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00 40 S 0 Sparus aurata) LA 2T 6, 0 2 65 o

LB 1 6 T Bell 50 omige ey, | AT

ST 100 % R AR A 3l X K P4 ¥ f: ( Salmo salar) 1.1 SEERNET

WL 360 55 L P AR U, Ny
S B 8 Larimichthys crocea) R RAA H) W, £ 1 J -5 55 1 07 060 AL 6L 2B £ O A ik

WK FH A 2011 4F PR A 8.6 7 (. ke 45% HLISI Ak o 12% SRR, f 3R b

St PALHE 4 20, URBE S B A PRI RIS T RV LR - PR SERF T 4 SR A 0% L25% .50% |

B TR A TGN . LR A TR H R 75% 100% (6t BB 5 F 58 S 56 06 10 50

R L T B TS R R, fe S K, 40 9l 65 4 % RPO. RP25. RPSO. RPTS

B P BE 5 0 B 5T 290 R (DR RPL0O, GIRHEL 7 I % 1, DR 0 1 5 e AL i L 22

L 2T 6 B ST O B, T T R 2. SRR 60 O, eI SC AR H L T

S I B AR AT S D R R RS £ TR AT B IR A 5T , K 4

KW R T 0 85, B0 B SO R O IR, 25 SR L A O 4 mm x5 mm {0

b A RLK 0 R 6 A B K LIS IR REDRE, 4 40 C VR o T kAT 10% , %

LA G B T, L K B A A TR BHRAE AT

B TF 52 418 3

x1 ARBEAMEFRS SR (TE)

Tab.1 Ingredient and proximate composition of the experimental diets( % ,dry weight)

JE Bl ingredient RPO RP25 RP50 RP75 RP100
11 fish meal 43.00 43.00 43.00 43.00 43.00
M1 soybean meal 21.00 21.00 21.00 21.00 21.00
JNZE ) wheat meal 20.91 20.91 20.91 20.91 20.91
fi# £} yeast 2.00 2.00 2.00 2.00 2.00
ff 3 fish oil 7.10 5.33 3.55 1.78 0.00
Sk rapeseed oil 0.00 1.78 3.55 5.33 7.10
U g lecithin 1.50 1.50 1.50 1.50 1.50
£ %" mineral premix1 2.00 2.00 2.00 2.00 2.00
£ vitamin premix® 2.00 2.00 2.00 2.00 2.00
FE A attractant® 0.30 0.30 0.30 0.30 0.30
[ %5 7] mold inhibitor 0.10 0.10 0.10 0.10 0.10
A FE ML ethoxyquin 0.10 0.10 0.10 0.10 0.10
EFEB 4 9 H proximate analysis(n =3)
F1#E 15 crude protein 46.02 45.98 45.62 45.37 45.58
FLIE R crude lipid 12.55 13.12 12.04 12.23 12.05
K4y ash 12.71 13.03 13.01 13.09 12. 64
JK 4y moisture 6.26 6.67 6.31 6.17 6.17

TE: 1 JEHLER R ) (mg or g/kg diet) : JRALHA,2 me; BULHT, 18 mg; S LA (1% ) ,50 mg; BRARH , 10 mg; Hilk k80 mg; iR FF,50 mg;
AR A 60 mg; B EREE , 1 200 mg; BERR %45 ,10 g; 5 k4,100 me; i £ 85 ,8.45 g, 2. b ERIR A (mg or g/kg diet) : kA4 %K B, ,25
mg; R 45 me; 4R B (FRARILIE AR ) ,20 mg; 4EAE K By, ,0. 1 me; 4EAE & K, , 10 mg; [JLAE, 800 mg; 4EAE & By (1Z/R) ,60 mg; 4
fi%,200 mg; R ,20 mg; A3 ,1.20 mg; AR A,32 mg; 4i4EEK D, 5 me; 44K E, 120 mg; 44 %R C,2 000 mg; Z, 58 FE Mk, 150
mg; OB, 16.51 g0 3. iF R H AR FEeE =1:1,

Notes ;1. Mineral premix (mg or g/kg diet) :NaF,2 mg;KI,18mg;CoCl, - 6H,0(1% ) ,50 mg;CuSO, - 5H,0,10 mg;FeSO, - H,0,80 mg;
ZnSO, - H,0,50 mg;MnSO, - H,0,60 mg;MgSO, - 7H,0,1 200 mg;Ca(H,PO, ), - H,0,10 g;NaCl,100 mg;Zoelite,8.45 g.2. Vitamin
premix (mg or g/kg diet) : thiamin,25 mg;riboflavin 45 mg;pyridoxine HC1,20 mg;vitamin B,, ,0. 1 mg;vitamin K, ,10 mg;inositol,800 mg;
pantothenic acid,60 mg;niacin acid,200 mg;folic acid,20 mg,biotin,1.20 mg;retinol acetate,32 mg;cholecalciferol,5 mg;alpha-tocopherol,

120 mg;ascorbic acid,2 000 mg;ethoxyquin, 150 mg;wheat middling,16.51 g. 3. Attractant: glycine: betaine =1: 1.
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Tab.2 Fatty acid composition of the experimental diets

RPO RP25 RP50 RP75  RP100

C14:0 3.84 3.23 2.41 1.65 0.89
C16:0 17.91 15.77  13.79 11.73 9.95
C18:0 4.00 4.02 5.08 6.32 6.74
C20:0 1.34 1.12 0.79 0.47 0.19
> SFA 27.08 24.14 22.07 20.17 17.77
Cl6:1 5.37 4.57 3.65 2.92 1.93
C18:1 18.16  21.42 23.92 26.09 28.80
> MUFA 23.53  25.99 27.57 29.01 30.73
C18:2n-6 12.16  13.64 15.24 16.71 18.15
C20:4n-6 3.95 4.44 5.01 5.93 6.44
> n-6PUFA 16.11 18.08 20.25 22.64 24.59
C18:3n-3 1.94 2.68 3.33 4.02 4.63
C20:5n-3 6.99 6.05 4.84 3.81 2.64
C22:6n-3 10.03 8.58 6.90 5.36 3.81
> n-3PUFA 18.95 17.31 15.06 13.19 11.08
n-3HUFA 17.01 14.63 11.73 9.17 6.45
DHA/EPA 1.44 1.42 1.43 1.41 1.44
n-3/n-6 PUFA 1.18 0.96 0.74 0.58 0.45

TE - 32 TP I U R 2 8 L b I U7 AR G o SR U R R B T 23 L
ERo
Notes : Fatty acid content in the table expressed as percentage of total

fatty acid methyl esters.

