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#) \66.67% (E ) RIR-E Y (FRARh: SRk A =3.6:2.5:1)
B 66.67% (F 4) il LK, 3t 6 MERFRFEARARAY A
[#]E (0.65 +0.11)g]50 d, Z5RFTH, YL B4 (B.C.D.EF F 4)
MARKE MXHEER FFEA KRS AALEENER;CHDAME
HRFEREERT A 4 A BARFABTEEEEZR . HYHE
REMEZEZMIIAEESSE A HAWHEED B HMIK(58.9% +
0.41% ) ; B MUK > To B2 22 5 5 A v B AR 4 S 1 2 i UL 1 -5 R
BRI & BB E R LA S AT RE B9 B B BR AL . B & SR ALK
B4R R, L AP 18:3n3 LA AFAE AP 181 1,18: 206,18 3n3 B4 %) & i B3
P27, EPA 1l DHA 453 & B39 B 2 T . 54 FKF RSB A
HRLE IRA YR AL EPA DHA LU AFRE 18: 3n3 4% & it
B3 J+, AT AE - EPA 1 DHA f 4 % & & B % K. BFoRsRM,
66. 67% F) AT BB YR B AR AR R E AL M 6 FARmHE
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AR X FEEKFREABRZ —, HETKH
A FRFAATI A SR VK /N F f R TR A SIS 4R
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K SRR 58 2B I B ( Cromileptes
altivelis) TRIRL P ) F 3, 72 A 3 8 & A AR K S 58
o WA A 2R DR R R R SOR T
R GEA M AR TS B R & ad R T
ERis 2 IRERTES-A g N )i K
53 S B 5T & B R AR 25% L 50% |
75% 100% & % 4] 1R 145t &y (13. 56 +0.05)
g KA KR TG 8 5 50, (58
T RE AR LA IR R AL R A £

ASEH DA R IR A MR KR A
Tkt ep Y ER o f i, BT O K B AL A LA
JF R R B B2 B B BR AL S 5 i, AR R AN B i A
% 5 PR 1 0T AR AR K 25 A T A ) e A 7
ENEIN

AR T
1.1 REARHE
SRR M@K RAE IR TR 6 Fb

FREMAHAR SR (R D), HPRACA
#) Jyilshn 6% K Ak, BLC.D 1 E 2445351

FHZEHF 0 &2 40 X BB 41 16. 67% | 33. 33% |
50.00% F1 66. 67% f 31, F 2% FIIR-& M4
(FRHE: 2003 Sk =3.6:2.5: 1) B AU IR
21 66. 67 % )i

H 25 B RDELE R B UG i 60 B 5, H e
FELBISR B Y KIERAT, INAE & KK, K
RAE LKA R ERE R 2 mm KT FARE R
kL, BT -20 COKAERAER . &L R
JI o BR 4 B35 2.
1.2 XBAESRFERE

I AERE THET Z#REE RK™F
AR KEfAMAE, S22 E BT EL
ERBUAFE ket , 855 2 A, 25/ 24 h,
PREAME[ (0.65 £0. 11) g] — 2, AR IR
HAFT A, RIELR BT, K 2 400 BELE
TR 6 NMAR A, B 4 ER, BT 24 4
0.7mx1m x1.2 m AN (EME 100
B). FHELKILS0 d, BRBEHM3 K
(7:00,12:00,16:30) , SZHHfEZKIE K 21.0 ~
26.0 °C,EhE R 29,

®1 ZREBEHREFEK

Tab.1 Experimental feed formula and nutritional composition

JEkH AGHE) 4 B(16.67% )4 C(33.33%)41 D(50% )4l E(66.67% )41 F(66.67% )4l

feed ingredient group A( control) group B group C group D group E group F
¥} white fish meal 20 20 20 20 20 20
Z1 44§} brown fish meal 30 30 30 30 30 30
% K §K1 soybean meal 10 10 10 10 10 10
FEKE K com protein powder 5 5 5 5 5 5
% [LERA) spray dried blood powder 4 4 4 4 4 4
A ik wheat gluten 4 4 4 4 4 4
{EK 1 5 xintun NO. 1 0.5 0.5 0.5 0.5 0.5 0.5
584 F squid viscera paste 2 2 2 2 2 2
B4
monocalcium phosphate 0.8 0.8 0.8 0.8 0.8 0.8
AZYE(E Y, JER)
multidimensional 1 1 1 1 1 1
(include V,, Choline)
11 F1Z %" minerals premix 0.7 0.7 0.7 0.7 0.7 0.7
K EGBENGH soybean lecithin oil 2 2 2 2 2 2
o - JEH a-starch 10 10 10 10 10 10
X MK €9 refined fish oil 6 5 4 3 2 2
X IS KA refined rapeseed oil 0 1 2 3 4 0
RS A4 blend vegetable oil! 0 0 0 0 0 4
WA K zeolite powder 4 4 4 4 4 4
40 R, nutritional composition®
S JIg i total lipid( % ,DM) 14.19+£0.03 14.12+0.15 14.14+0.08 14.14+0.08 14.04 +0.24 14.03 £0.1
HLEE i crude protein( % ,DM) 54.74£0.04 54.69 £0.06 54.74+£0.04 54.73+£0.29 54.95+0.24 54.98 +0.09
JLBE gross energy (kJ/kg) 24.1+0 24.08 +0.03 24.08 +0.02 24.08 +0.01 24.08 +0.04 24.08 +0.02

