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WE BHRERTSEE SR TR A LB 28 H 0:62:44:2F6:084FEA.
S fE A0 5 JIE 19 A KH(POR6 . P2R4, PAR2 F1 PORO), 7E i ACF A\ W48 o, FRFAW0 44 1A E #7(20.84+0.05) g
ty A # (Larimichthys crocea)4h # 51 d, G MU R 3IANELE, BAEE 40 Bé, #EiTE 2
A AR B A B B LA K gy s K R R R AR AR B, DA K 4 R R R
THEmE AN ET R ERER, EA LR & NFEFEHET 91%, L8 F Z 7 (P>0.05).
P2R4 4 5L f thy 45 £ K R § 2 5 T PAR2 71 P6RO 41(P<0.05), P2R4 41 5C 56 4 th & {1 Ji 0 F 28 Fn
FE BT LA R B 25 T POR6 1 P6RO 41(P<0.05), PORG6 #1 P2R4 414 t Wy L5 i 48 B % 5 T P4R2
#1 P6RO 41(P<0.05), 4 % Fn Jl ] &y fig B B 41 PR 5% 52 06 #8 BT 4% 2 18 R B9 IR Bl B8 41 Ak B9 %% 7l . PORO 1]
BB F IR T SL3b & o AT B FE A5 & B A0 B (P<0.05), BT REWH, AEaL P R%E KT8

e SRS EFHNETRILY 2: 4,
XA

hESEES S963 XHEERIREE A

WEAR & T S is A BFR , AT DL LA 4
BEAg s MAAT AR TR, & B A FRR R E 7 A 3R
(Tocher et al, 2008), Coutteau Z5(1997)WFFX £, &
i B A T K = R T LA HE fo Fn R 4 £
AR, IR S RIS RN BLRE T o AR S R
TN 1T LR 3k E.48 (Pagrosomus  major ) F1EE 7 5
(Oplegnathus punctatus)ff-ffi X )z 7 £f1 (Plecogl ossus
altivelis)z i 194 K (Kanazawa et al, 1983, 1981), X
M, A2 W i 10 75 oK i BT B B e e e o — Bk it
FEA X RN ) 7 2K 5 58 8%~12%, WX Wi 1w

KEwh e, ¥4t A#EE; £K; RAR; TR A R
XEHS 2095-9869(2018)04-0056-10

KA 2%~4%, BRI 75 2280 S Nk Big
(Tocher et al, 2008), RFFMEA~H K . Mgk, A~
T AR 7 R P it B L AA T B e A AR e, AT AT A
SRR = R i VR TR . FSR R E, LU
T8 S P SRORT TR A g X R e TR K A P R E A KR
IR R R TG B 2 5 (Bell et al, 2001; Pettersson
et al, 2009a,b), H.3ZKH 100%EEA 1R} bk £ 3 X
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M) £ A% %) i 7 PR 2H (20 8 SCA%, 2013), BRI A i
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RS FRANE , H 2 5 R 2% 78 (Caballero et al,
2002)FA K PERE T RE(EBEE S, 2007), Mk, 7Efh
AR SR A B R G R A SRR AR 25 A, BR
AT LR AR B )8 3R A VR L, 3 AT DL R FE SRR R
MRS 7T

K # ff1 (Larimichthys crocea), AR, 2T
F R IR K FRAE 2 B 25 (B, Al R
L N T RSB R i A TF e 2y, F e A e v 2
DAVKEE 2% fa R Rk, BRIRZR R UR , U5 3Bt ML,
HE— 25 TF J K 08 3R 0 o 6 T A DR I
HATEEE S, HAT, BRSSO YA K kb
i A5 8 b T2 25 B B (Zhao et al, 2013; 5558 3C
85, 2013; /MR, 2015; 224, 2015) A5
SRR SEG, PEAGTRDRE AR TR B L B v 46 R B B
UK ) SR o R B ta gl A 1 IR AN S G R