1.2 ZWwakFESYL

FRIE R ALWTIL A I B PGyl i T . S0
FHOR B 00 8 T 24 M 57 58 7 97 58 /Y [8] — St i, 72
T 22 50 FORE e T UK A (3 m x 6 m
x3 m) 55 14 d, K DUEE il 4]k 45 MR
et 22 328 1 3 I, S5 6 AR A 5 R PR A
1.3 Lz

A S, bk RA% — 0 A% et i KB
#(13.56 £0.05) g BEAL4T 41, CE T 15 gk
WA (1 mx1 mx1.5m)H, JHFEEE R 45 B/
R o BEFPERLBE AL MR 3 DS B4R, B R T
5:001 1700 ff £ $ MEPI ¥k, 5 5 M gk 47 8 J .
FRFH AR IRAE 21 ~30 C,$Rh 2y 25 ~ 32, ¥ i
AKRTF 7T mg/L,
1.4 HRXEMIH

SLE AT R S AT YU AL ] 24 h 4K
JG BEATAR B BRI EURE  BE L OR A T - 20 Tk
T A SR R v N N S = R -
AOAC" 7 i HEAT , BE b SE 1 105 CHE+ = fH
H)F KRG TS & RE T A i . SR
I PG R0 0 At v A R R D

FeLd 6.25 13 HL A H BT i DL O mE AR ], R
FHZR P4 32 00 7 KRG s % & ¥ AR fE i b |
WAL IS 76 S 3 £y 58 (550 °C) 8 h, i A
WGy & o WL FRDRL Hh i 105 R 0 2H B0 i 2 7%
Metcalfe %> (1) J5 1 Jil HPS890 S AH €4 ji% 13 Wl
FE o TR g D e LA ORR D R Y R o AR D
MR R A o LU RIVARDRE Rz IR R 3 B TR

K R R 1 E PR kOt B & 52
CIE™ MM L™ a” \b" s il &R, b L™ %
IRGEEAE, - b R OME, + b7 R W OMH,
—a" FRoRGOME, +a” FRRLAOH, ] CR-
400 B A A2 (M e R - £HeE, HA) T
8 JH I 19:30 % 22.:00 A7 &, 422 31
T VR HE AT A, B ROAR I E S R BT R A
I B JER F A €5 L, T AR N DX I Oy T SR T2 T
J7 B 28 E Ty 2 8] ) DX 38, I 58 ok K AR 1)
i B 1) i 2 1) ) DX Ao A R TR S i AR A ik
TR e sl G S KT O X DR A R 1 R )
L5 #HHEAR

1775 % (survival rate, SR, % ) =100 x Z& K &
B/ w1 hh R AL

5 8 42 K & (specific growth rate, SGR, % /d)
=100 x (Ln ZORKT & - Ln 9] 0GR BT & ) /52 55
PN

17} & %4 (feed conversion ratio, FCR) = 1]}
THAE & (g) /R BT i (g)
1.6 HitHFE

SEER R R HE- M + FRifE iR EROR , & SPSS
15. 0 B A0 B0 HE JE AT B0 22 5 22 73 #r ( One-Way
ANOVA) , 2 22 53 [ 3% I £ 47 Tukey’ s Z H It
B, IR0 0,05, 0L A AR D R A ARDR R
JIg 15 12 ¢ 2 5% FH SPSS #E4T 28 2 81 15 43 #7 .

2 45

2.1 fAMPRFHERENNAETEEFENE
K HY R M

MFE 3 AT LA i G A SRORF Il 2 A i X
KRB HYAETG A (SR) BB FHMEF (P >0.05),
A AC A K F A 0% 3 E) 100% i, K
B AR A7 R 88.89% ~96.03% o 4% Ak B2 [i]
Rt hf /L KA (SCGR) L FHMEF (P>
0.05),SGR Ky 1.76 ~ 1.95% /d, H vp 1o 3 41
(RPO) SGR it T HE &AL B4, Bl & B LK
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PR TE AR R B (FCR) &2 A W BT %
RP100 78 R0 & & T RPO(P <0.05) ,
2.2 ARRRFBREREMIAEE KA
A1)

M4 AT LR L BRDRE R SRR AN [R) ZKF- AR

REERTHDO N R S S I =011 I L s
EBTEEEZ M (P >0.05), KiKf4hKsy
LN T3.55% ~ 75. T4% , BL7E 1R A&
15.14% ~16. 11% BRG] &4 9 5.83% ~ 7. 42%
R4 & Eh1E 3.38% ~3.80% .