1 RA Y - R SR SR =3.6:2.5: 1 FURHECRH R I F LR AR AR IR Al 5 2. B SR 41RR B RV BE TR

Gh, HARI N E

Note: 1. Blended vegetable oil: palmoil: perillaoil: rapeseed oil =3.6:2.5:1;Feed ingredients were purchased from Shanghai Nonghao Feed Co. ,

LTD; 2. Dietary energy was calculated and other data were determined.
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Tab.2 The fatty acid profiles in the experimental diet (mean +SD,n=3) mg/g
R AR A B(16.67% )#1  C(33.33% )4 D(50% ) #H E(66.67% )4  F(66.67% )4l
feed ingredient group A ( control ) group B group C group D group E group F

14:00 1.23 +0.14* 0.79 £0.06" 0.66 £0.02° 0.63 £0° 0.51 £0.03% 0.43 +£0.06°
16:00 7.28 £0.82* 4.88 £0.4P 4.58 +0.15% 4.31£0.35%  3.74+0.27° 4.59 0. 65
16: 1n7 1.59 +0.19* 1.23+0.11° 0.9 +0.03¢ 0.85 0 0.7 +£0.04% 0.54 +0.08¢
18:00 1.78 £0.19* 1.22 £0.09° 1.19 £0.04° 1.11£0.07°  1.01 +0.04> 1.18 £0.15°
18:1n9 4.02 £0.91¢ 5.28 £0.4% 5.92 £0.02" 8.63£0.29°  8.71 £0.61* 4.68 £0. 67
18: 1n7 1.06 £0.11* 0.79 £0.04¢ 0.79 £0.01° 0.96 £0.03®  0.88 +0.05> 0.5 +0.07¢
18:2n6 3.64 £0.41% 3.09 +0.25% 3.23 +0% 3.46 +0.98% 3,84 +0.28° 2.8 £0.42°
18:3n3 0.43 +£0.06¢ 0.6 +0.07¢ 0.72 +0.02 1.10 £0.03>  1.01 +0.05 2.78 £0.41*
18:4n3 0.46 £0.04* 0.33 £0.05" 0.33 £0.01" 0.32 £0 0.27 £0° 0.28 £0™
20: 1n7 0.32 £0.06" 0.33 £0.01" 0.33 £0° 0.38 £0* 0.3 £0.01" 0.18 £0.01°¢
20: 4n6 0.45 £0.01* 0.29 +0° 0.27 £0.03" 0.26 £0.03>  0.22+0.01°¢ 0.23 £0.01°
20: 503 3.18 £0.38* 2.6 £0.19" 2.08 £0.06° 1.85+0.01°  1.49 +0.1¢ 1.38 £0.219
22:51n3 0.68 £0.04* 0.5 +0.01" 0.47 £0.02" 0.41£0.05°  0.35=0.01¢ 0.34 +0.03¢
22:6n3 5.92 +0.62° 4.72 £0.32b 3.31 +0.01°¢ 3.25+0.19°  2.46 +0.18¢ 2.14 +0.21¢
SFAs 10.9 £1.17* 7.38 £0.59° 6.88 +0.22° 6.45+0.39% 5,63 +0.35° 6.49 +0.9%
MUFAs 7.69 £0.95" 8.39 £0.4P 8.52 £0.01° 11.62 +£0.33*  11.13 £0.71° 6.41 £0.83¢
PUFAs 15.66 +1.55° 12.94 +0. 46" 11.03 +0.04¢ 11.72 £0.27%  10.36 +0.54° 10.64 +0.79¢
HUFAs 10.78 +1.11° 8.64 +0.52" 6.51 £0.04¢ 6.12£0.26°  4.91 +0.28¢ 4.59 +0.454
n-3PUFAs 11.01 +1.08* 9.06 £0.47" 7.13 £0.06° 7.12£0.19°  5.91 +0.25¢ 7.2 £0.47¢
n-6 PUFAs 4.41 £0.46* 3.7 £0.24% 3.75 £0.03% 4.43 £0.46*  4.31 £0.29% 3.33 £0.42¢
n-3/n-6 2.5 +0.04° 2.46 £0.23* 1.9 £0.03" 1.62+0.21¢  1.37 £0.03¢ 2.18 £0.21"
SFAs/MUFAs 1.43 £0.25* 0.88 +0.03% 0.81 +0.03°¢ 0.56 +0.04¢  0.51 +0¢ 1.01 +£0.03®
PUFAs/SFAs 1.44 +0.01° 1.76 £0.13* 1.6 £0.04 1.82+0.12 1.85+0.18 1.64 £0.07*
PUFAs/MUFAs 2.06 +0.35% 1.54 +0. 06" 1.3 £0.01¢ 1.01 £0.05%  0.93 +0.09° 1.67 £0.12°
ARA/EPA 0.14 £0.01%  0.11 £0.01° 0.13 +0.02% 0.14 £0.01% 0.15+0.01* 0.17 £0.03*
ARA/DHA 0.08 £0.01% 0.06 +0° 0.08 +0.01° 0.08 +0° 0.09 +0.01° 0.11 £0.01*
DHA/EPA 1.86 +0.03* 1.82+0.01* 1.59 +0.05°¢ 1.75+0.11*  1.65 +0.02% 1.56 £0.09¢
EPA + DHA 9.1+1.01° 7.32 £0.51" 5.39 £0.05° 5.11+0.18°  3.95+0.28¢ 3.52 +0.42¢