B AIRZ R, LASIAS OB a4y £ ) ) b R S i i vk
B ETH ISP NEN AN TTSESR TS CIPNT S SN
TSR EC R S5

1 #RE5FE
1.1 SEIgE

SR EDRL DLk L Ry . R SRR ROKR B
FEEAR, VAl 4 FiR A% o 5k
0:6.2:4,4:2H6:0 AR K GHENG I FVRS Hl 52
FEii) k EZRR R, o-VE B SRy 3 BRI L ) R AR
FIKF 2k 51.66% , HLIR M ZKF-A 14.30%0 4 FhEE 4.
FReMAFARRRL, fr4 8 POR6. P2R4. P4R2 Fil
P6RO, FRPEIACT FIZH 353 LR 1o fRDRHIR MR ZH B L
2,

x1 KWREBE7TRAS SRR

Formulation and proximate analysis of trial diets (Dry diet)

1Al Diets

Tab.1

JEURB Ingredient

POR6 P2R4 P4R2 P6RO

fayH  Fish oil (%) 3.00 3.00 3.00 3.00

Hifth [ 52 /84 ! The other constant ingredient (%) 91.00 91.00 91.00 91.00

We4s Kk MR 2 Concentrated soybean phospholipid oil (%) 0 2.00 4.00 6.00

K5 SR ° Refined rapeseed oil (%) 6.00 4.00 2.00 0

2043438 Proximate analysis

M Crude protein (%) 51.93 51.94 51.33 51.42

FLABW;  Crude lipid (%) 14.35 14.41 14.20 14.25

JEfE  Gross energy (MJ/kg) 20.26 20.18 19.57 19.70

TE: 12 HABRE E R (% Tk 2ok, 35.00; FfK, 10.00; 5FK, 3.005 &EESH, 9.00; KKEM, 9.00; &
#r, 3.00; Iy, 3.00; BEEAE, 2.00; o-TEK, 7.50; FEER, 0.30; MEREH, 3.00; BEEHEZHY, 0.50; CaH,PO4, 3.00;
WAk, 0.50; HER, 0.20; 24X+, 2.00
2: WA K S HENR (R AEYN 60%, B IO T2 RT el TREAGRAR
3. AEHEAI B TR
*Z UL A (IU 3% mg/kg TR : 4R A, 16000 1U; 4E4=% Ds, 8000 1U; 4iA 2 K;, 14.70; 4EA4-% B, 17.80;
44 FK B,, 48.005 4EAFK B, 29.52; 4i4F By, 0.24; 4iEFK E, 160.00; 4iEFE C, 800; MHERME, 79.205 {ZERES,
73.60; MR, 6.40; LK, 0.64; WIEE, 320.00; FALIEAHK, 1500.00; L-AHE, 100.00; #1(CuSO,), 2.00; #£(ZnSOy),
34.40; £H(MnSOy), 6.20; #(FeSO,), 21.10; Mi[Ca(10s),], 1.63; fli(NaSeOs), 0.18; 44(CoCy,), 0.24; £ (MgS0, H,0),
52.70
Note: 1: The other constant ingredient (% dry diet): Brown fish meal, 35.00; White fish meal, 10.00; Shrimp meal, 3.00;
Fermented soybean meal, 9.00; Rice protein concentrate, 9.00; Wheat gluten meal, 3.00; Spray-dried blood cell meal, 3.00; Squid
viscera meal, 2.00; a-starch ,7.50; Taurine, 0.30; Brewer’s yeast meal, 3.00; Yeast extract, 0.50; Calcium biphosphate, 3.00;
Zeolite powder, 0.50 ; Met., 0.20; Vitamin premix and mineral premix*, 2.00
2: Concentrated soybean phospholipid oil (60% acetone insolubility contained, food grade), purchased from Anqing
Zhongchuang Lecithin Engineering Co, .Ltd
3: Refined rapeseed oil was purchased from supermarket
* Vitamin premix and mineral premix (IU or mg/kg dry diet): Vitamin A, 16000 IU; Vitamin D5, 8000 IU; Vitamin K3,
14.70; Vitamin B,;, 17.80; Vitamin B,, 48.00; Vitamin By, 29.52; Vitamin B;,, 0.24; Vitamin E, 160.00; Vitamin C, 800;
Niacinamide, 79.20; Calcium-pantothenate, 73.60; Folic acid, 6.40; Biotin, 0.64; Inositol, 320.00; Choline chloride, 1500.00;

