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N-3/n-6 K 5% % A (8 F0 A AR ER Xt KX = &
shE R TAR . S R RO A5 1 < B
& AN ML A AR AR R

B OFY #545Y ERE' FxL'
ZEW Y oMaEa kAR

(L WIZRB PR PHR SRR AR S B R BN TRE G 2640063
2. L RE R K Sk are el LI 201306)

HE AT EE A n3m-6 K % A A fg B B (LC-PUFA) Xt & % #F (Scophthalmus
maximus) 4y # A K M g Bt R R L L R4 R R (LB Y B, ER Al T 6 FFf [ n-3/n-6 LC-PUFA
5(29.54, DI #41; 23.04,D2 #41; 18.97, D3 #4l; 9.06, D4 41; 6.86, D5 41; 3.87, D6 41)Hy 52144
Bo AKZEF4 #[(12.1820.01) gl W AR AL, AEIHRAKKRBARAFIFRT A 56d R L,

%R %, n-3/n-6 LC-PUFA Xtk % 4 4 & 1y & & F(SR) L L # % 1 (P>0.05); 3 E H£(WGR)M %
n-3/n-6 LC-PUFA H &K 2 48 FFHE TH#%, D6 4 8 28T HE i & 41(P<0.05); ey iR X%
8k n-3/n-6 LC-PUFA ty &1k & T #4%, H D6 Ak F| & /ME, # 1480, EEWTHMEA
(P<0.05), FEE AR HH T, BEABRNEEE BB R NMYE, HAE D4 40k 5| & AMH;
JeRi B E R F A, ME R+ n-3/n-6 LC-PUFA Wy 1k, Jepim &R BEEHE £ EFE T
WY, BREEY D44, BEE THEMALP<0.05); HHE-6-BHABNBEEELELART
Mewy#ad, D3I A AR AM, BEFSTHMALP<0.05), &% EF n-3/n-6 LC-PUFA By &1, 4
FHEBMEXLARTRNES,;, B8, 6RaMEXEREAHEBENM A9 n3n6
LC-PUFA WZ W E LR EFABE TR #SE, HE DS Atk Bl &k A, #AREW, HARF n3n6
LC-PUFA # th 7] K & 5 Bk 67 4 & o4 Flg 17 0 AR 2 IR 1K

L4 K % #F; n-3/n-6 LC-PUFA; fig B UAR ; 4 (LB g A& 484

FESES $963.1  XEAARIREE A XEHRS  2095-9869(2018)04-0066-08

TRMIR WA DUE SR A S P Z A RE ORI, iR 9 HLIRIR BEA 5 IR TR (Essential fatty acid, EFAs) | B
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W H n-3/n-6 KEEZ AERNEHTIRN AEEEFA SNRITTUR . RSO AR GRS VA LS A AR AR 67

JIg 1 P2 T V5 e A A 28 DA A i A 0 P 23 4 R A 3
L)1 fiE(Watanabe et al, 1982; Sargent et al, 2002),

SR N R I ok U5 32 A TR N A R R
A o FEVR N I 197 32 BRI 17 R 14 6 I EL g 17 41
BURG U FZEIAL; KB RGRRITG i F 2 AL
SR, TR A A DT 2H AL (RS TS, 2006); AR
105 G B0 A B o JE IO, ARk v B B A L T
I PO 28 7 Ak B B DA B Rk v ek ) AR P R £
JE G B 32 B IR (2 B, 2011) A &7 2k H
ARG R, J38 5 — R 5002 F g A B H b = g
(TG), FIrAa e 5 i il 14 35 1 8 ek A6 Tl 2 s 17 ) PRI
ARSI G DT 0 A W (D o, 2008). R Y
S A E R AR R BUSARBE R VE R B As 5 43
fif BCH I A TR, 2 )5 R, 20 24 AL R
FH o WU 55 1 AR 2H 28] LA A A 3500 25 1R I 2 (Free
fatty acid, FFA), A REEMEHUAFIH, TG WREHIT
WAL BN B G R, R UTRRTERR i AL 48U (E B 4
2002).