HEWRP AR E /N 1 mg/g WIRHTER, 154 :15: 0, 16:

2n6,17:0,16: 3nd,17: 1n7,16: 4n3,20: 0,20 1n9,20: 4n43,22: 119,

22:406,22: 506 1 24: 19, [{]—FiiR Wi FRA RIZLA B LARAF/NE T8 R 22 54k B3 (P <0.05) 6

Note : The fatty acids whose percentage were below 1 mg/g were omitt
16:4n3,20:0,20: 1n9,20: 4n43,22: 1n9,22: 4n6,22: 5n6 and 24
different( P <0.05).

1.3 #mRESLE
1.3.1 FEARE

TEFREH S U JT 4 b B 25 8 23 LAk Ak B
(24 h) BySEI6 F Ea AR W0 AaAE , Ak 25 SBURF REE AL
WARAFT —20 “CukAR, LU T8 M A i T R
e

50 RIRFH K Ko 45 e , 454~ P A BEHLER 40
RS HE (24 h) A9, i F1IR 4, IR, AL
P, T -20 CokFRAF T # AL AT FAE B R 2
o
1.3.2 HAUEFW T T

HLE FR TR 271X (Vario Max CNS) il
;7K 105 CHEAE TR EAEE I ; BAE K
RN - BRI RE 5 IR0 i 550 C DhAgdr ek
e
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ed from the present table, include:15:0, 16:2n4,17:0,16:3n4,17: 1n7,
: 1n9. Data from different groups with different lowercases are significantly

1.3.3  ARIERNE

AR SRR FYUR 24 h, HEE AP K
WAMAEBOFRE, IR T AKX R E
R FFEERR ERRR R

W (%) =100 x (W, - W,) /W, (1)
A W ARXTIEE R W, 05 ¢ RRE AR
YA W, S RE ARG AR E

Scr(% ) = 100 x (InW, —InW,)/D (2)
KPS MRFEAERK I W, W5 ¢ RRE AR
AR W, R B RIIR & D
SRAF: 4 1] B B 161

Sg(% ) =100 x N,/N, (3)
KA Sp WAETEERGN, WREBLREHGN, H
REAEYIIR R

Rec =W/ (Wy = Wyy) (4)
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P R A ERL R B W 9 TEFE IR RS E W
N T RREAEE; Wy A RE ARG EE,
1.3.4  JRHBRINE
B U5 i 7 R R B AL SR A = ALl Y R AL v,

A C19 %t B2 ( Sigma ) 1E g P AR T 5€ B 5 R 265 %o
B, BRI ) 1oL 0F O AR v i =/ B
HE SR T8 W IR VA 5 OF e 8 2 B BE AL
LA C19 WiRJE i E 2 ZERIEC & A
14% BF, — F i (Sigma) ¥ ¥K 2 mL,100 C 7K 25
min; BUE JE @A R ZE R, A 2 mL A0 2 mL H
BEYESE 100 “CIKIA 25 min; ¥ HER AL 4 58 22 5%
B2 10 mL .08, A ImL ZE87K A 1 mL
ok, a0 E%)E 3 000 r/min B.0» 10 min, B
EEWR

X H Agilent-7890A I S A 4 3 UL Bt &
Agilent-5975C &L AR TR . 215 4+Ey DB-
210 122-2332,30 m x 0. 25 mm x 0. 25 pm, FID
AL A DELEE 260 °C 5 FIE N 1.9 mL/min A
R A ERSE R B, SR U E 4=
7£ 30 mL/min. 300 mL/min, FIEIEE K 60 C,
FHLA10 C/min FHEERTHE] 190 CJa, FLLS
°C/min B ERF-F] 210 C,2R)5L42 C/min
HERTFF] 225 C, FJ5 LA 10 C/min f) 3 B 11
F+3] 245 °C, 331 26. 5 min, PHFEER 1 pL,
RO J10 60 kPas

