ RWPERARMA % (ERA T omatic
linseed oil final (% /d) feed (% /d) apparent net survival index
replacement level weight specific growth rate efficiency feed intake protein utilization rate
0.0 48.57 +0.06 2.32£0.01 1.25+0.06* 1.51 £0.07° 34.72 £1.45* 100.00 £0.00 1.01 £0.08
33.3 49.51 +2.60 2.34 +£0.06 1.25+0.04* 1.52£0.05° 33.84 £0.22° 100.00 +0.00 1.10 +0.07
66.7 45.94 +3.55 2.25+0.08 1.30 £0.04* 1.45 £0.04° 34.88 £0.97° 99.05+1.65 1.04+0.14
100.0 43.48 +2.84 2.20 +£0.07 1.11 £0.04% 1.69 £0.04" 29.76 £1.44° 99.05+1.65 1.16+0.10
SE 3.28 0.08 0.09 0.10 2.49 1.11 0.10
One-Way ANOVA
F 2.826 2.979 10. 663 11.728 11.714 0.667 1.240
P 0.116 0.106 0.004 0.003 0.004 0.596 0.357

TR P RUE N 3 AEE AV, Rm N PR « SRR, BT A M E EARF BB Z | 2 55 A 2 3% (P >0.05)
Notes: Data represent means + SE(n =3). Values with the same letters within the same row are not significantly different at P >0.05
2.2 (EBIERRATIH K X RSB 4h & KR 57 AT
REFALABERT & & ARBEM R WIE L E T
T A S RO 3k KT I R 2 5 i R A R 2y
LA IR G 75 5 (P >0.05) (£ 4) o BRI RR
kK P T, R 22 6F I AR D7 & o R TR
YR FE IR AR 100% jy Bt L IE AR 17 A
x4 ABRTERFHEREMNIXEHEHEEHS FEMINAEHSEARBERRUBELENZN

Tab.4 Effects of dietary graded linseed oil level on body composition of the whole body lipid level of muscle and liver

BERTR2MMA (P <0.05), H 5 H AWK
HERHHREFRARE(P>0.05)(£4), K
2 0 &)yt 4] R IR 7 2% 0 AL R AE 90. 31% ~
96. 87 % , {ELARAE M JFRAT 1 7K ¥ I R S35 5 R 22
¥ A 5 Wi H AL A (P >0.05) (£ 4) .

and dietary lipid apparent digestibility coefficient of juvenile S. maximus for 92 d n=3,%
S R 5 1K T {K41 %, body composition of the whole body FElG R WURS BRI R L
linseed oil KAy HEBH LG 5 KAy liver lipid muscle lipid  dietary lipid apparent
replacement level moisture crude protein crude lipid ash content content digestibility coefficient
0.0 76.20+0.10 16.30+0.18 3.29+0.11 4.23+0.16 6.22 £0.45" 1.10 £0.01 90.31 £0.61
33.3 75.81+0.78 16.54 +0.86 3.69+0.44 4.04+0.25 7.74+0.29" 0.97 +0.07 94.89 +3.84
66.7 76.24 +0.17 16.70 £0.37 3.10+0.26 4.11+0.14 10.75+0.67*® 1.20+0.07 96.87 £3.47
100.0 76.50 £1.05 15.87 +0.77 3.38+0.68 4.11+0.26 12.26 +1.08° 1.00 £0.07 93.08 +1.81
SE 0.62 0.62 0.45 0.25 0.78 0.04 3.45
One-Way ANOVA
F 0.545 1.049 0.870 0.244 16.003 2.384 2.954
P 0.665 0.422 0.500 0.863 0.001 0.106 0.104

T R R 3 A EE W IE, TR I fE + AR AEDR B — 17 bR A R bR 5 B A $OEL = ) 2% 53 AN (3% (P >0..05)

Notes: Data represent means + SE(n =3). Values with the same letters within the same row are not significantly different at P >0.05
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2.3 AMITARFBAKEXNKNESFLHERFEMA 0. 05); JF Bk A0 LA 1 F0j5 5 B (C14: 0 FI
) B B B2 48 AR HY 2 M C20:0) A AN R (C16: 1) (FE 2L IU I TR

W AT BT il 7K - T e, DR 28 B & #a T ik (C20:4n-6) Al n3 LC-PUFA (EPA Fil DHA) & 4t
UL PA IV 3 79 0 T JBR PR % e Bl 2 S % T (P < Wiz & FRE(P<0.05)(£5).