FEK = SR R, TR AR R AR i A
VS, PR RE IR . A B AR A AR K 5%
e FH o T B 285 v g 7 1R 5t () AN [) %o g s 1) A
S AT A — g B RE R, U HR AR K 00 55 58 1
K BENL RIS 15 R (LC-PUFA) B & 1748 fh Al £33
R & 20, K22 B (Scophthal mus maxi mus)2: it
AR MRS K .28, B T WO 0% R P VL v 3l
1992 AF B[ 51 3E, R 3 K 55586 i — >
BLATRFAAMIE, HET, MG n-3/n-6 LC-PUFA XK
Z2 6 105 A% 58 B R o DR S i o AR 5 AN [ e
4] n-3/n-6 LC-PUFA filh, $#RF7H XS KEE 6T AR 7 1L
K Rg WU AR By s e, A iDL i B Y n-3/n-6 LC-PUFA
AL AT
1 #MRERZE
1.1 RIGEITS5EMEE

DLty . KE R &R A EEE AW, Al E
TR A G ) LR ARDRE R SERIRDRE 43 0 n o
0. 05, 1.5, 45, 6.5, 12.5 g/kg (AL P04
fRim g, B n-3/n-6 LC-PUFA A 29.54(D14H).
23.04(D241). 18.97(D3 4H). 9.06(D4 41). 6.86(D5 4H)
3.87(D6 4)6 FPEE R AFRESL I kL, WIBHEL T . H R
YL 1, iR 4l 2% 2,

iR S R EOR R R 80 HI U, 4% 1C 5 M/ INE
RBHE ISR A, W 0k R AR VU0 2 T i FH R

R AN TSR A A I AR BTIR A RRE, niE &
TKIRA) . ZMEHER ML T AR K 3 mm Z2 4 B4R
BHERL, 60°CHET IS, —20CUKFH1RIEF .

1.2 AFEEREME

KEEGEL 10T 2015 4F 11 A [ 11 R ER T 28
FRIEAT B, S50 H A LR AR T T R S SR
TGRSR LI 5, LI AN 56 do SLRIFIR
i, REZOEA PR ik, B 9% 14 d JFdE T
H, B BENLPRE A BT | S /N — B KSR Y
i 35S BT E N 80cm. HEAE N 70 cm. /KIE N
50 cm MYIEIFESERLSRAEAR Y, b 18 41, 4 3 Alffi A
[l —Fp ek, K E R TR 2 ), WRE
0.5 h WEHBRMIFIC RIS . oI, 7K i fi
A>5 mg/L, /K AA17£1)C, hEHN 28~32, pH Ny
7.6~8.2, WRMIAHEL<0.1 mg/L,

ST EE R, R 24 he 10 SRR A R IR AR
&, THEAGE R HER, FEPLIEIR 5 B T
SR U AT BT 10 B it4T R kI,
4°C 850043 25 (4000 t/m, 10 min), B VW, RAET
~80°C VKA H, FH T i v A B A AR A8 A5 s BUIMLS
(RSB 0 B P RE A I8, T IR 0 At . R 2 A il
Jig 7 1R 65 G G % Mok S AT il A SR0 A I 1 000 2

1.3 HEmoHh

SEES AL FLL AT BT ¥ 2 B AOAC(2002) 772
HEAT S
25 B EE G i (Aspertate aminotransferase, AST) . /i
#H H(Total protein, TP), H%EH(Albumin, ALB). 4
IR i (Alkaline phosphate, ALP) | L JH [ (Cholesterol,
TCHO). il =f&(Triacyglycerol, TG). &% NSE
JIH [ i (High density lipoprotein cholesterol, HDL-C) .,
K% g 25 11 RE [5| % (Low density lipoprotein cholesterol,
LDL-C) % # A 72 4% F H 57 H 3h A=Ak 43 #7020
HY, Hitachi, HAN); %250 -6-85 2 i S0 B (Glucose
6-phosphatedehydrogenase, G6PD) | i i i 7+ H it (Fatty
acid synthetase, FAS). BEEAE A AL (Acyl-CoA
oxidase, ACO)WA [ LIBT3 A YR A R A A R
1 i (Trypsin) F1 A5 i B (Lipase) ¥ W H 5 5t @ s A9
TSI