HRAE 37 i 17 BR FF MR IR A ( Sigma, 47885-
U) (5347 L AN AR B8 B 1], DA B R4 — A i 0
P09 B i A T o 9 B 1 2 (NIST 11 i) KR, X
FE i o I T BRI AT 8 T

HRAE i 5 BR AR 1 i (Sigma ) B 73 #1813 R
B ] LA R S 4 o X AR o i T R AT S
I3, I 4 IR AR I T 5545 IR R B G 4 X
fH:

C.(mg/g) = (C xViy XM, XS,)/ (M XS)g X
m) (5)
AH:C, RAFEBHREFTHMPHE R
(mg/g) ; Cio IR PR BE (mg/mL) 5 Voo 25 N AR
PN B AR (L) s Moy S WARY) B BE O 5 &5
1024 PR 9y B0 e T AR s M, DA E I S TR P T Y 0
T8RS, FE AR T R 0 W T AR s m g R T b R
2(g).
1.4 HiRAbE

M E G5 R AF-HME + HrifE2E (mean + SD)
o SEHHHE] SPSS 17. 0 #4347 ANOVA #
Wy 2. I Duncan [RifFT ZE LK,
P <0.05 Bl N A BEEESR

2 4

2.1 ERPEYHEERES &M ERKNZE

M 3 AT, £ A B A (] F) R AR TR
B X E R R E A KRR R BTG
FMZS(P>0.05) ,{HEEE AR5
R, LR KR, X ER FFEAERRE
FEAR A 2, TR 2R B0 2 2 BT R Y e
C.D.E H7FERBEMRTX M F 4 (P <0.
05) o AHREAKF T, IR G HE Y 4 K ML)
Y R PR RN TR AL

x3 EYHBSEREBNXREEER FERARF ARG
Tab.3 Effect of partial replacement of fish oil with vegetable oil on growth, survival and feed utilization of
Larmichthys crocea( Richardson)

JEURH AR A B(16.67% )4  C(33.33% )4 D(50% ) 1 E(66.67% )%l  F(66.67% )4
feed ingredient group A (control) group B group C group D group E group F
@?ﬁﬁ:)ﬁ.ﬁ/g 0.65 +0.11 0.65 +0.11 0.65 +0.11 0.65 +0.11 0.65 +0.11 0.65 +0.11
initial weight
?@*ﬁi)ﬁi/g 2.72 £0.14 2.68 +£0.12 2.57 +0.011 2.53 +£0.21 2.59 +0.24 2.67 £0.23
final weight
*ﬁxﬂ%iﬁ/% 317.76 +18.23  312.5+18.19  295.90 +20.16  285.10+17.23  299.49 +20.38  311.11 +16.65
weight gain
ﬁmé.t&%/(%/d) 2.86 £0.09 2.83 +0.08 2.75+0.10 2.71 +0.16 2.76 +0.19 2.82+0.08
specific growth rate
ﬁz‘{a%g/% 100 +0* 98 +2% 96.33 +0. 57" 95.67 +0.57°¢ 97 £1.73% 100 +0*
survival
R 1.5+0.19 1.65 +0.15 1.79 £0.07 1.79 £0.02 1.76 +0.24 1.56 +0.17

feed coefficient

T W — AT A RS A RN FRRR2Z R B3 (P <0.05)

Note; Data from the same line with different lowercases are significantly different. (P <0.05).
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2.2 ARPREYHBSBEREBNAEENA
FEAE TR S B TR S AR B B9 R0
TESCHREE R , X A2 (A ) AL B
HEHTERK(58.9% £0.41% ) ; ZHY)HE >
BamdafmilEn s 2R EE S TR
H(P<0.05), HYMmBENRLA(B.C.D.EFMF

H) AN SN E > &’ ESXN R (A 4)
T EEZES (P >0.05) ; FHHLHMIK T B
EMEER(P>0.05) . AAbIRAFFIEF B EAEE
or S BTE 60% LI b, Y4 (B.C.D.E fl
FH)RMBIRSREXNBAAH) TRENEESR
(P>0.05),0%4,

®4 EWHEBERBS BB XEENAENEFTH S KA SRR

Tab.4 Effect of partial replacement of fish oil with vegetable oil on muscular biocomposition and total lipid of

liver of Larmichthys crocea ( Richardson)

ok A4 B(16.67% )41 C(33.33% )40  D(50% )41  E(66.67% )4l F(66.67% )4
feed ingredient group A ( control) group B group C group D group E group F

LA muscle (F4) %)
MM crude protein/% 58.90 £0.41¢  70.09 £0.6*  68.61 £0.6" 69.11 £0.6>  70.42 £0.45*  64.76 +0.53°¢
KB total lipid /% 26.10 £1.96%° 27.85+0.02° 24.85+1.46% 23.92+0.97° 25.06 +2.79% 26.72 +1.26%
K5y ash /% 7.10 £0.99 6.72 £0.74 7.20 £0.3 6.32+0.79 6.99 +0.44 7.00 £1.06
FFE liver
S JIg I total lipid/% 64.69 +1.5 64.42+0.77  66.02+3.64  66.12. £3.44 64.56+0.19  65.94+1.07

I W — AT A RS AR RN FRRR 2R B3 (P <0.05)

Note: Data from the same line with different lowercases are significantly different (P <0.05).