3 ARPEFHEREBMAKEEEEE(SR) HFEEKE(SGR) MEAN R (FCR) KF I

Tab.3 Effects of replacement of dietary fish oil by rapeseed oil on survival rate( SR) ,

specific growth rate( SGR) and feed conversion ratio( FCR) of large yellow croaker

fil e )0 A 5 e/ g KRR/ g 1716/ % R EK#E/ (% /d) (EEEE 3
diets initial weight final weight survival rate specific growth rate feed conversion ratio
RPO 13.78 £0.09 40.37 £1.45 92.86 £2.75 1.95 +0.07 1.54 £0.04°
RP25 13.60 £0.13 38.29 +1.71 94.05 £3.57 1.84 +0.11 1.64 +0.12%
RP50 13.53 £0.06 36.28 +1.03 88.89 +2.10 1.76 +£0.06 1.82+0.03%
RP75 13.60 £0.08 37.95+0.58 96.03 £0.79 1.83 £0.03 1.60 +0.00®
RP100 13.53 £0.05 38.13 +£1.30 90.48 £2.75 1.85 +0.06 1.93 +£0.14°

TE 2 I S B AR D P RO = AN F S AR DR, [ — S R ] AR R RN 22 R 3 (P <0.05)

Notes: Values are means and standard errors of three replicates. Means in each column with different superscripts show significant differences

(P<0.05).

x4 ABPRFHEBEREBNAEESEARNIT

Tab.4 Effects of replacement of dietary fish oil by rapeseed oil on body composition of large yellow croaker

kR ML H 5/ % KL i/ % WK 5y/ % K5y %
diets crude protein crude lipid ash moisture
RPO 15.54 £0.55 7.10 £0.92 3.38+0.15 74.17 £1.26
RP25 15.73 £0.44 7.42 £1.01 3.66 +0.16 74.02 £1.50
RP50 15.14 £0.47 6.07 +0.35 3.48 +0.06 75.74 £0.81
RP75 16.11 £0.61 7.32+0.55 3.80+0.19 73.55 £1.21
RP100 15.54 £0.29 5.83 +£0.21 3.44 +£0.12 75.49 £0.46

2.3 AMPRIFHEREWNAELNARBHT
BeErnm

T Ak v i M T 4L R ) TR £ UL R v
R TR &5 5 (4 5) , LA AR D R 5 A Rk v AR XF
N7 B 5 T2 Ay 2 [0 A 43 A7 DL 3R 6.0 X ST T A AR
I 0% B E] 100% B, K v LA H g 157 R
i ) Ak v B M T 1 B T B4, 4 C18:0 . C18: 1,
C18:2n-6 ,C20: 4n-6 Fl C18:3n-3, R R AT 1
F W B & B AKOF 9 T Kt LA Pz Rg D 2
1 1 0 AR = TR TP i R A B e %
J2 22 AR T A Rk o 3% 06 107 TR ) 46 i o 20
C18: 0 4} % H 2. 353, ffif C18: 1, CI8:2n-6,
C20:4n-6F1 C18:3n-3 £} %4> 3| }0.771.0. 740 .
0.737 F10.724 W] 5wkt rb B 17 52 A0 L L PR
DI Z 1y C18: 0, 1fij A~ & C18:1,C18:2n-6,
C20:4n-6 1 C18:3n-3, 4 LA i 15 iR Bl 2 1)
BF bz R s R 1 s 20 T e 2 s, 4nC16:0,C20: 0

C16:1 .C20:5n-3 1 C22: 6n-3, E&E KT 1 FH
NG 0 1 o 75 B W AR R L R RN T 1 R
NG WIRE A TAE T Cl6:1 R Yy 1.045
£ Cl6: 1 B % 5 ¥ M A5 Cl16: 0, C20: 0,
C20:5n-3F1 C22: 6n-3 £IE 451K 0. 476 0. 643 .
0.723 1 0. 650, i BA3x 4 F Jig 7 i o fid 1) T A1
2 O C22:6n3 £ R /NTF C20: 5n-3 FE
C22: 6n-3 /b 1Y 33 KB [, C20: 5n-3 &,

WL PR w460 A0 B D5 2 ( SFA) Bl & 2 A7 1 25 AR
83 K SF- 19 FE T R R X 5 4R R SFA A5
R A, ARNFO(L2. 85 ME6),
MUFA [ifi 5 K30 B A% 1 T &5 i T & 3 & b 2R 2
B TLTEZEHE2ZR(P>0.05),n-6PUFA fl n-
3PUFA [fifi 5 & AR F+ i i 2 & BRIk (P <0.05)
(F25) 0 YR i B A 1 K 7 M 0% 337 i %1
100% Bt , LA & n-3/n-6PUFA M 1. 10 f& 1% 3]
0.51(F£5),
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Tab.5 Effects of replacement of dietary fish oil by rapeseed oil on

fatty acid composition in muscle of large yellow croaker

RPO RP25 RP50 RP75 RP100

Cl14:0 3.50 +0.02° 2.92 +0.05° 2.42 +0.02° 2.04 £0.04¢ 1.55+0.07°
Cl16:0 18.54 +0.55° 18.13 £0.97° 17.14 £0.39™ 16.52 £0.45% 14.55 £0.02°
C18:0 5.87 +0.58* 8.14 +0.62° 9.59 +0.63 12.12 £0.83"™ 13.65 +1.05¢
C20:0 1.05 +0.03" 0.80 +0.03° 0.62 +0.03° 0.43 +0.01¢ 0.28 +0.03°
3 SFA 28.96 £0.92 29.99 +1.50 29.77 £0.29 31.11 £0.89 30.01 £0.98
C16:1 6.97 +0.32° 6.44 £0.25% 5.49 £0.44°% 4.48 +0.05 3.49 £0.11¢
C18:1 19.64 +0.71° 20.32 +1.31° 21.84 +0.75% 24.17 £1.52% 27.89 +1.15°
Y MUFA 26.62 £1.02 26.75 +1.55 27.33 +0.31 28.64 +1.49 31.38 £1.26
C18:2n-6 10.69 +0.26* 11.23 +0.33° 12.70 £0.20° 13.41 £0.11° 15.17 £0.33¢
C20:4n-6 3.94 +0.06" 4.34 +0.05° 4.58 +0.10° 5.37 £0.09°¢ 5.80 +0.06¢
3 n-6PUFA 14.61 £0.22° 15.57 +0.38" 17.28 +0.30° 18.78 £0.15°¢ 20.97 +0.28¢
C18:3n-3 1.83 20.07° 2.25 +0.08° 2.82+0.05° 3.1920.01¢ 3.80 +0.10°
C20:5n-3 5.37 +0.04% 4.35+0.07° 3.59 20.07° 2.75 +0.02¢ 2.20 £0.10°
C22:6n-3 8.80 =0.33" 7.34 £0.53% 6.34 +0.35"% 5.52 0. 14° 4.61 £0.50°
Y n-3PUFA 15.99 £0.31* 13.93 £0.53" 12.69 +0.30" 11.47 £0.17¢ 10.69 +0.40¢
n-3HUFA 14.17 £0.37* 11.69 +0.61* 9.93+0.41"% 8.27 £0.16° 6.90 +0.49¢
n-3/n-6PUFA 1.10 £0.04* 0.90 +0.06% 0.73 £0.03" 0.61 £0.01°¢ 0.51 +0.03¢

