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Table 1 Formulas and proximate composition of the experimental diets (dry matter) /%
JE B} Ingridients F8 S8 F12 S12 Fl16 S16

4} Fish meal® 42.00 42.00 42.00 42.00 42.00 42.00
KW H Soybean protein concentrate® 17.94 17.94 17.94 17.94 17.94 17.94
/NFZ #y Wheat flour® 8.00 8.00 8.00 8.00 8.00 8.00
2Bty Wheat gluten meal® 10.40 10.40 10.40 10.40 10.40 10.40
4% Cellulose 9.05 9.05 5.05 5.05 0.95 0.95
HiM Lysine 0.25 0.25 0.25 0.25 0.25 0.25
FEH S Methionine 0.16 0.16 0.16 0.16 0.16 0.16
3yl Fish oil 3.20 0.00 7.20 0.00 11.30 0.00
il Soybean oil 0.00 3.20 0.00 7.20 0.00 11.30
KB IS Soybean lecithin 2.00 2.00 2.00 2.00 2.00 2.00
Wl — 45 Ca(H, PO, 1.00 1.00 1.00 1.00 1.00 1.00
FALARFE Choline chloride 0.30 0.30 0.30 0.30 0.30 0.30
R % Taurine 1.00 1.00 1.00 1.00 1.00 1.00
YA EWIR B Vitamin premix® 2.00 2.00 2.00 2.00 2.00 2.00
B4 R R FE Mineral premix® 1.00 1.00 1.00 1.00 1.00 1.00
k45 Calcium propanocate 0.05 0.05 0.05 0.05 0.05 0.05
CEFEERR Ethoxyquin 0.05 0.05 0.05 0.05 0.05 0.05
BH5BER Attractant? 1.00 1.00 1.00 1.00 1.00 1.00
W BR 4 Sodium alginate 0.50 0.50 0.50 0.50 0.50 0.50
ZEATEL Y205 0.10 0.10 0.10 0.10 0.10 0.10
TEBEE 4343 BT Nutrient contents

JEBERE Gross energy 17.70 17.70 19.20 19.20 20.74 20.74
H&E G Crude protein 50,04 50.04 50,04 50.04 50.04 50,04
FEARM Crude lipid 8.03 8.03 11.99 11.99 16.05 16.05

T ChIAE R AR A &L LR, P ED B R 66. 8% JHASHT 5 8% RUWREEM : (LIFEYRHEARAE . ILHR. FE HHEH 67. 1%,
HBERY 1. 4%0; /INEM (BIF MBI SAARA T LA, R ED B[ 14. 6% HBERE 1. 3% RFH: (bFREYRHEARAR. LK, hED HEEHR
80. 320 HLARAY 1. 000 P4 R BUREL (me/ke 1AUED (4RE TR A.32 me: 454 R D.5 me: 44 R E. 240 mg:; 4i4E R K. 10 me; 4i4E R BL. 25 ma; 4i4ER
B2,45 mg; 44 R B6,20 mg; 484 3R B12,10 mg; {2 BR45, 60 mg; MR, 200 mg; MR, 20 mg; EHFR . 60 mg; JlLEE, 800 mg; Ve BEERER, 2 000 mg;© H4)
FEFRE (mg/ kg FED : MgSO4-7Hz 0,1 200 mg; CuSO,-5H20, 10 mg; FeSO,-H: 0, 80 mg; ZnSO,-H: 0, 50 mg; MnSO,-H: 0, 45 mg; CoClz-6H: O,
50 mg; ILARERGY . 20 mg; BERES . 60 mg; ¢ L ATEEN: ISR, : —H RIS - &R WER : S BRIEE—4:2:2:1: 1),