2.3 HEYHBRBL,EMTAZEANA. BT
B & 42 A 9 2 0

JFE 5 BT, K B L 3 E A A B R
16:0.18:0.18: 1.18: 2n6 . EPA I DHA, JJLpI
16:0.,18: 1 F1 18: 2n6 f 4%} & & Bl & 17 BL SR AT
TR A K7 1 32 2 BRI S T R AR
b (P <0.05), HEARE s H B D
(50% ) 1. C (33.33%) A/ B(16.67% ) 4;
EPA F1 DHA {4 %of 2 878 A0 ) 2 B 2 1R R FF
TERAR AT K A48 R TR BRI (P <0.05)

JLPY H SFAs il MUFAs f) 46 it 5 B B % 1]
R SEAT B AR A 3 7K O B 2 1R T2 PR S R AR
JEFRE R (P <0.05) , HARARME 737 IAE
D(50% ) 2071 C(33.33% ) #H . [t 1Ak 3
R AWK IR, KE AN H PUFAs [
Xt S B HREE(P <0.05) ,n-3PUFAs [ 455+
& BB B #FEAL (P <0.05) , 1 n-6PUFAs i)
Yt SR AW AR (P <0.05), 5 ECGEH

http: //www. shhydxxb. com

WEAR) 4, FORGEDMER) R E AN
PH 16: 0, ARA  EPA DHA . SFAs ., PUFAs il n-
3PUFA S EWA B EHRE (P <0.05),

MFE6 ATLLES, KEAFES &2&RIE
RS 16: 0,16:1,18:0,18: 1,18:2n6, EPA A
DHA, Ff& AR b SRl B A Al K P 3
KEAIFIEH 16:0.,16: 1  EPA Hl DHA f455%% &
BB ERML(P <0.05) ;1 18: 1 A1 18: 2n6 f)
#axt SR BEFE(P<0.05),

B TRD R} A SR I AR T KT O 3R 5, SFAs
Mg EREBIEASTEHRMHBE(P <
0.05) , HEE{ELE B(16.67% ) 21 ; MUFAs # n-
6PUFAs (4%} & & B & FH (P <0.05) ; PUFAs
FIZaxt & & 2 e RE THE i BT s & 1k,
5 ECGEHMER) AM L, FORGHEYMER)
R AFAE 16:0.16:1.,18: 0 F1 SFAs & &1
ARERS,