6 LRI RS AT BR 5 4R 434 o S B B2 ARG £ 1[5 U3 43 4R
Tab.6 Regression analysis of muscle fatty acid
against dietary fatty acid

J5 T R? P
C14:0 y=0.636x +0.956 0.989 0.003
C16:0 y=0.476x +10.392 0.913 0.003
C18:0 y=2.353x-2.435 0.932 0.304
C20:0 y=0.643x +0. 133 0.981 0.062
3 SFA y=-0.143x +33.156  0.446 0.001
C16:1 y=1.045x +1.519 0.990 0.008
C18:1 y=0.771x +4. 508 0.898 0.300
Y, MUFA y=0.629x +10.923 0.776 0.134
C18:2n-6 y=0.740x + 1. 414 0.969 0.313
C20:4n-6 y=0.737x +1.005 0.991 0.018
3 n-6PUFA y =0.740x +2. 400 0.984 0.123
C18:3n-3 y=0.724x +0.373 0.991 0.076
C20:5n-3 y=0.723x +0. 135 0.984 0.657
C22:6n-3 y=0.650x +2.011 0.984 0.011
3 n-3PUFA y =0.653x +3. 086 0.958 0.004
n-3HUFA y =0.674x +2.240 0.983 0.038
n-3/n-6PUFA  y=0.801x +0. 143 0.998 0.003

TE ox AR AR b iz e 7 R 3 i, y ARFRNLPY Pz i 1 R o &
Notes: x represents dietary fatty acid content,y represents muscle fatty

acid content.

2.4 ARBRFHEREBBNAEERRKER
BRI

ek o SRR i A L 3k X R B A T R
BRI AR (L) AL i (a™ ) R EE (b7 )
R A TIUE I SRR AW RTITDO AN N oA

{ELTC & 5 1k 5 ), L2 B 3 R AR K O 19 T s 7 3
L™ A S RWr b F+ 1 % , RP75 Fi1 RP100 5% FE {H
2 EF RPS0 1 RPO(P <0.05) . RPO J # ff Ji 35
a R ERTHEKLIA(P<0.05); 58
a” {EH R, RPO 4 K # A TFH o KT HE KL
H2H , H o RPO g 3 Ik T~ RP25,RP75 #i1 RP100
(P <0.05) , 3247 AR f0 3 0T K 2 #0095 3 A
Wb {H T B E MR (P >0.05) , 17 #8 & k1
b B TR E R b A

3 dhie

3.1 ARPRFEBEREANKEEFTENE
K B %

SR 100% 254 f 0 R B 1 4 £ ) A7 16
PR B 53 VRS R 3 5 A K P e f T i g
(Oncorhynchus mykiss )" F15¢ 25 % ( Cromileptes
altivelis)"™ I 1 B 5% 45 5 — 3, {H & Izquierdo
461V H) Fountoulaki 25 % B ] 32 K7 ih 43 31 85 A%
60% 1 69% 1) H1 Il AN 23 52 Wi 45 Sk B 1) A= 4 T 2235
FrIER AR 7K 42 = 3 80% I 23 I 25 41 i HL A
1 sBowyer 45" BT R BSEAFIN E A R £ 22
F BRI B9 ( Seriola lalandi) By A= 1K, T 50% & X
AR AR . SRRl 100% 25X il R e 23 50
AW i 4)) € ( Lates calcarifer) [fH: 4,
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RT ARPEHBREREANAEGRKERENZME(n=15)

Tab.7 Effects of replacement of dietary fish oil by rapeseed oil on the skin color of large yellow croaker

JI5 ¥ Kz ik ventral skin

5 ¥ Jz Ik dorsal skin

L a” b* L a b”
RPO 82.54 £0.14 -0.10 £0.10" 58.27 +0.64 58.76 £0.96" -2.20+0.09° 14.04 £0.36
RP25 82.50 £0.11 -1.32+0.04° 57.56 £0.49 61.33 £1.27™ —1.52 £0.04° 13.09 £0.43
RP50 83.31 £0.15 -1.75 +0.07"° 54.72 £0.89 59.38 +£0.21° -1.86 £0.06* 13.32 £0.54
RP75 82.85 £0.34 —1.45 +0.14° 58.31 £0.65 67.90 £2.62" -1.52£0.13"° 12.66 +0.28
RP100 83.32 £0.26 —-1.68 £0.08" 58.33 +£0.80 71.46 £1.51° -1.50 £0.13"° 13.80 £0.57

T8 3 P B 5 B8l S - 3 BOR = A J S B bR R il — 8 R ] AR P B ROR 2253 3 (P <0.05) o L™ KRB, a” KR4 afi, b”

TR O,

Notes ; Values are means and standard errors of three replicates. Means in each column with different superscripts have significant differences( P <

0.05).L" ;skin lightness,a " ;skin redness,b " :skin yellowness.