Note: 2Fish meal: (Great Seven Bio-tech, Shandong, China), with crude protein: 66. 8%, crude lipid: 5. 8% ; Soybean protein concentrate: (Great Seven
Bio-tech, Shandong, China), with crude protein: 67. 1%, crude lipid: 1.4%; Wheat meal: (Great Seven Bio-tech, Shandong, China), with crude pro-
tein; 14. 6%, crude lipid: 1. 3%0; Wheat gluten: (Great Seven Bio-tech, Shandong, China), with crude protein: 80. 3%, crude lipid: 1. 0% ;®Vitamin
premix (mg/kg diet): retinol acetate, 32 mg; cholecalciferol, 5 mg; tocopherol, 240 mg ; vitamin K, 10 mg; thiamin, 25 mg; riboflavin, 45 mg; pyri-
doxine-HCl, 20 mg; vitamin B12,10 mg; pantothenic acid, 60 mg; niacin acid, 200 mg; folic acid, 20 mg; biotin, 60 mg; inositol, 800 mg; ascorbic
acid, 2 000 mg;® Mineral premix (mg/kg diet) : MgSO.-7H; O, 1 200 mg; CuSO.-5H;0, 10 mg; FeSO4-H; O, 80 mg; ZnS0:-H: O, 50 mg; MnSOq-
H; O, 45 mg; CoClz-6HzO, 50 mg; sodium selenite, 20 mg; calcium iodine, 60 mg;¢ Attractant; (Betaine : Dimethyl-propiothetin ¢ glycine ¢ alanine
: 5-phosphate inosine= 4:2:2:1: 1),
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B A2 RN I L 80 H I MR » 2R JE %
P EELT g R R R N B R BB IR G
A7 WS KRR 52 IR A TR 8 3 R S i AR SE IR D
5 ¥ TR 2 1 5 R 0 B Y e S R B 38 50, R
JE B REBE I AR 30 Yo iR R B R MK IR A) BB K S
FRIFEAIRS) . FRHEURL (3 mm X4 mm) dy kAL
B RIEHE 55 °C B KU T 12 h, Rt kpiuioR:
TR A IS FASUZ B RS 4 JF 3 1 R 74 — 20 °C
UKFETP AR
1.2 RFEEE

LEAET S FK A RA R QLR 5D i
5. KEE0FLfa SR8 ) 3K, 76 3L 50 1 I ai H FIk
TRk 3 2 JH, i 40 35 N FRFE R B . K IR R R R
(13.01=£0. 01) g A&l Pkt R FEHLA 3 18 4 FR 5K
R A FREEAE 30 BB, SR BT AN K &5 nhuE
HUBJE LA 15 L/min (3BT A SRR . B0 R
BB A 3 AFEATHE AL . &K 700 F119:00 #E4T
TE AR R (B SRR 100 5 2 R — kR
BRI AR A R R R R, BRI R T
o FRFASEERIEAT 56 d.

1.3 HAkE

FRFA LI AU S TURAL B 240, 0 S B FRFEAE N
R, PRS- REA N A SRR R, S
MLk 4 B A AAEAE —20 “Cuka o A AT (R B 4345
r. WEAFRFEM B 4 R Aa, B iR p BT 5 . LA
HHWARLE . S P L E 2 B2l & A5
R NI R IR E S, BUF IR R
R FARATAE —80 “CukF - T2 B A7
1.4 EHH

BT E T 105 °CHUAe Hopt 2 fE 3 DA 2 7K 4
FHLEE 109 W 8 58 2T LR A (Kjeltee TM 8400,
FOSS, Sweden)., >k H & K ## HU %k (Buchi 36680,
Switzerland) H 2 Bk HEEUS W & ARG
1.5 BrAEREAh & 2 R A8 R BR 4R A,

RO R P B T 2 TR A0 R R AR A R
T4, FREL 100 mg (FE ST 10 mL BEES .G L i
SRR R wo AR IR 5 s B B R
IMAEA- PR (A « WEE —2 ¢ L. AR
BRI A mL S ST PR 24 h, 75 °CF
TS5 S — B B B 0 B E E L, IR IR2E ARSI
0.001 g, ook N &L TR w, MX NS . BE
- EA WA 6 mL, 5.0 (3 000 g, 10 min) , FK
B ASE B O TEVE I 2 mL &
HESAW T 5 2 h B0 (3 000 g,10 min); FHEHR
U5E N a0 . A2 BIEWRF A L 2 mL 1. 6%
) CaCly . #2857, 36 b i P, o RE i e

NOFL EEW RS OEE T 75 R TR
fHE  FIRKIRE AL 0. 001 g 303 FRE w,. &1
FERPIER . BRI & &= (w, —w1) /wy X
100%.