5H# ZE R, AEYER R AR A o R R i B AR T R Y R 731
x5 HEWHBRES Eih3T X 3 &R A R 820
Tab.5 Effect of partial replacement of fish oil with vegetable oil on fatty acids in muscle of
Larmichthys crocea( Richardson) mg/g
R AR 4 B(16.67% )4  C(33.33% )4 D(50% ) 41 E(66.67% )41  F(66.67% )4
feed ingredient group A (control) group B group C group D group E group F
16:0 35.97 +0. 96" 32.32£0.71¢ 21.22 +0.97¢ 20.07 +0.94¢ 25.18 +0.26¢ 39.86 +0.06*
16:1 8.48 £0.4P 12.22 +0.27* 4.7 £0.17¢ 4.67 £0.83° 5.36 £0.32¢ 6.63 £0.42°
18:0 11.71 0. 66° 10.7 +0.35% 10.36 +1.01% 9.89 +1.39" 9.61 £0.73" 10.42 +0.58%
18:1 41.77 £3.79" 35.79 £0.35¢ 34.82 +1.45¢ 37.52+£0.5° 53.31 +1.64*  50.34+2.16*
18:2n6 16.64 +1.06" 14.58 +0.3¢ 15.89 +£0.95*  17.09 +1.86" 20.27 1.2 19.93 +0.49°
18:3n3 3.06 £0.754 3.55 +£0.25¢ 4.52 +0.15°¢ 4,53 £0.48° 5.66 £0.15" 13.31 £0.27°
20: 1 3.89 +0.82° 4.49 +£0.26° 6.3 +1.38° 4.65 +0.14° 3.56 +0.35° 3.79 +0.13"
ARA 2.71 £0.19° 3.31+0.128 3.13+0.11% 2.85+0.18° 2.74 £0.22° 3.35 £0.42°
EPA 10.16 0. 06° 9.38 £0.75% 7.91 £0.4% 6.99 +0.75¢ 7.1 +0. 144 8.77 +0.59%
DHA 23 +0.89* 21.57 £0.33P 17.54 £0.78% 16.6 +0.32¢ 15.96 +0.46¢ 19.56 £0.41°¢
SFAs 55.82+0.82*  51.17 =1.68" 38.29 +1.12¢ 35.87 +1.09¢ 40.56 +0.56° 55.91 +0.52*
MUFAs 57.35 +3.97" 55 +0.69° 50.07 +0.34°¢ 50.92 +1.35¢ 64.15+1.7* 63.84 +2.42°
PUFAs 68.03 +4.23>  65.25+1.25>  65.63 £2.08>  60.08 +3.31° 60.6 +0.7¢ 76.25 +2.49*
HUFAs 43.08 £2.46*  41.19 £1.12%  37.43 £1.99¢ 32.97 +1.324 30.17 +0.71¢ 37.93 £1.04°
n-3PUFAs 44.82 +2.77°  43.05+1.35%  39.52%1.27° 35.38 +0.98¢ 35.34 £0.55¢ 49.72 £1.27°
n-6PUFAs 19.36 £0.92%  17.89 +0.18° 20.8 £0.51° 20.89 +1.69" 23.01 +0.98* 23.27 +0.85*
SFAs/MUFAs 0.98 £0.08* 0.93 £0.03% 0.76 £0.02° 0.7 £0.01° 0.63 £0.02¢ 0.88 £0.03"
PUFAs/SFAs 1.22 +0.099 1.28 +0. 029 1.71 £0.01* 1.67 +0.05* 1.49 +0.03" 1.36 £0.04¢
PUFAs/MUFAs 1.19 £0.02° 1.19 £0.02° 1.31 +0.04* 1.18 £0.03" 0.94 £0.01° 1.19 +0.03"
n-3/n-6PUFAs 2.31 £0.03* 2.41 £0.06° 1.9 £0.05¢ 1.7 £0.09¢ 1.54 +0.09¢ 2.14 £0.04®
ARA/EPA 0.27 £0.02" 0.36 +£0.04* 0.40 £0.03* 0.41 £0.07* 0.39 £0.03* 0.38 +0.05*
ARA/DHA 0.12 £0.01°¢ 0.15£0.01® 0.18 £0° 0.17 £0.01% 0.17 £0.01% 0.17 £0.02%
DHA/EPA 2.26 +0.08* 2.31 £0.15° 2.22 £0.12% 2.39 £0.25* 2.25+0.02* 2.24 £0.2°

T R P Z A RNT 4 me/g HINBIIRR , 4045 14: 0,15:0,16: 2n6,17: 00,162 3n6,17: 1n7,16: 4n3 ,18: 4n3,20: 00, 20: 3n7,20: 4n3,
22:5037122: 1n9, [F]—Fi R BB AR 4L 5B FARAR RN FRFRR Z R B E (P <0.05) . MRFfRIHER SFA 447 14:0,15:0,16:0,
17:0,18: 0 #{120: 0;MUFAs 4% 16: 1n,17: 1n7,18: 1n,20: 1 F1 22: 1n9 ; PUFAs 4% 16:2n6,16:3n4,16:4n3,18:2n6,18:3n3,18:4n3,

20: 3n7,20: 4 ,20: 5n3 ,22: 5n3 1 22: 603,

Note : The fatty acids whose content were below 4 mg/g were omitted from the present table, including: 14:0,15:0,16:2n4,17:00,16:3n6,17:
1n7,16:4n3,18:4n3,20: 00, 20:3n7,20:4n3,22: 5n3 #122: 1n9, Data from different groups with different lowercases are significantly different
(P <0.05). SFAs in total lipid contain 14:0,15:0,16:0,17:0,18:0 and 20: 0. MUFAs in total lipid contain 16: 1n,17: 1n7,18: 1n,20: In and
22:1n9. PUFAs in total lipid contain 16:2n4,16:3n4,16:4n3,18:2n6,18:3n3,18:4n3,20: 3n7,20:4,20: 5n3,22: 5n3 and 22: 6n3.

3 itie

3.1 EEBsgEReEERANAERE
g~ P53 B B RE 2 A8 R 9 %2 0

B [ A S 2 3 XA 0 3 AR 8 ik BF 5
WA, B A 3848 TRk B A
W TR S S i AT R
EFERE AR Bl SN AR Dy — b AT
HERARRT RO B A A IR BT IR, A B 20
FEiRiE . A SIS A B 2 B A AR R 0k
o 50% (i RN 6% KB T , SR E
3 16.67% .33. 33% ,50. 00% .66. 67% 2 I iR

A R I 66. 67% 4K fa g fa e 50
KIFIE N R A X I R AR e R KR
FRMABMEXNBHAHLEEER (X 3),
PETTERSSON 5" % Bl F ik i 22 4% 0 /R A 41
FUBE(Salvelinus alpinus ) (a)RHCHERL AR} #2083
HH21.8% , AT HE N 21.8% ) H 75% ) fa
ML, 79 d iR K SRR RDR 4 TG B 2
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Tk (R AR P A R 21.8% , il &
J921.8% ) W 75% i FESEFFII AR, 374 51
RITH R A K SRMAB AT EE2ZR
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Tab.6 Effect of partial replacement of fish oil with vegetable on consistent in liver of