1.4 MEFR

7% 2 (Survival rate, SR, %)=S /S x 100;
148 % (Weight gain rate, WGR, %) = (W, — Wp)/
Wp x 100;
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Tab.l Composition and nutrient levels of the experimental diets

21 5] Diets

JEUK} Ingredients

DI D2 D3 D4 D5 D6
17 Fish o0il(%) 10.00 9.95 9.85 9.55 9.35 8.75
A DU TRIMNE Arachidonic acid 0il*(%) 0.00 0.05 0.15 0.45 0.65 1.25
#rE Z WK Vitamins premix®(%) 1.00 1.00 1.00 1.00 1.00 1.00
B TR Minerals premix®(%) 1.00 1.00 1.00 1.00 1.00 1.00
HAl Others®(%) 88.00 88.00 88.00 88.00 88.00 88.00
41t Total(%) 100.00 100.00 100.00 100.00 100.00 100.00

B I 4, Proximate analysis
ML Crude protein(%) 48.35 48.49 48.16 47.97 47.89 48.00
HLIENT Crude lipid(%) 12.57 12.86 13.18 13.35 12.80 13.04
HLJK > Crude ash(%) 16.11 15.45 15.32 15.30 15.00 15.11
JLBE Gross energy(kJ/g) 19.59 19.86 20.10 20.12 19.96 20.03

a: e MWGETRMARIE A Z A TRM@EIOARAF, B3R 51.69% ARA; 6.56% C16:0; 5.59% C18:0; 5.62%
C18:1n-9; 9.50% C18:2n-6; 8.02% C24:0

b: iR RTUR R mg/kg AR : 4E4E A38.0 mg; 44 % D; 13.2 mg; 44 F K;10.0 mg; Gk 115.0 mg; K #
% 380.0 mg; #hARMLMLEE 88.0 mg; IZMR 368.0 mg; XA 1030.0 mg; A#FE 10.0 mg; PR 20.0 mg; 44K By, 1.3 mg;
WLEE 4000.0 mg; HLIRIMAR 500.0 mg

c: B ) R TR KL (mg/kg 7%} : NaCl 100.0 mg; KC13020.5 mg; KAI(SO,), 11.3 mg; ZnSO,-7H,0 363.0 mg; CuSO,-5H,0
8.0 mg; MgS0O,-7H,0 3568.0 mg; MnSO,4-4H,0 65.1 mg; Na,SeO; 2.3 mg; CoCl, 28.0 mg; KI 7.5 mg; NaF 4.0 mg; NaH,PO4-2H,0
25558.0 mg; Ca-lactate 15978.0 mg; CgHsO,Fe-5H,0 1523.0 mg

d: HAth: fky 45%; KEWRGEN 25%; o-FE8 12%; BER S48 0.5%; LA 0.05%; FALMEGL 0.5%; K H
SELTHE RN 4.95%

a: Arachidonic acid oil were purchased from CABIO Bioengineering (Wuhan) Co.,Ltd, the concentration of 51.69 % ARA,
6.56 % C16:0, 5.59 % C18:0, 5.62 % C18:1n-9,9.50 % C18:2n-6, 8.02 % C24:0

b: Vitamin mixture (mg/kg diet): Retinol acetate 38.0 mg; Cholecalciferol 13.2 mg; Vitamin K3 10.0 mg; Thiamin 115.0 mg;
Riboflavin 380.0 mg; Pyridoxine HCI 88.0 mg; Pantothenic acid 368.0 mg; Niacin acid 1030.0 mg; Biotin 10.0 mg; Folic acid
20.0 mg; Vitamin By, 1.3 mg; Inositol 4000.0 mg; Ascorbic acid 500.0 mg