R0 PR v B 7 R = R AR < R A 2
R T8 TEBR R TP 70 43 BE 4, PRI 100 mg A2 AT AAE b
T EEAY 10 mL ZIEE . A 1 mol/L ) KOH-H
g 3 mL,F 80 “C KB INF 20 min, & &40 ; 7
JIA 2 mol/L HCIFH BV 3 mL,1R5), T 80 ‘CHysK
WA 20 min, BCER A IIEC B8 1 mL, iR %
B, B 05 2 05 BB AR 2R L SO
1% ( Agilent Technologies Inc., Santa Clara, Califor-
nia, USA) 73 #7145 it B 7 B2 20 B 1) ek B 7 1% 2 A I
2,

R2 PRPIEMBRIEAR(BEHER)

Table 2 Fatty acid composition (total fatty acids)

of the experimental diets /%
it AEFHZH Treatments

Fatty acid F§ S8 Flz2 SI2 Fl6 Sl6
14.0 4,38 0.78 542 0.64 6.23 0.45
16.0 18.21 14,73 18,97 13.58 19.47 13.03
18.0 4,70 451 455 472 468  4.79
20:0 0.45 0.43 0.50 0.41 0.50 0.42
2SFA 27.74 20,45 29.43 19.35 30.87 18.70
161 5.68 1.42  7.55 1,02 843 0.83
18.1 12.67 1824 12.41 20.49 12.27 20.75

> MUFA 18.35 19.66 19.96 21.51 20.70 21.58
18:2n-6 14.66 34.35 10.81 38.71 837 41.22
20:4n-6 0.89 046 1.03 0.35 1.06  0.26
>n-6 PUFA 15,55 34.81 11.84 39.06  9.42 41.48

18.3n-3 1.57 403 1.36 4.77 1.17 523
20:5n-3 5.66 161 747 1.21 8128 0.91
22:6n-3 5.43 319 6.20 2,17 6.32  1.68

>n3 PUFA 12,56 883 1504 815 1578 7.81
> SFA/>PUFA 0,99  0.47 1.10  0.41 122 0.30
n3/n-6 PUFA  0.81 0.25 1.27 0.21 167 0.19

1.6 RNA 2EXfIERESE PCR

BFBE B RNA 2 B/ Trizol i 7] & (Invitrogen,
USA) $72 3, $2 B BEFE @ b iy B RNA, 2R FI
PrimeScript™ Sz %% sl &K $ HUR RNA S8 5y
cDNA, J#EatE# cDNA A3 )% 3 F DEPC /KH#
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FE% 80 pg/uL MR BT 20 CRAFE . FIFIE
A H R B AL Y B ARG 58 W) 0TS 2 AR o (Peroxi-
some proliferator-activated receptor alpha , PPARa) |
A 5 R b Bk 5% 32 W6 1 (Carnitine palmitoyltrans
ferase I, CPTD) BERSERBEIRILER 1(Lipin D 5L
YRR I Y MG S2 K v (Peroxisome proliferator-ac-
tivated receptor gamma , PPARy) |\ JEFE F NG WE (Lip-
oprotein Lipase . LPL) Jf X ZAK(Liver X receptors .,
LXR) BN T la(Elongation Factor -las EF1a)

SR HIG S, 51 )P 5Nk 3 s, & & PCR
Btk & 25 pL, Hid 12,5 L SYBR. Premix Ex
Taq™ 0.5 uL | F#51# (10 pmol/L) . 3L, <DNA
9.5 pL f DEPC 7K, & &AL &R R S50 7 PCR X
(Mastercycler ep realplex, Eppendorf, Germany) ., 5Z
At E =R PCR AR N 95 CHrEl 2 min; 95 CHpgk 15 s,
B ERESE 15 5,72 CRpaL 20 s, it 40 MHEF.
RENSHEE N CT M, FF MR 27 e B 2 H
UES7e

£33 KEHEHREGEXERIMNESR PCR Y

Table 3 Real-time quantitative PCR primers for fatty metabolismrelated genes of turbot (Scophthalmus maximus 1.)