L-carnitine, 100.00; Cu (CuSQy,), 2.00; Zn (ZnSO,), 34.40; Mn (MnSOQ,), 6.20; Fe (FeSO,), 21.10; I [Ca(I03),], 1.63; Se
(Na,Se0s), 0.18; Co (CoCy,), 0.24; Mg (MgS0O, * H,0), 52.70
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Tab.2 Fatty acid composition of the diets for juvenile large yellow croaker (% total fatty acids)

*2 KEESYNEEAREEERER (%G TR)

JOi 7 R 2 1L T %} Diets
Fatty acid composition POR6 P2R4 P4R2 P6RO
Cl14:0 2.86 3.22 3.61 4.01
Cl16: 0 14.02 14.74 15.44 16.07
C18:0 4.27 4.95 5.59 6.19
SFAs 21.16 22.90 24.64 26.27
Clé6:1 5.41 6.07 6.60 7.21
C18:1 36.85 32.70 29.48 26.43
C20:1 1.63 1.65 1.68 1.75
MUFAs 43.89 40.43 37.76 35.40
18:2n-6(LA) 13.30 15.01 16.83 17.50
20:4n-6(ARA) 0.88 0.84 0.80 0.77
n-6PUFAs 14.18 15.85 17.63 18.27
18:3n-3(LNA) 4.33 4.11 391 3.70
20:5n-3(EPA) 5.03 4.95 5.06 4.95
22:6n-3(DHA) 6.90 6.87 6.97 7.01
n-3PUFAs 16.27 15.93 15.94 15.66
n-3/n-6PUFAs 1.15 1.01 0.90 0.85
LNA/LA 0.33 0.27 0.23 0.21

e S EBUNYIENIER, T C14:0, C15:0, 16:2n6, C17:00, 17 : 1n7, 22 :5n3 F1 22 : 1n9, HKH| AFH, SFAs(H
HRPE TR A C14:0, C16:0 Ml C18:0; MUFAsCEBAANMANENNM A Cl16: 1, CI18: 1l C20: 1; n-6PUFAs(A n-6
ZAEANE TR 18 £ 2-6 Al 20 : 4-6; n-3PUFAs(EL n-3 ZAMIRIAR IR & 18 1 3-3, 20:5-3 1 22:6-3; LA: Wil
BR; ARA: fE/EDUMSER; LNA WHRER; EPA: —TBRTLGEL; DHA: 1+ BRNISIR

Note: Some fatty acids, of which the contents were minor, trace amount or not detected, such as C14 : 0, C15: 0, 16 : 2n6,
C17:00, 17 : In7, 22 : 5n3 and 22 : 1n9, were not listed in the table. SFAs (total saturated fatty acids) contain C14 : 0, C16: 0
and C18 : 0; MUFAs (total monounsaturated fatty acid) contain C16 : 1, C18 : 1 and C20 : 1; n-6PUFAs (total n-6 polyunsaturated
fatty acids) contain 18 : 2-6 and 20 : 4-6; n-3PUFAs (total n-3 polyunsaturated fatty acids) contain 18 : 3-3, 20 : 5-3 and 22 : 6-3;
LA : Linoleic acid; ARA: Arachidonic acid; LNA: Linolenic acid; EPA: Eicosapentaenoic acid; DHA: Docosahexaenoic acid

SCE R R . SRR U RS, 1E 80 H
PRAETT T AR AD, A Im AR A R PR S, B
JEMAGE R ARG, SRS AR B AR 2 mm, £
24 5 mm AYRIURL ; BIURRDIHE T 105 CHERE 124k 15 min
&, S5CHET, 20 CHEMELER .

12 IHBEE5FEER

SEEG T 2015 4F 8 I H bR Ar iR R A
Al TAE R IR AL, O S A AR 2 A Y [ — it
o 7E I FRFHICIOTT, Ko i & T AR TR 7d,
S 1) v R ek A B 2 ) AR 7 R B R
AR S iR 47%, IR & R 9.5%) ik .