RS AR RRAF i B K & S B 7k T X K 5 6T 4 & BT BEF0 AN PY RS B R 4H B Y I
Tab.5 Effects of dietary graded fish oil substitution by linseed oil on fatty acid composition( % total fatty acids) in

the liver and muscle of juvenile S. maximus for 92 d n=3,%
ik 17 R 2L 0/ (% G TR ) A PR AR
fatty acids composition/ linseed oil replacement level
(% total fatty acids) 0.0 33.3 66.7 100.0

BFRE liver

14:0 5.05 +0.70° 3.61 £0.25" 2.64 +0.14° 1.44 £0.08°¢
16:0 16.63 0.97° 14.34 £1.03° 11.72 £0.77° 9.36 +0.05°
18:0 4.86 +0.36" 4.35 +0.46" 4.01 £0.29% 3.01 £0.20°
20:0 2.68 £0.01° 3.44 £0.11° 4.14 +0.10" 5.51 £0.07°
Y SFA' 26.78 +0.22° 23.30 =1.17° 18.50 =0.79° 16.31 £0.20°
16:1 7.82 +0.60" 5.94 +0.34° 4.51 £0.34°¢ 3.04 £0.19¢
18:1 24.18 +2.03¢ 29.02 £0.74° 37.00 0. 84° 43.36 0. 64°
22:1 1.54 +0.08¢ 2.55+0.07° 3.71 £0.08"° 5.33+0.14°
Y MUFA? 33.53 +2.55¢9 37.51 +0.51°¢ 45.22 £0.80° 51.73 +0.49*
18:2n-6 16.37 £0.10° 18.49 +1.06™ 20.95 £0.74° 20.43 +0.43"
20: 4n-6 1.01 £0.14* 0.69 +0.02° 0.33 +0.04° 0.11 +0.01¢
Y n-6 PUFA® 17.38 0. 04° 19.18 0. 42% 21.28 £0.73° 20.54 +0.43"
18:3n-3 2.37 £0.62° 2.82 +0.05% 3.50 +0.28" 3.78 +0.28"
18:4n-3 0.81 £0.01 0.42 £0.31 0.45 £0.09 0.05 £0.01
20:5n-3 3.64 +0.23° 3.14 £0.48° 1.86 +0.20° 0.79 £0.01°
22:6n-3 7.04 £0.62° 6.14 £0.55° 3.33+0.28" 1.71 £0.08¢
Y n-3 PUFA* 13.86 +1.49* 12.53 +0.86" 9.14 £0.75" 6.32 +£0.23"°
Y SFA/ Y PUFA 0.41 £0.01° 0.34 +0.02° 0.24 +0.01° 0.21 £0.01°
n-3/n-6 0.88 +0.08" 0.65 +0.06" 0.43 +0.02° 0.31+0.01°
AL A muscle

14:0 1.84 +0.05° 1.76 +0.34% 1.06 £0.03% 0.73 +0.09°
16: 0 20.70 +0.97 21.34 +3.25 18.76 +2.27 15.24 £2.55
18:0 4.86 £0.012° 4.35 +0.46" 4.01 £0.29% 3.01 £0.20°
20:0 2.59+0.01° 3.29 +0.60° 4.02+0.61% 5.23 +0.39*
Y SFA 29.98 +1.05 30.74 £2.99 27.87 £2.19 24.21 £2.43
16: 1 3.70 £0.36" 3.74 £0.35° 2.35+0.04° 1.98 +0.39°
18:1 22.01 £0.60° 26.61 £1.17° 30.08 £1.30° 36.36 £0.32°
S MUFA 25.71 £0.96° 30.35+1.51° 32.43 £1.33° 38.34 +0.07°
18:2n-6 11.55 +0.23¢ 14.95 +0.32° 18.26 +0.42° 21.27 £0.21°
20:4n-6 1.41 £0.01° 1.00 £0.21% 0.82+0.11% 0.45 +0.02°
Y n-6 PUFA 12.96 +0.22¢ 15.95 +0.42° 19.07 £0.31° 21.72 £0.24°
18:3n-3 0.99 +0.16¢ 1.52 £0.04° 1.76 £0.05° 2.75 +0.07"
20:5n-3 5.22 +0.08" 4.55 +0.43b" 3.75+0.26° 2.24 +0.01°
22:6n-3 18.13 +0.80° 12.87 +1.98% 10.36 +1.07" 5.33 +£0.16°
Y n-3 PUFA 24.35+0.57° 18.93 +2.33% 15.87 +1.29" 10.33 £0.25°¢
Y SFA/ Y PUFA 0.80 +0.04 0.88+0.11 0.80 +0.07 0.76 +0.08
n-3/n-6 1.88 +0.08" 1.19 £0.13° 0.83 £0.07¢ 0.48 +£0.02¢