B #EE A Target gene E S Forward(5”—3%) KA Reverse(5”—37) K- F# Size/bp
PPARq CGATCAGGTGACCCTGTTAA TGGAACTTGGGCTCCATC 171
CPT1 GCCTTTCAGTTCACCATCACA  ATGCGGCTGACTCGTTTCTT 113
Lipinl AGGACGCTGGTGGTTCTCG  CTGTCCGCTGAGGTCATAGTG 113
PPARy AAGTGACGGAGTTCGCCAAGA  GTTCATCAGAGGTGCCATCA 121
LPL CTCCCACGAACGCTCTAT GCGGACCTTGTTGATGTT 166
LXR GCGTCATCAAGAGTGCCC ATCTGATTTGCTCCTCCGAG 153
EFlq TCATTGGCCATGTCGACTCC  ACGTAGTACTTGGCGGTCTC 226

1.7 HE 5%t o

REEHR R Fr e A RKRE W ESFESHU T A
AITHE

TG (Survival rate, SR) = (& B/ ¥ 1H &
B X100 % 5

1 2 (Weight gain rate, WGR) = (ZAK R & —
IR /WA AR BT X100 5 5

R E A K B (Specific growth rate, SGR) = (In &
PR — In GRS /S50 KA X100 76 5

A3 5 (Condition factor, CF) = 2R F & (g) /&
3 (em) X100% ;

B8 L (Hepatosomatic index, HSD = TP (g)/
PR (2) X100 %45

JEA#R L (Viscerosomatic index, VSD = N (g)/
PR (2) X100 %,

ARG A SPSS 19. 0, Fdl R ARNEA R
T i (ANOVA) AT Tukey #i8e. 4 P<2 0. 05
RUEA B &R, B DO E S hrfiiR 23R
N o

2 4t
2.1 AR R AR BSR K E RS R B RS A K S

A
SR A A KRR N 4 BT . B RS

AKF AT = LA KRR 17 5 7 2 R K2 B 4l £0 Y A2 T %
SRIBEHEEBELEF(P>0.05), HREAKKRE
(FBW) &R (WGR) e A KR (SGRO M 1T 2
T (P<0.05), FBW,WGR 1 SGR #JFifi) ki
Wi ACE g T BT, B S16 40 R i F S £t
T AR T S FBW, WGR I SGR 423 Rl (P <<
0.05), FEF A AL B4 v, F16 411y FBW, WGR Hi
SGR BT H At 440, S16 A%, (H5 F8.S8 414H HL ik
FRE2ER(P<C0.05),F8.S8.F12 fil S12 4l [E %A
WEZEF(P>0.05).1/H F8. S8 #15 F16 LA . &2
(P <C0.05),F12 #1 S12 AN B B EX R (P>
0.05),

SO A W B (CEF) AR L 48 2 (VSD A i
A (HSD 45 53R 5 B , B 1 RLAR i 77 1
TN RZE B A 1L 48 B0 (VSD FATAK L 48 50 (HSD ¥4
FFEFIFEH AT BEFZE S (P<0.05), {H LW &
(CPO&A 225 5 2 550 (P >>0. 05) ; T 76 S & 1L
TRk ) T FE . R A BL 38 B CVSD FHE R B 38 2L
(HSD %A 32 F) 500 (P =>0. 05) BN BE (CE H 31 T
I EE R (P<0.05),