S0 K B BE A ST IR A KO I 32 R
RBTHE,100% B ABEST 0% 4, X5
Bowyer %" IS AT i 100% 5 4% £ 9 2 3%
v R EmE R R BN IR A5 R — B SR 2 BT
R, ST I FB 43 5 58 4 8 A A0 OF A 235 e
WK 2 B AR R g 10T 0

H T 7K A SR P9 SRR R (18 3n-3) %4k
1%, n-3HUFA (4% 5] & DHA fl EPA) fif & () A6
00 OV R A P AR SOk
F T NE W R B — 5E B 1 n-3HUFA f RE i
JEAR T g O ey T Y e
Yy b & A 1 n-6PUFA | i it 2 i K f 2 BT
W B n-3HUFA 24 fal s} o £ 30 4 A8 9 il 5 1R
Jei Rk v 1 i U 1 2H G B o R A O R
n-3HUFA [ 3 FEAK, DT AT BE 23 52 mi fa 28 19 2E
Ko Turchini 2" 3\, 41 S 47 kL EFA B 2 T
2%t EFA 5 28, e Mg i i T LLE AR 60% ~
75 % 19 a3 TS 52 fa 28 4R R AR K AR R
B, Zuo RGBT W, 446 k) o n-3HUFA
FRET 0.6% (T-5) BB Al i e K B 0 i 1E %
AR ST R S 43% 1 faky, iT L
P AL — 5 1 19 n-3HUFA , Y 3287 0l 2 AAK F A
0% % & %] 100% K}, 7 Bt o n-3HUFA & & M
2.13% (T &) FRER0.77% (T5H) , RISLE h
A R EDRAL B9 n-3HUFA & 5t 35l 2 K8 fa

Bk T W & n-3HUFA 755K 4b, 1A & iy DHA/
EPA {1 Lt 19 1 75 20 2 7E — 5 1Y 0 N A e 4
Fre M IEH A K. L5 Ak b DHA/EPA (1 [
BIAEFFAE 1. 41 ~ 1. 44 FF 5 R g0 KT
KU BRAN  FE A 26 n-3HUFA 5 3K 9 [7
i, 45k n-3/n-6PUFA (1) b 3] b 25 52 i £ 28 (1Y

K R g S e X S IR n-3PUFA Fill n-
6PUFA 4524+ I 107 B A it 3 B vp O i o ASHF
FEHT, 2 3K IR AR Tk B K O L 0% 14 i #)
100% s}, i K} H n-3/n-6PUFA M 1. 18 T [% |
0.45(3%2), XWHESE B 100% #4841 1) K &
BEERT 0% HERAWIEHZ —, B AR EH &
it — 2 5E .
3.2 AMPEFHEBEREMNKELNAKER
B8 48 B, 1Y % I

VFZ R W1, 1) 6k v g D5 IR 20 1 2 18 3% 52
i 8 A 2 b g 1T IR B RO sz s
Wi 5 S T R A £ T KT 1 1, K B A L P
SFA & & [ & ) #l b SFA 19 F B b, i
Bell 22" FiI Torstensen 25" 7£ A V4 % #: | %
Menoyo 45" 75 4x Sk 8 b B 58 & B, AR [l ok F
{18 S AT T AR 3 Bt R AR KO 8 T e, LA o
SFA A& B 1 ok SFA Y W /0 1 v /b, 38 3
JULEA v B 7 B2 Rt v s 7 R 1 AH O 1 3 B £
W, 3 32 222 R A Bl o 3 AT i 2 AR £l 7K T 1
L RE A LAY C18: 0 & &kl C18:0 &
St A B T R G (R EE S 2.353) LA
C16: 0 & 5 FR AR A 3 I K F iRk C16:0 & &
AR R (LR 0.476) (R 5 MK 6) . XTH]
el TR B N g A 20OF H SFA 1F 2 e 2 >
5 A ) T A AR N R R SFA 1945 R, LA TR Ig
5 B2 AR b i D R A DG M o M R W], CI8: 1
C16:1.C18:2n-6 ,C20: 4n-6 fil C18:3n-3 fifi & 3
3l 5 A A 1 388 i g LR A A . e B
SR 5B RR I A LG, S R 7
il C18:2n-6 B 5 F 4 B-S AT i L A2
Bell 252" ik LA Hh B 107 5 0 45)RE FR B 9 1R 1)
ek ml IH /9 B 5 Rl AE B, C18: 1, C18: 2n-6 Fi

http : // www. scxuebao. cn



5 G B0 30, A AR R SORF I 1R T DR B A A UL IR I U TR A R 5 B0 R TR 757

C18:3n-3 %) Tl A VG Pf ek AL FI T . Bl 5 £k
S E SN, K # fa UL Y DHA i EPA 5 it B
F ik DHA H1 EPA &5 5 1 0 /0 1 0 20, H 2
oy 0 3 3N F AR DHA L EPA 3 /0 1 3 5%
(BER/NF 1), ix %W DHA fl EPA 16 K # f 1
PR {8 1) AR 0D T £ 4 e A ) 1 A BT AE L A
LG 45 S 38 B AE K PG PR e 4 Sk it L a
21 B RO 5 A i 5 A 3 o e 4 U I
R4 R B BF ST L
3.3 AR REReANAEEEBEE
ELEA