¢: Mineral mixture (mg/kg diet): NaCl 100.0 mg; KCIl, 3020.5 mg; KAI(SO,),, 11.3 mg; ZnSO4 7H,O, 363.0 mg;
CuS04-5H,0 8.0 mg; MgSO,4-7H,0 3568.0 mg; MnSO,-4H,0 65.1 mg; Na,SeO; 2.3 mg; CoCl, 28.0 mg; KI 7.5mg; NaF, 4.0 mg;
NaH,P04-2H,0, 25558.0 mg; Ca-lactate,15978.0 mg; C¢HsO,Fe-5H,0, 1523.0 mg

d: Others: Fish meal 45%; Soy protein concentrate 25%; a-starch 12%, Ca(H2PO4), 0.5%; Antioxidant 0.05%; Choline
chloride 0.5%; CMC 4.95%

%2 &imBERAER BY4E AL (BIRIDITR)
Tab.2 Fatty acid composition of fish oil (Total fatty acid) (%)

fEWif2 Fatty acid i Content | lGNjfZ Fatty acid &% Content fEWifR Fatty acid 1 Content
C14:0 7.5867 C18:1n-7 3.0029 C20:2n-6 3.0379
C16:0 19.9735 C20:1n-9 2.8905 1B DU RR ARA 1.0259
C18:0 3.2642 C22:1n-9 3.7231 “ ik HFER EPA 9.7591
TSFA 30.8244 IMUFA 26.7566 Z kN HMEER DHA 13.7841
C16:1n-7 6.9309 C18:2n-6 2.1236 PUFA 31.4129
C18:1n-9 10.2092 C18:3n-3 1.6823

REMT TR (Lipid deposition rate, LR, %) = (W, x B S 06 24 o i SIE 5 0 5, Wo R SE B wl iR Fa R E (g),

Lt—WS)XLO)/Lt N e . \ Wl SEER 25 Rt R TR (g), Ly S 2B DR oML AR 7
A, SAFRMERIIE IS OETE, ST gyatn ) Lo 908 TF 0 BT 60 PR oBLBS T 69 2 i, L
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Ry S 28 RIS A A HRORLAR I B
1.5 HIEZKIHH

K SPSS17.0 B AFHAT B J7 2253 H1(One-way
ANOVA), 25 i 2/ (P<0.05)% ] Duncan’s 6 5% it
T2 E BT Gt 45 R L EAPR HE DR (Mean +
SE)#E /R .

2 #7R

2.1 n-3/n-6 LC-PUFA M AZEEFLHEMEE, EE
., IBRNHERERE N

n-3/n-6 LC-PUFA X K25 6T &)y £ A5 < 14 8 K i i
DUBRRILE 3, I 3 AlIEH, n-3/n-6 LC-PUFA
XFRZEGE4N Y SR TG T 5 1 (P>0.05); WGR Bl
n-3/n-6 LC-PUFA WFE(RESE L THE TR, D6 4l
AR T HoAth 4% 2H (P<0.05); LR BE&E K n-3/n-6
LC-PUFA MZRfb 2 FRE#aH, H D6 4k 5K/ IMH,
4 14.80, B E AR T HAhAS 41(P<0.05).

2.2 n-3/n-6 LC-PUFA Xk Z=&E 4 B ii X 1518 A0 =2 0

ANJA] n-3/n-6 LC-PUFA X K22 6 4y £ )i 15 1 g
B2 W ZE 4, NFR 4 W LLE 1, N IHER A RS
P Bt % 1k B n-3/n-6 LC-PUFA 2L 558 ETHE
FErytash, D4 HikBmAE, BEm T HAS A
(P<0.05), 1 D1, D2, D3 It &2 57(P>0.05),
D6 2H B F A% T HiAh 44 4 (P<0.05) B & 1R B n-3/n-6
LC-PUFA 7254k, ) 28 4 -6 - i ot 0 It 10 TR 2 22

o ETHE FRRRESE, £ D3 ksl kE, BES
FHAh A 2H(P<0.05), 7E D1, D2 4z [E] M D5, D6
20 2 8] TG . 22 5(P>0.05) . BEE R n-3/n-6
LC-PUFA W25k, MESLAIRE A SAALBE e s T
Memkas, HAE DS ik sl RME, B35 THME
ZH(P<0.05),