2.2 AR R A E R AA 7K E A AR BB X K R AR T
AEA

X AR BT () K5 O AR AT T 4 T AR

AR o RLE L RS T . 25 RINE 1 PR, FiE
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Table4 Efec7ofdie7arylipidlevelandfishoilreplacedbysoybeanoilongrow7hparame7ersofjuvenile7urbo7
e ?ﬂffﬁﬁiﬁ% é@_ﬁﬁﬁi DAk i%% _ %‘#ﬁi%—?— T
Trea7menTs In||-albody Flnfalbody Weigh7gain Specific SuQuivalQate/%
weigh7/g weigh7/g rare/% growth rate/% « d'l
F8 13)01-£:0)01 60.80+0.33) 367)72+2)50 2)76+0)01b 93)33+3)33
S8 13)01-+:0)01 C26240.634 352)09+5)01ab 2)70+0)02:b 98)89£1)11
F12 13)01-£:0)01 61.84:+0.86tc 375)67+6)57h 2)79+0)03h 100)00£0)00
s12 13)014-0)01 61)82:£0)98k 375)57+7)53k 2)78+0)03h 98)89+1)11
F16 13)01-0)01 64)84:£0)35¢ 398)77+4)65¢ 2)8720)01Lc 96)67+3)33
Si6 13)01-+-0)01 56)87+0)72a 337)6245)62a 2)64£0)02a 100)00£0)00
TR RIE YRR E/ NEERFROR A RS B3 (EVO. 05)
Note:Significant differences are indicated by different superscript alphabets in each column (EVO. 05).
S AEHBAYZES(E>0. 05) M A hE A fd e &
K Sy M E B AR & 89 AT N E A
Table5 Efe6tofdietarylipidlevelandfishoil e (E=>0.05) - {EFTE AR F8LHR /KLY

laced b b il on hepat tic index (HSI), == e o= = N 5z
replaced by soybean oil on hepatosomatic index ( ) S EEE F1640/K 52 Bl H &4 G B

vscerosomatcDndex (VSI)and 32 (E>0, 05): F16ZHAYISH & B e 5 S16414H

condition factor (CF) of juvenile turbot 1% . o o
BT WELE — EbE A EE 727 (E>0. 05),[HEEm T HAMEA
wEm o consition (E<<0. 05), F8LIATHENT & R (S, BEET HAi AT
[ i
TQeatments PO VISCERD et (P<0. 05), SBLAAHY & (X7 T 8L BHET
F3 0)90£0)06a  4)07+0)0%  4)600)07a HAth4H(E<<0. 05) ,F12  S12F1S16H ISR & B
P>=0.05):F1244 /" S S124 1%
S8 1)02:0)08a  3)85:0)22a  5)19.40)161 TR ) \Hmﬁf R HATE
1)08:0)08 4)1420)11 4)77:0)15 Ha 8l HEHEEA BE2Z5(P>0 05)
+ +0)11la +0)15a . e
Fi2 ? 2.3t R R R /K PRI RE R TR A ZE G AT RERE
F16 1)27+0)07y  4)80z0)09  4840)12a SIS A AT RERERG = A E 2F 7~ - RZEEERFIE
s16 1)28+0)0%  4)59+0)18  4)97+0)17 Al & BB TR R KPR T s I B TP <
5Y) [E0 SR EyEA g S N SR
A RAE S PR EV NS E R A EZE R B (EVO. 05) ) FIRT SRV (LS [iTj%:HEFEjZE:_E;L%ﬁ?
No7e:Significan7diferencesareindica7edbydiferen7superscrip7alpha- EFH(P<0. 05), SI6ZHAVAT It & B, BE S
bets in each column (EV 0. 05). THASAEIZH (P<<0. 05)  HZZES1240 2.3 = T

A4 (P <0.05),S8FIF164 7= =N B (P >

FTRAS I T PR T ELE D% .

#5H(E>0. 05) Bl & i LFH(E<0. 05) & &

” (@ d (O
78
76
74
72
F8 S8 F12 S12 F16 S16 F8 S8 F12 S12 F16 S16
(A 26 Treatments INEE 4 Treatments

(FEl—E R E NG FREF R4 B 2= 5 B2 (P<0- 05) - Significant differences are indicated by different superscript alphabets in each chart(P<< 0. 05),)
T FAP A 7K PRI O R Z2 4 4H T s

Fig.1 Effect of dietary lipid level and fish oil replaced by soybean oil on whole body composition of juvenile turbot
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#HASHG Crudelipid

B OlFudn o

$EHE

F8 S8 F12 S12 F16 S16
IhFHER Treatments

(F—ERE/NEFEGFRIRH E 2R BE (P <0. 05) - Significant
diferencesareindicatedbydiferentsuperscriptalphabetsineachchart
(P<0.05).)