0 2 (0 2 5 R 0208 ORI T B A 1) R
HEz " 18 Z 8503 W o 1 £ 9 b o
IR N S AN Y RN
@ TR RN R, R
Ak v 7 U 2 2 W £ 2K 0 €0, 2% 1) 0% e AR 35t
AR @ SR R B SOk R A K
S T A% b B A B S B B AR LS B
3 1) S €1 ) TG W 25 e T A R (R
W T 5 5 SEORF I A AR AR TR A R AL (i
T FEAR 1 BB 4T (i . Menoyo %' Fil Izquierdo
21T o B JRR 1 R AR £ 4 I R AR
o 3K 8 UL A 1€ R B €L (L ID I 2 B 25 O
f5E (. Regost 257 B 5y Fe W, £yl 4 K 7Y
PEBEIL P LT @ AR D 25 R TR
B4l . Bjerkeng 25" i i 43 7 7 B o 19 N5 i
R ZHL BRI A TG A B UL P 4T (1 6 R A
ok v I 7 R 2E RS T LA I 4T G fi . {H2 Bell
210915 1) P SR 1 R A i S TR K P A £
TG B, P P DL A RP R (0 2 R R
B i RN i U5 R A K - B 5 T LA o
ORTEMIFE XS ERETIAKS6, X%
BTG50k e F N 07 1R 2L 5 L I B 0 A A A O 1
S P15 T B AR T B 7E AR S
S F T KRB R 0 1 S AL A 3 % AR R
[7) 5 7 P2 26 B 1Y S ) o D T T M 0 R0 £ 28 fk
SR 1) EL AR S DR AR i 4 A R — T A

Y5 W, 1 R A R OKE R 45%
H&Ws 7k S 12% B9 5 1F R, 3FF il A [ kS
(0% 25% .50% .75% .100% ) % fX il 43 2
WAt 8 F R A K AR T R 4R
T6 5 PR o SR, B 2 A KT (38 A
ZBORWT ETE o R R IE RR 4LR B R TOR

B Al Aa LD N R B A SR Y AR
NE S 1NN ¥ R4S VAN GR E W 4
V0B K B B AL, T 8 4 958 A0 R 08 B Ik B €0 i A
JEHR B IR 9 5 BEAH T & PR R . IR i A2 e S
NG 107 PR Y 2 R AT S AT SR

S %30k

[ 1] FAO. The state of world fisheries and aquaculture.
FAO fisheries and aquaculture department|[ R ]. Food
and Agriculture Organization of the United Nations:
Rome ,2010.

[ 2] Jackson A. Fishmeal, fish oil; prime feed ingredients
not limiting factors for responsible aquaculture [ R |.
The Global Aquaculture Advocate. Global Aquaculture
Alliance, St Louis, Missouri, USA ,2010.

[ 3] Pickova J, Mgrkgre T. Alternate oils in fish feeds
[ J]. European Journal of Lipid Science and
Technology,2007,109(3) :256 —263.

[4] Turchini G M, Torstensen B E, Ng W K. Fish oil
replacement in finfish nutrition [ J ]. Reviews in
Aquaculture,2009,1(1) :10 - 57.

[ 5] Figueiredo-Silva A, Rocha E, Dias J, et al. Partial
replacement of fish oil by soybean oil on lipid
distribution and liver histology in European sea bass
( Dicentrarchus labrax ) and rainbow trout
(Oncorhynchus mykiss ) juveniles [ J]. Aquaculture
Nutrition,2005,11(2) :147 - 155.

[ 6] Miller M R,Nichols P D, Carter C G. n-3 oil sources
for use in aquaculture alternatives to the
unsustainable harvest of wild fish [ J ]. Nutrition
Research Reviews,2008,21(2) :85 -96.

[7] Martings D A, Valente L M P, Lall S P. Partial
replacement of fish oil by flaxseed oil in Atlantic
halibut ( Hippoglossu shippoglossus L. ) diets: effects
on growth, nutritional and sensory quality [ J].
Aquaculture Nutrition,2011,17(6) :671 - 684.

[ 8] Thomassen M S,Rosjo C. Different fats in feed for
salmon: influence on sensory parameters, growth rate
and fatty acids in muscle and heart[ J]. Aquaculture ,
1989,79(1 -4) :129 - 135.

[9] Greene D H S, Selivonchek D P. Effects of dietary
vegetable,, animal and marine lipids on muscle lipid
and hematology of rainbow trout ( Oncorhynchus
mykiss) [ J]. Aquaculture ,1990,89(2) :165 — 182.

[10] Bell J G,McEvoy J, Tocher D R, er al. Replacement
of fish oil with rapeseed oil in diets of Atlantic

salmon ( Salmo salar) affects tissue lipid compositions

http : // www. scxuebao. cn



758 P/ I 37 %
and hepatocyte fatty acid metabolism [ J ]. The [19] Izquierdo M S, Robaina L, Caballero M J, et al.
Journal of Nutrition,2001,131(5) ;1535 - 1543. Alterations in fillet fatty acid profile and flesh quality

[11] Ng W K, Sigholt T, Bell J G. The influence of in gilthead seabream ( Sparu saurata) fed vegetable
environmental temperature on the apparent nutrient oils for a long term period. Recovery of fatty acid
and fatty acid digestibility in Atlantic salmon ( Salmo profiles by fish oil feeding [ J]. Aquaculture, 2005,
salar L. ) fed finishing diets containing different 250(1 -2) :431 —444.
blends of fish oil, rapeseed oil and palm oil [ J]. [20] rpfe AR FEFn & A b 3B b 5. v [ ik 58 3 AR
Aquaculture Research,2004,35(13) :1228 - 1237. BIM . AT E gl Y R ,2012 .29,

[12] Torstensen B E,Frgyland L,Lie @. Replacing dietary [21] Bjerkeng B, Hatlen B, Wathne E. Deposition of
fish oil with increasing levels of rapeseed oil and astaxanthin in fillets of Atlantic salmon ( Salmo
olive oil-effects on Atlantic salmon( Salmo salar L. ) salar) fed diets with herring, capelin, sandeel, or
tissue and lipoprotein lipid composition and lipogenic Peruvian high PUFA oils[J]. Aquaculture,1999,180
enzyme activities [ J ]. Aquaculture Nutrition, 2004 , (3 -4).:307 -319.