E S R NRIER , tn C22:0,C24:0,C14:1,C20: 1n-9,C22: 1n-11,C20:2n-6 ,C20:3n-6 ,C22:5n-3 RI|AFKH, EPHE N3 AN EE
B39 08 , RR T2 = AR iR, AT A AR AR 7 B R Z 18] 25 5 A 35 (P >0.05) . 1. SFA M FIIR U5 A% ;2. MUFA, LA
FBEWITR ;3. n-6 PUFA ,n-6 R 5| Z AN FIR TR ;4. n-3 PUFA, n-3 R 51 Z M F AR 15 R

Notes: Some fatty acids, of which the contents are minor,trace amount or not detected, such as C22:0,C24:0,C14:1,C20: 1n-9,C22: 1n-11,
C20:2n-6,C20:3n-6,C22: 5n-3 ,were not listed in the table. Data represent means + SE(n =3). Values with the same letters within the same row
are not significantly different at P > 0. 05. 1. SFA, saturated fatty acids;2. MUFA, mono-unsaturated fatty acids;3. n-6 PUFA, n-6 poly-
unsaturated fatty acids;4.n-3 PUFA,n-3 poly-unsaturated fatty acid
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AHIFGE R I AEFRFE JE A 92 d i), SIE R
FER 53 111 (66. 7% ) I b 35 52 e K32 6% A= < ]
BEF] L, 3% 5 X5 R 8% KRR W8 fiL ( Oncorhynchus
tshawytscha) "' AT % ( Oncorhynchus mykiss) ™' K7
PERE (Salmo salar ) F1 42 Wy & F 6 ( Diplodus
puntazzo) " I WF 5T 45 B — B 2 W R AT B AR
100% e, R E2BFRR G A AT oK ) B W 3% [
WG (P =0.106) , B £ A fapRL R FR B 5T 204
FIAREE TR REREE BIh, R &b
ALIRDRLNG 7 RO AL A 25 w8 35 90% LA L, HL4 1] 22
SR PG, R SR ARDRER TR BT RE 2
R 1 S ST JBRFF T 5 M RS2 B 6] At 5 53 3R 1) WSO
JHo Rogest " 5 & BUIL AT £ 18 100% a1 i
TR 35 52 e 22 B A R ARDRER AT, BR A 1) R
HIEE/ i EE (55% /16% ) Fil 0 R FLRS (9] 46 14 ot 1t
579 &) ¥ AT (/Mg L 50% /12% , fa 1A
LRI 5.89 g) o MO, ZEX S0 o, Ry iR
Iy 50% e 2 52 56 B Al o 7y o n3 LC-PUFA
THKZAN 0.6% . Léger % A th K35 6F 0
IR IR SR AT REAR T 0. 6% ; Gatesoupe 48 4R i
REEOPALTT NE MR 5 5K AT BETE 0. 8% o A SLHG rh 42
a2 33, 3% SV JFR AT 2H L 66. 7% V. JFR AT 1 41 A
100% W FRFFIZH 478} n3 LC-PUFA 135 18 K 2973 5]
H1.70% 1.25% .0.80% #1 0.35% , A 1t,,100% .
JPROFF 2 f RS BE 1l 2 £ K n3 LC-PUFA 755K , i
IR fik 3 R 22 B AR A T

DA SRR ARl DOPNE A TR RN N TSI N
T R o TRRE Y 4 SR AE 2 A A T P A
B TUESE T o AT & B, 100% S5 RRRF S AE
J W o S T A o A B UL IR A G i OE
R AR JRRORT i R ) R RS, 45 2R S Bell
ST AR R SEOE BT 5T 45 R — B, AR BF 98 45 R i R
Tl Ak g 5 S RRORF b A T R 22 6 T U AR D5 0