21 R 7K AT H S A R ZE AT AR T = = A 520

Fig.2 Effect of dietary lipid level and fish oil replaced by
soybeanoilonthelipidcontentoftheliverinjuvenileturbot

REERERT LIRS e 4L A 6T - FERER 1
FIFS Bl (Saturatedfattyacid, SEA)Y & SR 1

RERR 7K S A A A2 AR B T (P <
0. 05),n-6 4511 % AR 1 FIFEHEE(n-6 Polyunsaturated
fatty acids,n6 PUFA)1& &2 2 1 TakHERE K SEF =
SR RAVSEERZ I A2 A SRR 34H T Hn6
PUFARY & ERERERKFaYF & T (P<<0. 05) 1]
FAHE(LE )n6 PUFAR & B2 (LA NIFE
(P <<0.05) - — -t 71 k% (Eicosapentaenoic acid,
EPA) F1 =+ " hE 7N )7%Fi% ( Docosahexaenoic  acid,
DHA) A 2 EI TSR /K8y B2 520 (P ) 0. 05),
B H B USEPARIDHAS E BE MEE(P<
0. 05)
2. Afaet R B RERG 7K SERIRE B TR AR ZE ST AT AR
RGHERERF AT

AN PR A TR R AR A AR SRR AR T R A &
YNE 3T - Lipzn 1 MILPLAYZR A &8 WEE Tk
AERRZKEA SR RV b &4 BEIZER(P +
0. 05) {H/Z 1A BN SR AETH MED
% - Lipinl A8 5= H AR F162H (R H BIAE
F122H F124HL PLERIA B i = S124FRIAE R

S
Table 6 Effect of dietary lipid level and fish oil replaced by soyb(ean oil on )the fatty acid
composition ( total fatty acids) in the liver of the juvenile turbot %
AR
Fazyacid F8 S8 S12 F16 S16

14:00 469+0.11 2.42+0.34 5.82 +0.144 144+ 0248 4.87+0.32d 0.80+ 0.052
16200 17.32+0.1 15.4+ 050/ 19.68+0.41¢ 14.01 +0.30% 16.05+1.04k 12.53+0.132

18:00 4.07+0.02 3.33+0.12 4.36+0.05 352+0.19 3.57+0.43 3.36+0.11

20:00 0.24+0.00 0.17+0.01 — 0.16+0.03 0.32+0.00 0J9 +0.02
>SFA 26.09+0.04 21.16+0.74 20.72+0.41 19.07+0.64 24.59+1.88 16.89+0.16
16:01 5 88+ 0.20¢ 2.47+0.25) 7.23+0.204 1724012 7.71+0.19 1.3+ 00

18:01 16.07+0.08 20.80+0.46 13.49+0.07 19.56+0.96 16.46+0.21 2#.29+0.59

>MUFA 21.79+0.27 23.27+0.30 20.72+0.13 21.18+1.08 23.96+0.14 22.52+0.60
18:2n-6 14.58+0.91b 34.80+1.78: 10.94+067"  36.72+1.35¢ 6.34+0.86a  A4#.04+0.74d

20:4n-6 1.58+0.09 0.36 +0.06 1.5440.07 0.29+0.01 1224011 0.18+0.01
>n6 PUFA  16.34+1.63: 35.18+1.68: 119540435  38-34+0.39u 757 +0.60s 4#.2#+0.734
18:3n-3 0.95+0.02 3.05+0.11 0.71 + 0.05- 2.96+0.04c 0.67 + 0.001 3.65+0.074