10(3) :175 - 192. [22] AOAC ( Association of Official  Analytical

[13] Shapawi R,Mustafa S, Ng W K. Effects of dietary Chemists ). Official methods of analysis of the
fish oil replacement with vegetable oils on growth association of official analytical chemists, 16th
and tissue fatty acid composition of humpback edition [ M |. Cunniff P, Ed. AOAC International,
grouper, Cromileptes altivelis ( Valenciennes ) [ J]. Arlington, VA ,1995.

Aquaculture Research,2008,39(3) ;315 —323. [23] Metcalfe L D, Schmitz A A, Pelka J R. Rapid

[14] Fountoulaki E, Vasilaki A, Hurtado R, ef al. Fish oil preparation of fatty acid esters from lipids for gas
substitution by vegetable oils in commercial diets for chromatographic analysis [ J ]. Analytical Chemistry,
gilthead seabream ( Sparus aurata L. ) ; effects on 1966,38(3) :514 - 515.
growth performance, flesh quality and fillet fatty acid [24] CIE. Official Recommendations on uniform colour
profile Recovery of fatty acid profiles by a fish oil space, colour difference equations and metric colour
finishing diet under fluctuating water temperatures terms | M ]. Paris; Commission International de 1’
[J]. Aquaculture,2009,289(3 —-4) :317 - 326. Eclairage,1976.

[15] Stone D A, Oliveira A C M, Ross C F, et al. The [25] Torstensen B E, Frgyland L, Ornsrud R, et al.
effects of phase-feeding rainbow trout( Oncorhynchus Tailoring of cardio protective muscle fatty acid
mykiss) with canola oil and Alaskan pollock fish oil composition of Atlantic salmon ( Salmo salar) fed
on fillet fatty acid composition and sensory attributes vegetable oils [ J]. Food Chemistry, 2004, 87 (4):
[ T ]. Aquaculture Nutrition, 2011, 17 (2 ): 567 -580.
e521 - e529. [26] Trusenski J, Schwarz M, Lewis H, et al. Effect of

[16] Bowyer JN, Qin J G, Smullen R P, etfal replacing dietary oil with soybean oil on production
Replacement of fish oil by poultry oil and canola oil performance and fillet lipid and fatty acid
in yellowtail kingfish( Seriola lalandi) at optimal and composition of juvenile cobia [ J ]. Aquaculture
suboptimal temperatures [ J |. Aquaculture, 2012, Nutrition,2011,17(2) :e437 - e447.

356 -357:211 —222. [27] Bell J G,Tocher D R, Henderson R J, et al. Altered

[17] Choubert G, Mendes-Pinto M M, Morais R. fatty acid compositions in Atlantic salmon ( Salmo
Pigmenting efficacy of astaxanthin fed to rainbow salar) fed diets containing linseed and rapeseed oils
trout Oncorhynchus mykiss: Effect of dietary can be partially restored by a subsequent fish oil
astaxanthin and lipid sources[ J]. Aquaculture,2006, finishing diet[ J]. The Journal of Nutrition,2003,133
257(1 -4) .429 -436. (9) :2793 -2801.

[18] Menoyo D, Izquierdo M S, Robaina L, et al. [28] Pettersson A,Johnsson L, Brannas E, et al. Effects of
Adaptation of lipid metabolism, tissue composition rapeseed oil replacement in fish feed on lipid
and flesh quality in gilthead sea bream ( Sparus composition and self-selection by rainbow trout
aurata’) to the replacement of dietary fish oil by ( Oncorhynchus mykiss) [ J]. Aquaculture Nutition,
linseed and soybean oils[ J]. The British Journal of 2009,15(6) ;577 - 586.

Nutrition,2004,92(1) :41 - 52. [29] Raso S, Anderson T A. Effects of dietary fish oil

http : // www. scxuebao. cn



5

G B0 30, A AR R SORF I 1R T DR B A A UL IR I U TR A R 5 B0 R TR 759

[31]

[32]

[36]

[37]

replacement on growth and carcass proximate

composition  of barramundi
calcarifer) [ J].
(10) :813 -819.

Regost C,Jakobsen J V,Rora A M B. Flesh quality

juvenile ( Lates

Aquaculture Research, 2003, 34

of raw and smoked fillets of Atlantic salmon as
influenced by dietary oil sources and frozen storage
[J]. Food Research International, 2004, 37 (3 ).
259 -271.

Kanazawa A, Teshima S I, Ono K. Relationship
between essential fatty acid requirements of aquatic
animals and the capacity for bioconversion of
linolenic acid to highly unsaturated fatty acids[J].
Comparative Biochemistry and Physiology-Part B:
Biochemistry and Molecular Biology, 1979,63 (3) .
295 -298.

Cowey C B, Sargent J R. Lipid nutrition in fish[ J].
Comparative Biochemistry and Physiology-Part B:
Biochemistry and Molecular Biology, 1977,57 (4) .
269 -273.

Skalli A,Robin J H. Requirement of n-3 long chain
polyunsaturated fatty acids for European sea bass
( Dicentrarchus labrax) juveniles: growth and fatty
acid composition [ J ]. Aquaculture, 2004,240 (1 -
4):399 -415.

Kim K D, Lee S M. Requirement of dietary n-3
highly unsaturated fatty acids for juvenile flounder
( Paralichthys olivaceus) [ J]. Aquaculture 2004 ,229
(1-4).315-233.