I BH 52 56 7F A EE AR T T SRR 3 R A XY
WK 2 A Chy B ARG SR TE S AR TR ) i AT
TG E M, 224 h 28, b Pkik s fd
M, B — BRI T - A RIFRE o ¢ 4 Bk ik

B, BAAEAR 3AESE, FIUBIA 12 2958
K. SRR 1.0m x 0.8 m x 1.5 m), M5k
3% 40 BAN AT H7(20.84+0.05) g Sz Enfa, SIB
B, RIS, [RRME 2 1R(05:30, 16:00),
FIGRSIR WA, K BAET-2h S5 i, B IF
05k SEERIHE], WX KR 23.0C~26.8C, 1k
JEH 29~31, FRAESEIAFFEL T 51 d.

13 HmRERENERNE

131 #HmA%L  FMLEITHEL, FEPLER 10 2B
1 F20CIRA, HTRIRREA AR B BT o F7 50
SCEGEE I, SIS 24 h WULER, SRTTT B
e, Geitas WA b R A% ST o DA BB H
15 B, H, 5 BET-80°CHAE, HTFHRA
M, Hox 10 BB 2 AR, fdl, s
JEFITAFIE , FRE )5 T80 CIR-A7, HIT PR BT o
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UL R ALA T80 C AT, T LA MR
BT o

1.32 A#E shkamesor kL e LA
FP I B 4307 7 < 7K 43R 105 °C AR IR AL 2% E vk
FHRK 532K FH E 3 (ISR A |l T 550°C R 1k
P E ; ORLEE R AL E X (Kjeltee 2200,
FOSS, FF22)M5E ; A 5 R A 45 - HH Bk (Lee et al,
1996) 2 ; 1Al kLE g R H 4 #L12(6200, Parr, )
7E .

1.3.3 fehrEm e TPk A LD A Y s
JRR LT R FH Wen Z5(2013) i = FaU ALl B s Tk ik ,
RES S O (Agilent-7890A Y, 26 F)IEA il
X (Agilent-5975C, 3 [E) AL 3, ARIE 37 RGN R
H R TR bR (Sigma, 47885-U)AY 44T I 1% A4 B Af ]
XA AR 1 A Sy T3S R TARME T R (NIS T
11 ORI, XFEG P B IR IR R T € M, HR I TR
THE A R R AR 5 i

1.4 HERFIHHHHEE

T (Survival rate, SR, %) = 100 x FJi{EE/

TR e A4 K % (Specific growth rate, SGR, %/d) =
100 x [In (A ARNRTE) — In (W) LR E))/52 56 KAk

14 H R (Weight gain rate, WGR, %) = 100 x (&K
TR B W) B R )/ i AR

B (Feed intake, FI, g/fish/d) = B T4 Fii5
/[ R < (WR R+ ZORBE)/2]

TR 3K (Feed efficiency ratio, FER) = ff A &
() ST T i

FE M U8 (Protein efficiency ratio, PER) = (&
ARAR ) i A )4 1 B AR A B

AU (Protein deposition rate, PDR, %) =
100 x FApREE A BRI A7 /8 F iR A &

AR TER 3R (Lipid deposition rate, LDR, %) = 100 x
FR AR 5 A 1 P i

JFA& Lt (Hepatosomatic index, HSI, %) = 100 x HF
U 5 /£ A

JIEAA L (Viscerosomatic index, VSI, %) = 100 x 4
Uk /£ AR E

JIEi# B (Condition factor, CF) = 100 x ffi{AHE (g)/
i K (cm) ?