*6

A8 00 B 43 X i 3of oK B £ A B R BR 28 B HY R 0

Larmichthys crocea( Richardson) mg/g
R AR 4 B(16.67% )4  C(33.33% )4 D(50% ) 41 E(66.67% )41  F(66.67% )4
feed ingredient group A ( control ) group B group C group D group E group F
16: 00 104.96 £0.36*  105.52 +0.63*  76.22 +1.27° 71.8 £1.244 69.94 +2.199 95,12 £0.54"
16:1 28.76 +0.1* 25.66 +0.12>  23.42 +0.37° 19.65 +0.16° 19.01 £0.32°  21.98 +0.06¢
18:00 42.01 +0.72° 49.31 £0.5* 28.35 £0.17°¢ 28.73 +£0.9¢ 26.6 +0.62¢ 41.4 +0.15"
18:1 125.23 £1.3°  142.38 £0.169  147.38 £2.26°  158.26 +1.34>  177.7 £1.07*  144.64 +0.85¢
18:2n6 35.3 +0.9¢ 34.61 £0.57¢ 62.35 £0.1°¢ 65.68 £0.61° 75.28 +1.03® 34.07 £0.594
18:3n3 4.7 £0.3! 6.03 £0.05¢ 9.63 £0.044 10. 13 +0.06° 13.51 0. 13" 17.84 +£0.07°
20:1 6.52£0.11°¢ 6.66 +0° 8.09 +0.12° 6.89 £0.08° 7.06 +0. 06" 5.77 £0.03f
ARA 3.29 £0.04° 2.99 +0.16° 2.93 +0.06* 2.96 +0.46* 2.34 +0.03" 2.28 +0.21°
EPA 15.47 +£0.06° 15.06 +0. 48* 14.21 +0. 04" 12.78 +0.33¢ 12.77 +£0.09¢ 10.19 +0. 45¢
DHA 29.74 +0.44* 27.55 +1.35° 26.64 +0. 42" 25.89 +1.44° 23.83 £0.09¢ 18.14 +0.87¢
SFA 157.3 £1.05">  165.41 £0.05* 117.66 +1.13¢  111.05+2.11°  106.81 £2.75"  144.95 £0.59¢
MUFA 164.85 £1.117  180.03 £0.18¢  185.36 +2.06° 189.83 +1.38>  208.94 +1.3*  176.74 +0.82°¢
PUFA 103.88 £0.62¢  99.96 +2.16°  135.71+0.01>  131.30£0.69°  141.23 £1.22*° 94,06 =1.12f
HUFA 61.09 +0.67* 55.52 £1.5" 59.64 £0.14*  52.23 £1.28°  48.97 £0.22%  38.68 +1.18°
n-3PUFAs 60.12 +0.51° 57.77 £1.41°¢ 62.43 +0.34* 58.32 +1.08°¢ 59 +0.11% 53.38 +0. 969
n-6PUFAs 40.68 +1° 39.99+0.88°  70.37 £0.22>  71.23+0.92>  80.12+1.08*  38.28 £0.43¢
SFAs/MUFAs 0.95 +0* 0.92 +0° 0.63 £0.014 0.58 £0.06° 0.51 +0.01f 0.82 £0.01°
PUFAs/SFAs 0.66 £0° 0.6 +0.01¢ 1.15+0.01° 1.18 £0.03" 1.32 +0.02° 0.65 £0.01°¢
PUFAs/MUFAs 0.63 £04 0.56 £0.01° 0.73 £0.01* 0.69 £0° 0.68 £0° 0.53 £0.01f
n-3/n-6PUFAs 1.48 £0.05* 1.44 £0.01* 0.89 £0.01° 0.81 +0.03¢ 0.74 £0.01° 1.39 +0. 03"
ARA/EPA 0.21 £0%* 0.2 +0.01% 0.21 £0% 0.23 +0.03* 0.18 £0° 0.22+0.01%
ARA/DHA 0.11 0% 0.11 £0.01% 0.11 +0% 0.12 +0.02% 0.10P 0.13 £0.01°
DHA/EPA 1.92 +0.03* 1.83 +0.13% 1.87 £0.02% 2.03 £0.15* 1.87 +0.02% 1.78 £0.14°

e RPZMSE/NT 10 mg/g WIEN R, £U45 :14:0,15:0,16: 2n6,17: 00,16: 3n6,17: 1n7,16:4n3,18:4n3,20: 0, 20:3n7,20:4n3,
22:4n6,22:5n3,22:5n6.22: 1n9 F1 24: 1n9, [l—FTHME EFFRFAFRERLERBEE(P<0.05) . WHNSHIE SFA 14 14:0,15: 0, 16:
0,17:0,18:0 #120:0;MUFAs f3#% 16:1,17: 1n7,18:1,20: 1,22: 1n9 #1 24: 1n9 ; PUFAs 3% 16:2n6,16:3n6,16: 4n3,18:2n6,18: 3n3,