Kiron V,Fukuda H,Takeuchi T, et al. Essential fatty
acid nutrition and defence mechanisms in rainbow
[J1].
Biochemistry and Physiology-Part A Physiology,
1995,111(3) :361 -367.

trout Oncorhynchus mykiss Comparative

Montero D, Socorro J, Tort L, et al. Glomerulonephritis
and immunosuppression associated with  dietary
essential fatty acid deficiency in gilthead sea bream,
Sparus aurata L. , juveniles [ J ]. Journal of Fish
Diseases ,2004,27(5) :297 —306.

Lavens P, Lebegue E, Jaunet H, er al. Effect of
dietary essential fatty acids and vitamins on egg

quality in broodstocks [ J ].
International ,1999,7(4) ;225 —240.

turbot Aquaculture

Izquierdo M S,Fernandez-Palacios H, Tacon A G J.

Effect of broodstock nutrition on reproductive

performance of fish[ J]. Aquaculture,2001,197 (1 -

[39]

[40]

[41]

[42]

[44]

[45]

[46]

4) .25 -42.

Zuo R T,Ai Q H,Mai K S, et al. Effects of dietary
n-3 highly unsaturated fatty acids on growth,
nonspecific immunity, expression of some immune
related genes and disease resistance of large yellow
croaker ( Larmichthys crocea ) following natural
infestation of parasites ( Cryptocaryon irritans) [ J].
Fish & Shellfish Immunology, 2012, 32 (2 ).
249 -258.

Zuo R T,Ai Q H,Mai K S, et al. Effects of dietary
acid ratio

docosahexaenoic to eicosapentaenoic

( DHA/EPA ) on growth, nonspecific immunity,
expression of some immune related genes and disease
resistance of large yellow croaker ( Larmichthys
crocea ) following natural infestation of parasites
( Cryptocaryon irritans ) [ J]. Aquaculture, 2012,
334 -337.101 - 109.

Thompson K D, Tatner M F, Henderson R J. Effects
of dietary ( n-3 ) and ( n-6 ) polyunsaturated fatty acid
ratio on the immune response of Atlantic salmon,
Salrno salar L [J]. Aquaculture Nutrttion, 1996, 2
(1):21-31.

Sargent J, Henderson R J, Tocher D R. The lipids
[M] // Halver ] E,Ed. Fish Nutrition, London UK
Academic Press,1989.

Henderson R J, Sargent J R. Chain-length
specificities of mitochondrial and peroxisomal beta-
oxidation of fatty acids in livers of rainbow trout[ J].
Comparative Biochemistry and Physiology-Part B.
Biochemistry and Molecular Biology, 1985,82 (1) :
79 -85.

Kiessling K H, Kiessling A. Selective utilization of
fatty acids in rainbow trout ( Onchorhychu smykiss
Walbaum ) red muscle mitochondria [ J |]. Canadian
Journal of Zoology,1993,71(2) :248 - 251.
Kalinowski C T, Robaina L E, Ferndndez-Palacios
H, et al. Effect of different carotenoid sources and
their dietary levels on red porgy ( Pagrus pagrus)
growth and skin colour [ J]. Aquaculture, 2005, 244
(1-4).223 -231

Bell J G, Henderson R J, Tocher D R, efal.
Substituting fish oil with crude palm oil in the diet of
atlantic salmon ( Salmo salar) affects muscle fatty
acid composition and hepatic fatty acid metabolism
[J]. The Journal of Nutrition, 2002, 132 (2):
222 -230.

http : // www. scxuebao. cn



760 Ko7 OF IR 37 %

Effects of dietary fish oil replaced with rapeseed oil on the growth, fatty acid
composition and skin color of large yellow croaker ( Larimichthys crocea)

YI Xinwen'?, ZHANG Wenbing'** | MAI Kangsen'”>, SHENTU Jikang’
(1. Key Laboratory of Aquaculture Nutrition and Feeds ,Ministry of Agriculture ,Ocean University of China,Qingdao 266003, China;
2. Key Laboratory of Mariculture ,Ministry of Education ,Ocean University of China,Qingdao 266003, China;
3. Ningbo Ocean and Fisheries Research Institute ,Ningbo 315010, China)

Abstract. An 8-week feeding trial was conducted to investigate the effects of dietary fish oil replaced with
rapeseed oil on growth,muscle fatty acid compositions and skin color of large yellow croaker( initial weight
13.56 £0. 05 g). Five isoproteic and isolipidic experimental diets were formulated with 0% ,25% ,50% ,
75% and 100% replacement of fish oil by rapeseed oil. Results showed that these replacements did not
significantly influence the survival rate( SR) and specific growth rate(SGR) (P >0.05). However, the feed
conversion ratio ( FCR ) was increased with the increasing of replacement levels. Furthermore, FCR in the
group of 100% rapeseed oil was significantly higher than that of 100% dietary fish oil (P <0.05). No
significant difference was observed in the whole body compositions ( P > 0. 05). The concentrations of
C18:0,C18:1,C18:2n-6,C18:3n-3 and the saturated fatty acid( SFA) ,except C20:4n-6 and C22:5n-3 in
muscle , were elevated with the increasing of dietary rapeseed oil levels. There were no significant differences
in yellowness( b " ) of dorsal and ventral skin among the five treatments( P >0.05). Lightness (L") of the
dorsal skin in the treatment with 100% dietary rapeseed oil was significantly higher than that with 100%
dietary fish oil (P <0.05). However, L" of the ventral skin was not significantly different among the all
treatments ( P > 0. 05) . Higher redness(a” ) of ventral skin and lower a” of dorsal skin were found in fish fed
with 0% rapeseed oil. This study suggested that there were no significant effects of replacement of dietary
fish oil by rapeseed oil on growth and body composition. However, the fatty acid composition of muscle and
the skin color were significantly influenced.

Key words: Larimichthys crocea; rapeseed oil; fish oil; fatty acid; skin color
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