S K DL B E PR E TR (Mean+SE) £ /R . R
J SPSS17.0 HAFxof 2% 2H 40 i A7 B IR 2Ky 22 73
(One-way ANOVA), ffj Duncan ik fT 2 E 27 0¥

PEHEE, P<0.05 B E K. RA Excel 2010 £
Bl S

2 #R

2.1 KRS M AN ST i Y BC bb 3 SL 36 fa Y A 4K AN
BEFRFIAZMm

NFE 3 FTLUE B DA o i v A S AT A
R TS, KREifagh iy SR B I mtad, (a4
8] JC i 3% 2% 5 (P>0.05), P2R4 4 (14 KARM Bt , He
SGR Hl WGR 435353 1.69%F1 142.00%, W&EHT
P4R2 F1 P6RO ZH (P<0.05), P6RO £H 1) 5246 11 7E FI Fil FER
HifIR(P<0.05). P2R4 Akt E g m 7 Icm ) PER
1 LDR(P<0.05),

2.2 K EBEAE 05 A7 it BY B b Xt SL UG A {4 28 A F0
B B B2 2H B B 2 Wi

ML TA WTUAE Y, ARk b ok G AT A SR
(4 TIE b X 4 UL PR Hh R B P G I R T
(P>0.05), {H PORG ZH falAsh {5458 Jin 17 S 6 £ A ) 4L
HEAFE(P<0.05), ME 1B ATLE H, kR 2wk
JUE I R SRR I 4 T L XTS5 6 £ R B D 1 A W
M) (P<0.05), 755 Bic LL A% i B Vil RS2 FF 1 (P4R2 1 P6RO
)RR T A AL BRI 7 5 & (P<0.05) 5
P6RO 41 PN I H ML B 0 ) 7 & K T HAb 45 4
(P<0.05), M 1C ATLIE, BE AR #EAR R
MM T mE, SfafrKksgE Ll ELER
(P>0.05), LA PN HIE Y 7K 235 dit fi 35 T (P<0.05)
Ak i B o AN ST I A T H X 4 e L ALPR AT P R
P B 53 B TG e 3552 T (P>0.05) (] 1D),

NFE 4 FTLUE H, BEE DAL b R v A S AT A
LT, A AILA R IR ITRZL T SFAs 1 n-6PUFAs
() L 9] i 2 T+ 5 (P<0.05), MUFAs il n-3PUFAs f¥ Lt
i 2 FR#AL(P<0.05), e ANLAH A EPA 1 DHA
F14) B 5] Bt 2 ) ek e B i 3ol AR SR Sk 5 B 18 T i
[ (P<0.05).

23 KEBEHMMIEFFHMOEILILIEER HSI.
VS|, BFRERERA & =F0 CF IS0

L2 T LA, B Ak bl i v SRR ik e
)T, SEgefafy HST, VST, AFAENG G & & Al CF
B e e o A A SEgR iy HSI A VSI 321
Ak HR B ST A SR L R IR 3 (P>0.05) (B 2A
] 2B). PORO frlkt i S5 REAR 1 S50 £ 4 FHF AR 15 5
1 CF(P<0.05) (K 2C. K 2D).



60 ook B

2 )R %539 %

F3 KEMBEMAAT MK LR e ERINEFZH AR E

Tab.3 Effects of the ratio of soybean phospholipid oil to rapeseed oil on growth performance and nutrient utilization of test fish

F8 45 Indies ikt Diets
POR6 P2R4 P4R2 P6RO

WA AT Initial body weight (g) 20.88+0.31 20.83+0.22 20.71+0.56 20.92+0.38
LA KT Final body weight (g) 45.07+0.85% 50.33+3.14° 42.93+2.29° 41.30+1.29°
TEI% &R Survival rate (%) 91.67+3.63 94.17+2.21 93.3343.00 95.83+0.84
R 4 KR Specific growth rate (%/d) 1.48+0.03% 1.69+0.22° 1.40+0.05° 1.31+0.34°
4 H % Weight gain rate (%) 116.00+2.88% 142.00+16.50° 107.33+3.83° 97.67+3.83°
A& Feed intake (g/fish/d) 0.50+0.01° 0.50+0.02° 0.46+0.01% 0.44+0.01°
TR Feed efficiency ratio 0.96+0.07% 1.13+0.09° 0.95+0.04% 0.88+0.03"

7 F 3R Protein efficiency ratio 1.65+0.02 2.0240.20 1.68+0.12 1.630.06
T 1 B UUH R Protein deposition rate (%) 26.56+1.05° 32.59+2.67° 27.41%1.65% 26.34+0.59°
RE I TR 3R Lipid deposition rate (%) 50.48+3.12° 74.47+6.21° 49.29+5.09° 50.48+3.12°