18: 4n3,20:3n7,20:4,20: 5n3,22: 5n3 ,22: 4n6,22: 5 1 22: 613,

Note : The fatty acids whose content were below 10mg/g were omitted from the presented table, including: 14:0,15:0,16:2n6,17:00,16:3n6,
17:1n7,16:4n3,18: 4n3,20: 0, 20:3n7,20:4n3,22: 4n6,22: 5n3,22: 5n6,22: 1n9 and 24: 1n9. Data from different groups with different
lowercases are significantly different( P <0.05). SFAs in total lipid contain 14:0,15:0,16:0,17:0,18: Oand 20: 0. MUFAs in total lipid contain
16:1,17:1n7,18:1,20:1,22: 1n9 and 24: 1n9. PUFAs in total lipid contain 16:2n6,16:3n6,16:4n3,18:2n6,18:3n3,18:4n3,20: 3n7,20:4,

20:5n3,22: 5n3,22:4n6,22: Snand 22: 6n3.

AR 60% , il & 19.0% ) b [ il
T R PG 8L (Salmo salar) 17 J&, R B B £
T 100% B A 2 B2 50 R PG R i A K
FE R, R B 100% B B LKA BT T B
SR, DUAN 25 DL K # [ (245.29 +7.45) g H
REAR, 12 A i 57 A & IR 2 Ih B 50%
8 AR 58 2B AURDRL b 0 0 (R ARDR
K &N 66.5% , il FHE N 6.4% ) H K
wA R E R R AMA A BERE . XU
S5 AN RIZK P i g 2 AURDRE (R R ARDRE H £208)
FEHR30% , & 5. 4% ) R ERE 7 #
(Siganus canaliculatus)8 J& , & I 43I0 &3l 5
TRRLEE N 23% Fit 45% 41 iR 48 1 A K R B
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FIARRRE A 4K 3 13 W 5 A IR 3 i T 50 45 R A —
B MAREH BEARA A 100% R4, H
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Effect of partial replacement of fish oil with vegetable oil on muscle and liver
total lipid and fatty acid of larvae Larmichthys crocea

LI Sang', CHEN Chunyan', HUANG Xuxiong">*, CHEN Naisong' , GONG Xu'

(1. Key Laboratory of Freshwater Fishery Germplasm Resource , Ministry of Agriculture ,Shanghai Ocean University , Shanghai
201306, China; 2. Shanghai Engineering Research Center of Aquaculture, Shanghai 201306, China; 3. Shanghai University
Knowledge Service Platform ,Shanghai Ocean University Aquatic Animal Breeding Center ,Shanghai 201306 ,China)

Abstract: A 50-day feeding trial was conducted to investigate the effect of partial replacement of fish oil with
vegetable oil on growth, muscle and liver total lipid and fatty acid of larvae Larmichthys crocea( initial weight
0.65g +0. 11g). Six isonitrogenous and isoenergetic experimental diets were formulated. The control feed
(Group A) was formulated with 6% fish oil, whereas the other 5 experimental diets were formulated by
replacing the fish oil with 16.67% rapeseed oil( Group B) ,33.33% rapeseed oil( Group C) ,50% rapeseed
0il( Group D) ,66.67% rapeseed oil (Group E), and 66. 67% blended vegetable oil ( Group F, palm oil:
perillaoil: rapeseed oil =3.6:2.5: 1) ,respectively. Results showed that these replacements( Group B,C,D,E
and F) did not significantly influence the final weight, weight gain, specific growth rate compared with Group
A ; the survival rate of Group C, D and E was lower than Group A ;the feed coefficient had no significant
difference among the six experimental groups. Partial replacement of fish oil with vegetable oil significantly
influenced the content of muscle protein, and Group A had the lowest content of muscle protein(58.9% =+
0.41% ) ; ash had no significant difference among the six experimental groups. Though there was no
significantly influence on the content of total lipid on muscle and liver among six experiment groups, the
composition fatty acids was significant influenced. With the increasing replacment by rapeseed oil, the
contents of 18:3n3 in muscle and the contents of 18:1,18:2n6,18:3n3 in liver were significantly increased,
whereas the contents of EPA and DHA were significantly decreased. Compared with the same level of rapeseed
replaced group, the contents of EPA,DHA in muscle and the contents of 18:3n3 in liver in blended vegetable
oil group were significantly increased, whereas the contents of EPA and DHA in liver were significantly
decreased. This study suggested that replacing 66.67% fish oil with rapeseed oil or with blended vegetable oil
fed larvae Larmichthys crocea for 6weeks did not influence its growth, but reduced its nutritional value of fatty
acid.
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