2.3 n-3/n-6 LC-PUFA 3k Z= 8 4h £ i 1L B pY 221

AJA] n-3/n-6 LC-PUFA X K2 640 1 4 1L B Y
FIMLEE 5. WK 5 AR, MEFEYH n-3/m-6
LC-PUFA 784k, [HEER 11 0 306 M 52 e 10 5 )5 0 55
ia#, 1 D4 ARtk K, 5 DS AL &EER
(P>0.05), D6 HNf/ME, 5 D2 LR ELER
(P>0.05), 5 HAh# 41 2 (A 44 2 i 24 25 55 (P<0.05).
Bt % 1R R n-3/n-6 LC-PUFA 197284k, A% 7 i PF 5
THa%, D1 F D2 42 BT 3% 2 5% (P>0.05), H
45 2l 2 B 1) 5 i 3 1 22 5 (P<0.05) .

2.4 n-3/n-6 LC-PUFA It kZE&E4) & 154+ L I54R

5% i

ATH] n-3/n-6 LC-PUFA X} K22 foF &)y £ 1l 35 A= AL 48
PRIV L 6. W3R 6 nTLIE I, Rk n-3/
n-6 LC-PUFA W28 fk , 7 FbG R [ 2 55 L JHE TR
¥, D5 AR FNEKAE, M 301.67, 5 D4 AT F
25 (P>0.05), & T HALK L (P<0.05), D1 41°H
w/ME, 5 D2 #2257 (P>0.05), S&EH. H
AR PRI 2 R R A R T 134 B R A AR Ak B
TR FRERESE, 7 DS 4k 35 K8,

3 3 n-3/n-6 LC-PUFA X X% 8 4f) 8 4 K1 BE R AR B AR S R RO R
Tab.3 Effects of dietary n-3/n-6 LC-PUFA ratios on growth performance and lipid deposition rate of juvenile turbot

2} Diets

I H Items
D1 D2 D3 D4 D5 D6
W) E IBM(g) 12.23£0.06 12.19+0.06 12.14%0.04 12.18+0.03 12.18+0.03 12.21£0.03
KE FBW(g) 29.85+0.13°  30.00+0.23¢ 29.60+0.16° 29.57+0.14° 28.83+0.12° 27.65+0.12°
T WGR(%) 144.17+1.06°  146.16+1.98°  143.85+0.53°  142.77+1.76°  136.66+0.70°  126.40+0.45"
JIEZR SR(%) 100.00+£0 100.00+0 100.00+0 99.05+0.95 100.00+0 100.00+£0
HE W TR % LR(%) 30.05+0.93¢  29.63+2.42¢ 24.12+0.92¢ 20.20+0.78° 19.69+0.41° 14.80+0.16%

T AT BUE LRSS R R 2718 22 53 1. 35 (P<0.05), T [H]

Note: Values in the same row with different superscripts show significant difference (P<0.05), the same as below

% 4 n-3/n-6 LC-PUFA Xf X % i 4 & B B (K I BB B9 #2018
Tab.4 Effects of dietary n-3/n-6 LC-PUFA ratios on fat metabolic enzymes of whole fish in juvenile turbot
2 7] Diets
D1 D2 D3 D4 D5 D6
8.90+0.04°  8.99+0.04°  9.03+0.10°  9.39+0.06°  8.50+0.10°  8.24+0.07%
148.93+10.86° 161.99+8.03° 182.51+4.66° 98.25+5.93°  77.04+2.91°  61.22+3.20"
484.16+0.79° 497.16+2.11° 534.52+5.75° 569.91+5.15¢ 612.73+6.44° 446.6+2.24°

i H Items

HE Wi B & hi B FAS(umol/ml)
i 26 M -6- W R I 2B G6PD(U/ml)
T HE i A A fLEE ACO(ng/L)
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#* 5 n-3/n-6 LC-PUFA X} K& 8 4 & 5 L BB RY 2 M
Tab.5 Effects of dietary n-3/n-6 LC-PUFA ratios on digestive enzyme of juvenile turbot
2 | Diets
Ui H Items I Di
D1 D2 D3 D4 D5 D6
=)
el 85.54+1.81° 89.25+3.83" 103.29+0.61° 115.06+3.97°  148.1941.957 175.87+1.73°
Lipase (U/g prot)
i 1 i