20:5n-3 3.36+0.18 0.70+0.14 4.23+0.05 0.52+0.05 3.60+0.40 0.40+0.01

22:6n-3 6.06 +0.48 2.73+0.35 7.29+0.08 1.70+0.13 5.54+0.80 1.08+0.05

>n-3 PUFA  10.37+0.66 5.99 +0.31 12.26+0.19 5.20+0.23 9.52+1.39 5.13+0.06
DSFA/DPUFA  1.04+0.02 0.61+0.07 1.24+0.07d .43+ 0.02 1.46+0.06¢ 0.37+0.01
n-3/n-6 PUFA  0.68+0.06t 0.20+0.01 1.04+0.05 0.13+0.01 1.25+0.0% 0.12+0.00:

A RE AT AR NS EFORARIE R B (P<0. 05)
No7e:Significan7dif erences are indica7ed by dif eren7superscrip7alphabe7s in each horizon7al row(P< 0. 05).
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TR SN R ZEEEAY AR K2 R R S22 1]
FHIER 7K A E16%0] A K HEL T EZHY T (P<
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o EE STEIRAVE LT L2%H5H5 /KA SOl ZH AT
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VEE TaitRE A 7K SIS h » R ZE AR (AR EEFE %
(VSOFIFHALLIERL(HS DS HE AT LA I T B3
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A TUARH 577 45 5 B EAR K o 32 T RHE R 7K~ Y
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)5 <k fiff(Sparus aurata))ses =5 #iRfill(Caras-



10 44 WL, B AR P BN R AR MR X K2 6740 f A AR o 33

stus auratusgibelio) . K W i (Leiocassis longirostris
Giinthe)™™ 5T 45 F A — 20 T 590 =8 A0 A ik
HLAR T B & R B 22 R (P>>0. 05) ,iX 54
BRI 45 A — 50 ik A BRE 2
FNRDEHAE W AT AL 4 B 5 i (P =>0. 05) . 3%
SR A A A —E N X BB R RS K OF
FNELIA A 2> 2 355 i 2 1 e R 22 B4R Y A 0T
o

T AR 5 7O RS R A 0 S R e TR
B HTFRERE 17 & B (P <C0. 05) : B 25 18] R} g 15 7K K 7 7
. REFIFMRE S EEETEEMN LI (P <
0.05), HEER 5 Gelineau %% BB 5T 45 R Al — 2 [H]
A S AR A e T AR D & &= 51 T RR
SR BE L F(P<0.05), 3% 5 Bell 2275 k35
BF_F AR 25 R — 2, 3 AT BB SR 5 Tl B AUE AR
i n3/n6 IEAR{E A 5%, n3-PUFA 5 n6- PUFA 22
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Effects of Dietary Lipid Level and Lipid Source on the Growth and
Metabolism of Juvenile Turbot ( Scophthalmus maximus L.)

MAN Ming-San, SUI Zhong-Min, ZHOU Hui-Hui, WANG Xuan, XU Wei, MAI Kang-Sen, HE Gen
(The Key Laboratory of Aquaculture Nutrition and Feed of Ministry of Agriculture, Ocean University of China, Qingdao
266003, China)

Abstract: The present study was carried out to explore the effects of dietary lipid levels and lipid source
on the growth and metabolism of turbot. A 56 days feeding trial was carried out in juvenile turbot
((13.01£0.01) g). Six isonitrogenous experimental diets were designed using two lipid sources. fish oil
(FO) and soybean oil (SO), and three lipid levels, 8%, 12% and 16%. The fish growth performance
increased with the increase of lipid level in FO groups and a significant difference was observed between
16 and F8. However, in the SO groups, dietary S16 significant inhibited the fish growth. The hepato-
somatic and viscerosomatic indices of turbot were highly affected by dietary lipid level while the condi-
tion factor was highly affected by lipid source. There was no effect of the diets on moisture and crude
protein levels of turbot. The crude lipid level of whole body and liver were highly affected by the diet.
The liver lipid content in SO groups was significant higher than that of FO groups. Furthermore, the
expressions of genes relating to lipid metabolism were also highly affected by the dietary lipid level and
lipid source. The optimal fish growth performance was obtained when the dietary lipid levels varied be-
tween 12% and 16%. Over substitution soybean oil in the diet disturbed the lipid metabolism of turbot
and inhibited the fish growth performance.
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