N Ne Wi 2 0 T BT E AT 68 5 48 8 b n3 LC-
PUFA )4 2 % V) A K, n3 LC-PUFA —Jj [fii fig
O o 4T Tt A 1 58 ) 0 2 AR o (peroxisome
proliferators-activated receptor o, PPARa ) , 3 i {i&
PERG I oA 5 55— T T A A [ P 4 0 45
4 H-1c ( sterol regulatory
protein 1, SREBP-1c¢) i) 3 ik, 3 1 #0 1 A5 7 &
B, ARBESE R, 100% 5B FF I 46 4R n3 LC-

element-binding

PUFA (/)& K8 0.35% , 1fii K 3% 6F LC-PUFA
HHEEEN0.6%~0.8% """ HIt,100% I
¥ i 20 R 32 6F I IE IR n3 LC-PUFA 5 i 1] g 1%
B AR B W 2 22 DU AR, (5 HC 5 i LB A A R T IR
ABF5E. {H Rogest % BF 53 % B B KT it 5 1%
100 % 1y 21 K 22 6 )1 IR A 1D 7 42 (8. 26 % 1 4 5
i) m T (7.31% B E) HA R 2R A R
o XA RE 5 H B A R n3 LC-PUFA 3t 7 i
SRR KA K

W& AR S JBR AT il 7K 7 T K 22 6 &) fa T ik
TR UL PRSI 7ol 22 R R TR % i B =2 3 T v L (L AE
= DU TR 1 n3 LC-PUFA ( EPA fl DHA) % &
ZBETH(P<0.05), KL Bell 7" Al
Regost 25 fE KZE6E FpgpFse—3. Xl fES Kk
2P A ok A B AR % LV RRER ) EPA il DHA fE
T K. RERZEGE A6 Fad JE J) 8w, HH
A5 Fad Fl 4 < fiff ( A C18 % C20) i Jj #H % ¢
K272 ARSI F R IR IR T 45 K £ 50 K 1 A
HILF A n3 LC-PUFA

4 4

SRR KT i 5 AL 66. 7% a3l (R BF n3 LC-
PUFA &8 0.8% ) B A i 35 52 W K 3% 6 4 a1
KR, H 2 2% 52 m IR n3 LC-PUFA &
i, WO IR A T AR B SRR R A R 2 BT 1
A K S AR T 66. 7% , H Kk 32 6 47 B n3 LC-
PUFA 4R K F 0.8% .
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Growth performance,fatty acids composition and lipid deposition in
juvenile turbot( Scophthalmus maximus ) fed diets with
various fish oil substitution levels by linseed oil

PENG Mo', Al Qinghui'*, XU Wei'?, MAI Kangsen',
ZHANG Yanjiao' , ZHOU Huihui', TAN Peng', DU Jianlong'

(1. Key Laboratory of Aquaculture Nutrition and Feed( Ministry of Agriculture) and Key Laboratory of
Mariculture ,Ministry of Education ,Ocean University of China,Qingdao 266003 ,China;
2. College of Food Science and Technology ,Ocean University of China,Qingdao 266003, China)

Abstract; A 92-d feeding experiment was conducted to investigate the effects of dietary graded level of
linseed 0il( LO) on growth performance, fatty acids composition and lipid deposition of liver and muscle in
juvenile turbot( Scophthalmus maximus) [ mean initial body weight, (5.89 +0.02) g]. Four isonitrogenous
and isoenergetic practical diets were formulated with LO replacing 0% ,33.3% ,66. 7% and 100% fish oil
(FO) ,respectively. Each diet was randomly fed to triplicate groups in indoor seawater recirculation system
to apparent satiation. The results showed that survival rate ( SR) and specific growth rate ( SGR) of juvenile
turbot were independent of dietary LO level( P >0.05). With increasing dietary LO level, feed intake ( FI) of
turbot significantly increased, while feed efficiency ( FE ) and apparent net protein utilization ( ANPU )
significantly decreased( P <0.05) ,and they were up to the maximum and minimum in 100% LO group,
respectively. Apparent digestibility coefficient of dietary lipid, hepatosomatic index and lipid content of
muscle were also independent of dietary LO level (P >0.05). Lipid content of liver in turbot significantly
increased with increasing dietary LO levels( P <0.05) , which in 100% LO group was significantly higher
than that in 100% FO group( P <0.05) . Fatty acid composition of total lipid in liver and muscle was closely
correlated with those in diets. With increasing dietary LO levels, the content of linoleic acid and linolenic
acid significantly increased, while the content of EPA and DHA significantly decreased (P <0.05). These
results suggested that on basis of nutritional quality,the LO replacement level in turbot diet should be lower
than 66.7% ,and the content of n3 very long chain-polyunsaturated fatty acid in the turbot diet should be
higher than 0.8% .

Key words: Scophthalmus maximus; linseed oil; fish oil; fatty acids composition; lipid deposition
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