7805.34+157.92°  7621.91+343.71"° 8136.66=144.74"  9453.28+243.60° 8930.95+86.70° 7001.83+159.34°

Trypsin (U/mg prot)

% 6 n-3/n-6 LC-PUFA X K& 8T 4h & M 754 (LI HR A9 2T
Tab.6 Effects of dietary n-3/n-6 LC-PUFA ratios on serum biochemical indices of juvenile turbot
4157 diets
D1 D2 D3 D4 D5 D6
68.33+4.41" 86.67+1.67" 185.00+10.00° 288.33£6.01° 301.67+11.67° 163.33+£19.22°
19.83+1.36* 23.17+0.88" 23.17+1.76™° 25.00+1.04" 27.17+1.48°  20.67+1.33%

i H Items

AL B AST(U/L)
B H TP(g/L)

H#EH ALB(g/L) 8.50£0.50°  9.00£0.29°  9.83+0.60 10.00£0.29%™ 10.83£0.60°  8.33+0.73°

Hih =% TG (mmol/L) 1.45£0.12  1.55+0.06 1.75+0.09 1.78+0.16  1.68+0.13 1.45+0.10

B N8R 4 IH [ B HDL-C (mmol/L) 0.78+0.03°  0.83£0.07°  0.95+0.10  1.00£0.06®™  1.12£0.03°  0.83+0.07°
%5 5 (I H [ B LDL-C (mmol/L)  0.20+0 0.22£0.02  0.22+0.02 0.22£0.02  0.22+0.01 0.18+0.02
MHEEE TCHO(mmol/L)  2.22+0.10°° 2.28+0.10°°  2.2840.03"  2.47+0.09°  2.47+0.02°  2.08+0.06

Hrb, DS ARMSERREST D1, D6 4(P<0.05),
FEE R 3 IR & I B DS B &5 T DI
D2 il D6 £H(P<0.05). & AH [& Bk & ka4 A2 46 5 2
FFHE TR, 1 D4 Fl D5 Itk 3] K(E,
WLFEET D1 A D6 2H(P<0.05), H i = Hs FMIK 25 B2 g
P JIE T A5 2 2 () 34 G J 3 M 22 57 (P>0.05)

3 itig

ZERHAEQ015)F G R B, IRDREHOA RS i VR AN
SE M RS2 WE 4y £0. 0 BTG R . AWFR SR o, KRR
i i A K BEE R R n-3/n-6 LC-PUFA 28 {1k S 5505
MOV, 515 [l (2013)7E i £ (Lateolabrax japonicus)
WA 45 SR — B IR 2 — M LUIR I B X 28
TR Sk KT M5 5 24121 (Toussaint
et al, 2005), UL AIAAAE T IFHESE HA & B . fikZiZ
I 7 B 3k e UORR AT B8 2 5 ) £ A Y o T 2 U
B iR B IRIUIRL, M E L= & P EORE R
U5 7E JF 20 L P HERR (S R 55, 2013), 51 AT A
LB, SEUFDIRE TR, H R, Skt
PRI R AE— N B DR AR D5 KA R T
Ha 0 A 2 GEDRE A A AR (Hansen et al, 2008), i
kb e B BRI i s DR A At B A DO .
LC-PUFA BEMIHINRIS G, fEdERe2e o, BRACH
RN G (55 54 R4, 2014), Hodb, ARA KR
RS2 (PGE), $¢5J& PGEI2 Al i 1% 1k i i 40 i

A 32 B 195 A 38 22 177 B2 A AL 44 44 Big 7K 7 (Duplus et al,
2002), RAEINH] FAS J& K 3k (BEXGESE, 2003), iX
1] fE S A AIF 5T H oK 32 68 4y £ i 15 T R 3 i o ) ) 1Y)
AL R R RN, BARBHLEEA FEE— 24558