TE: AT BUEAT A AN R B AR 7 B 278 22 53 .35 (P<0.05), T 1A

Notes: Horizontal column values with different below superscripts indicate significant difference (P<0.05), the same as below
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3.1 fE# X EHERE i A0 SAT i A BS L Xt A K F1 4R

CEEIDEL: kA

AHFGE RN, £ ALBRAL ] SR Jo i 22 5%
H Y e 4 R S BERR I A I L& T 20 4 B,
S A ) WGR . SGR Al FER i Z F&AI% . #i4lE WGR |
SGR #l FER 13y, KB &)yl bl vh vk 46 K 5 w5 A

16 p  EPOR6 EAP2R4 OP4R2 EP6RO
14 | .
L ab
< 12 ab -'E .
% 10 F aa T
9= L a s
= "o 8 a b b
%'g 6 F b b
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TR G AT R SRR R ) TC L Yo 52 256 7 A 26 6 ) 5% T
Effects of the ratio of soybean phospholipid oil to rapeseed oil on body composition of test fish

WA MBS E B BC LSy 2 @ 4. Carmona-Antofianzas
ZFQO1SWFFT R, M7 18 41 A By P R4 85 g
AR, PR 2R 0 e A0 Wi R LA 2R FRHE 0 Y 1IE A
KER. MEMKERET, HA BN EEEEZ
W A B BRI EDRL B B Y T oK a2 T
Ko MAUESEQ2014)WFFE R, & R KR
AN 0 _ETFE) 12.00%, K k@I IRE N
3.86 mg)iy SGR W& THE: X THIRIKER 7.36 g
MR B A, BEAE R R G R IR A it 0 Tt
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T4 KEHEREHMFNFON A0 EC b X ST & £ FO AL A AR A R 4R A B R (% B T R)
Tab. 4 Effects of the ratio of soybean phospholipid oil to rapeseed oil on fatty acid composition of whole body
and muscle of test fish (% total fatty acids)
e B R 4 4>1fi Whole fish body LA Muscle
Fatty acid
composition POR6 P2R4 P4R2 P6RO POR6 P2R4 P4R2 P6RO
Cl4:0 2.7740.01°  2.76+0.05°  2.95+0.04°  3.13+£0.05"  2.67+£0.05° 2.75+0.06" 3.01+0.02°  3.15+0.09°
C16:0 14.99£0.20°  16.21£0.39" 17.34+0.11° 17.21£0.07*  14.67+1.10° 15.13+£0.84° 16.19+0.19" 17.01+0.45"
CI18:0 5.76+0.30°  6.28+0.29° 6.80+0.27°  7.05+0.42"  5.75+0.18° 6.27+0.32° 6.10+0.09" 6.62+0.28"
3 SFA 23.5240.10° 25.26+0.33" 27.09+0.19° 27.39+0.31° 23.08+0.92" 24.15+0.66° 25.30+0.26" 26.79+0.08"
Cl6:1 7.54£0.16°  7.40+0.10°  8.05+0.12° 8.39+0.14°  7.60£0.16 7.61£0.16  7.93+0.18  8.20+0.29
Cl18:1 31.70£0.19*  31.09+0.57* 28.86+0.09° 25.13+0.14° 32.81+0.17* 30.86+0.31° 29.42+0.18° 25.36+0.08°
€20:1 1.90£0.04"  1.69+0.05°  1.50+0.02°  1.50£0.06°  2.20£0.09" 2.13+0.03"  2.09+0.03*  1.92+0.01
IMUFA 41.1420.11°  40.18+0.46" 38.40+0.16" 35.02+0.25° 42.62+0.32% 40.60+0.32° 39.44+0.10° 35.48+0.39°
18 :2n-6(LA)  12.43+0.14% 14.14£0.22° 16.01£0.25° 17.78+0.09° 12.59+0.13¢ 14.21£0.17° 16.36+0.21" 18.48+0.57"
20 : 4n-6(ARA) 1.04+0.01°  0.93+0.03"  0.84+0.01° 0.90+0.03"  0.93+0.02° 0.91+0.02" 0.81+0.02°  0.83+0.01
¥n-6 PUFA  13.47+0.13% 15.08+0.21° 16.86+0.26° 18.68+0.11° 13.52+0.15¢ 15.12+0.17° 17.17+0.19" 19.31+0.58"
18 :3n-3(LNA)  4.35£0.09°  3.89+0.10°  2.97+0.02° 3.18+0.04°  3.47+£0.07° 3.39+0.07° 2.56+0.01"  2.60+0.03
20 : 5n-3(EPA)  4.60£0.09"  4.01£0.20° 3.91£0.05° 4.05+0.10° 4.02+0.11° 3.83+0.09" 3.65+0.14°  3.72+0.03"
22:6n-3(DHA) 6.94£0.07"  5.92+0.24" 537+0.07° 5.74£0.14"  7.53+0.14" 7.124012°  6.64+0.23"  6.93+0.04"
Tn-3 PUFA  15.89+0.15" 13.84+£0.55" 12.25+0.11° 12.97+0.27° 15.03+0.30° 14.34+0.27" 12.86+£0.36" 13.26+0.04"
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Fig. 2 Effects of the ratio of soybean phospholipid oil to rapeseed oil on hepatosomatic index, viscerosomatic index,
liver lipid content and condition factor of test fish
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Suitable Ratio of Soybean Phospholipid Oil to Rapeseed Oil in the Diet
of Juvenile Large Yellow Croaker (Larimichthys crocea)