JI T TR A RS ] 2 - 6 - ol TR T 0 it ) P i
it A AR A TS5 AT A SR T oA gt il , T ek e I
S B T 0465 15 43 it o Re TR LR AE Sl R i A=
B VU R R AR, MR R S 2% B R4 21
T FAS B3EPE | SR s T AR FHALER A —RE (6,
2009). AW LI, N7 AR G it I 1 1) A2 Ak Bl
Tk n-3/n-6 LC-PUFA (978 {5258 - FHE R R
B, DA YU IR, I RO IR AR A e 0 0 1
R 2 - - Tl T O it 2 IS A TR 0 A2 1) SRR, M i
5 ) A5 G 1 NADPH(EX £1 8545, 2008), AAfF5E 1,
] 25 47 - 6- T 12 IO 20l B 5 W) BE R n-3/n-6 LC-PUFA
AEfk, 7€ D3 AR A B RME , B m TIHMA A,
KT 18.97 (D2 L), 7 285 % - 6B 1 Mot S iy b 0 2L o
TR, LA ARA X HA MEIFE R . DR,
Pk HE A il A SR A i T R AT SO 200 i 1 ™ B
APk, I, ARBFSE R, n-3/n-6LC-PUFA i D5 41
B IR B KM, LB AN A IR D5 & A= A8 1, 52 IE
WA, E AU R S WL I e B i 3 e
(G2 FRAR, 2011), J= BRI L0 Bt T £k 43 TR0k b 1) i
wYI, PR RO (Furné et al, 2005), [Hit,
T A TG PR 7 — 5 R b AT LAAE Ry 285 8 IR )
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Effects of n-3/ n-6 L C-PUFA on Fat Deposition, Digestion,
and Lipid Metabolism in Juvenile Turbot (Scophthalmus maximus)

TAN Qing'?, HAN Xiujie'?, WANG lJiying', LI Baoshan',
LI Xueli'?, HAO Tiantian', ZHANG Limin'"

(1. Shandong Marine Resource and Environment Research Institute, Shandong Key Laboratory of Marine Ecological
Restoration, Yantai 264006; 2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract An 8-week feeding trial was conducted in a recirculated system to study the effect of
dietary n-3/n-6 long-chain polyunsaturated fatty acid (LC-PUFA) ratios (29.54, D1; 23.04, D2; 18.97, D3;
9.06, D4; 6.86, D5; 3.87, D6) on growth performance, whole-body fatty acid composition, and serum
biochemical indices in turbot (Scophthalmus maximus). Six diets were formulated to feed six groups of
juvenile turbots [mean initial weight (12.18+0.01) g]. Each diet was randomly fed to triplicate groups of
35 fish per tank. There were no significant differences in the survival rate (SR) of turbot (P>0.05). With
decreasing dietary n-3/n-6 LC-PUFA ratios, the weight gain rate (WGR) first increased and then
decreased. The WGR of the D6 group was significantly lower than that of the other groups (P<0.05). The
lipid deposition rate (LR) reduced with decreasing dietary n-3/n-6 fatty acid ratios, and the D6 group
achieved 14.80, which was significant lower than that of the other group (P<0.05). The trypsin content
increased as the dietary n-3/n-6 LC-PUFA level decreased from 29.54 to 9.06, and then decreased. Lipase
increased with decreasing n-3/n-6 LC-PUFA. As the dietary n-3/n-6LC-PUFA level decreased, fatty acid
synthetase and glucose-6-phosphate dehydrogenase first increased and then decreased. When the dietary
n-3/n-6 LC- PUFA level was 9.06, fatty acid synthetase levels were significantly higher than those in the
other groups (P<0.05). Additionally, glucose-6-phosphate dehydrogenase levels were significantly higher
than those in the other groups (P<0.05) when the dietary n-3/n-6 LC-PUFA level was 18.97. Aspartate
aminotransferase, total protein, albumin, and high-density lipoprotein cholesterol first increased and then
decreased with increasing dietary n-3/n-6 LC-PUFA ratios. These results indicate that, with decreasing
dietary n-3/n-6 LC-PUFA ratios, resulting in reduced lipid deposition rate of juvenile turbot.

Key words Scophthalmus maximus; n-3/n-6 LC-PUFA; Fat deposition; Digestive enzyme;
Serum biochemical indices
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