YAN Chunwei', CHEN Naisong'** Y LI Zigiang', LIAN Xueyuan', WANG Mengle'

(1. Research Center of the Agriculture and Rural Affairs Ministry on Fish Nutrition and Environmental Ecology at Shanghai
Ocean University, Shanghai  201306; 2. National Demonstration Center on Experiment Teaching of Fisheries Science at
Shanghai Ocean University, Shanghai  201306; 3. Shanghai Engineering Research Center of Aquaculture, Shanghai  201306)

Abstract Four isonitrogenous, isoenergetic, and isolipidic diets with varying ratios (0: 6,2 :4,4:2,
and 6 : 0) of concentrated soybean phospholipid oil (P) to refined rapeseed oil (R) (POR6, P2R4, P4R2,
and P6R0) were formulated to determine the suitable ratio of soybean phospholipid oil to rapeseed oil in
the diet of juvenile large yellow croaker (Larimichthys crocea). Each diet was randomly assigned to
triplicate sea floating cages of 40 fish [initial body weight (20.84+0.05) g]. Fish were fed to apparent
satiation twice daily (5:30 and 16:00) over 51 d. The results suggested that the survival rates of tested fish
were higher than 91%, with no significant differences among treatments (P>0.05). The special growth rate
was significantly higher with fish fed P2R4, compared with those fed P4AR2 and P6R0 (P<0.05). Higher
lipid and protein deposition rates were found in P2R4-fed fish compared with those fed the other
treatments (P<0.05). Contents of crude protein in whole body and muscle were not significantly affected
by the ratio of soybean phospholipid oil to rapeseed oil in diets (P>0.05), but were significantly higher in
the viscera of POR6-fed fish compared with the other treatments (P<0.05). Concentrations of crude lipid
in the whole body of POR6- and P2R4-fed fish were significantly higher than those in P4R2-and P6RO-fed
fish (P<0.05). The fatty acid profile of the whole body and muscle was similar to that of the fed diet. The
ratio of soybean phospholipid oil to rapeseed oil in diets had no significant effect on hepatosomatic index
and viscerosomatic index (P>0.05). The P6RO diet significantly reduced the liver lipid content and
condition factor of test fish (P<0.05). Under the conditions of this study, the suitable ratio of concentrated
soybean phospholipid oil to refined rapeseed oil in the diets of juvenile large yellow croaker was 2 : 4,
based on growth performance, body composition, and fatty acid composition.

Key words Soybean phospholipid; Rapeseed oil; Large yellow croaker (Larimichthys crocea);
Growth; Body composition; Fatty acid composition
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