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n-3/n-6 HUFAXT KZ&E &8f 4 &8 £ < BE
4 f 5 Bh s 2R B A0 0 5 4 (L3R FRBY =2

B FY, ERE, ==L

AEE, AR
(1. B Rk 54 m2b, L 2013065

2. WARBIEBHTIRSHIEA AL, URBEFESBEESALEE, LR BEE

FEW",

264006)

PR : N HE AR+ F En-3/n-67% 18 Fofig B B (HUFA) T K 64 & & K Mgk, 248
Joi BR 4 )R A ot AR LA AR Y e, B T 6FF 7 Fln-3/n-6 HUFA(D1: 29.54, D2: 23.04,
D3: 18.97, D4: 9.06, D5: 6.86, D6: 3.87)th L1048 k. DL A % #F 4h #(12.18+0.01) gy
FRGR, ERAKFAZAETFRT A AW KA LR, Ehkg64, G431 E
g, GANEE3SEHB., R LT K $0n-3/n-6 HUFART K 2 4F 4 # & )% 7 R (SR) LT £
Fom; HEEX(WGR). FE4A KESGR)E A M A EPER)E & LA THZHEH
DA B FMTHMEL, D2 Z e igExeEm THUOE 4. 2 EafRLSY
ERLARETHAY, DOMILAEEE A EERTHME 4. 28 ARAS EH &n-
3/n-6 HUFAW) T 2 F##%; 4@ #EPA. DHA. n-3/n-6 % 118 %2 g i % (PUFA)#in-
3/n-6 HUFA ) [ % 1% # #n-3/n-6 HUFAW T [ 2 T B A2 %o fn i 4 B 1 8 5 s (ACP)fn
Ak 4 B Ak B (SOD) [ & n-3/n-6 HUFARY & {4 2 F A # % % H B(LZM)fr & A Lk 4
(T-AOC)E £ L A B THW#Y, wEEmAD2HL B R AME, LFALE HED3IA R
WA 4 Lk, 48 4 n-3/n-6 HUFAZ 3 5 3% B (18.97~23.00) 8 F 4R & T LI & oy 4

KM fdE Rl ex, WR T AR LN R F i8R B Ko
KEEIF: K Z#; n-3/m-6 HUFA; 4 K; R ; M AL

hE 5 S:S963.73

T B W AN AR 5% BE 2h W T Y RE R OR
U5, R N HLAR SR At 0 55 IR U7 IR (essential fatty
acid, EFA). ®illg. BB ANGAE 44 R H L
HEF5 A W) A A0 A AR BRI AR, EFARAR A fF
WAERKILE, KRGS R HE & RN
Rewh e AR KT E, 40 AR B R AR AR
Wik . 1035 0] & Hlin-7Fin-9 2 51 40 F S 17 R
XFn-3F1n-6 5 51 A 1 i 5 2 1) 5 1 RE T A FR
P, n-3Fn-6A 16 g 17 2 by #0441 06 55 1
% o n-3/n-6/N100 N 17 198 FC EE S AR 742 1) A

i BHEA: 2017-01-22 f&EIBHA: 2017-03-31

RERARERD: A

XA, JRAERFHUAR R AR AN K . Hn-3F
n-6 AN R G I R A7 A AR 5 4, LR EPAYS
ARAYE G B R g Wi e i A W ik, H
BN AT A G A A B R
TEARRYLPREFRT R, AMUEH EDHA |
EPAFIARAR 4T 1, JLARXT Lb % T fa 25 4
PEVA A EE S X, WK M A AR T, EPA
S5DHAG HIKEE, HARAG KD, FHEF
Bt = ARAS FFEARATHE A BT R BLRE 77, AT 11
R RGELEY, WK, 5 FEPAFIDHA
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5 14 B, %8, n-3/n-6 HUFAXT K 6140 i 4= K PERE |

A 10 15 TR 2 ISR L4 £ AL H b 1 52 ) 755

FRRE R, 6 AN I ARA S HE & £ ) fi IR L P
WA, A REFEHRGE , RDRL sk B B ARAZS X
By P AR AR Y SRRy 4 SR AE AL B (Lateo-
labrax japonicus) P, 4k 8 (Sparus aurata)” F
165 B (Eriocheir sinensis) "G & B .

KZZWE (Scophthalmus maximus) R F b 5 &
FWFRAE S, H AT Jon-3/n-615 A1 G D5 R
(HUFA)X Ho A= K A B AR AL RS2 o X 24 RED)
FIE A B, TR AR LA (50%/12%) B 2 22
A KT L, ASWFSEAE LS AE LA i AE
A DU R Il AR . B in-3/n-6 HUFAH29.54
23.04. 18.97. 9.06. 6.86. 3.87(W kL, 5T H
XPREE G AR . AR BRI IR 2 RN I e
HACFR ARSI

R G E S RS RES

1.1 W& SEREIME

Dlfly . REWMGED N EEEARE, M
T8 A =5 g 1 IR I L RIARDRE A SRR ARDRE 43
SIS E0C80, 0.5, 1.5, 4.5, 6.5, 12.5gkg
M9 A6 A DU FR M s . TC in-3/n-6 HUFAH
29.54(D1), 23.04(D2). 18.97(D3). 9.06(D4).
6.86(D5). 3.87(D6)6F %5 K A RE L4t ket o Fel ket
Beh . RS R 4 W A ) WL 2 1R 2,

By S5 AR EORHE A 2 80 H U, # I J7
ANBI KB R GE ISR A, B il A A DU I
1% 1 B FH 68 75 U0 52 5 A R A TR AT S I A B TR
STk R, SRS FONGE KRS . SR BE R R
MU TR A% R 3 mmZE A5 B RBHBURE , 60 °CHt
TG B 20 CCURF A& o
1.2 AFEBRHERRE

5 FH S B0 A 11 AR A8 TR R RS A B 5 B
TEIR K FRFE S 2 AT, IS . LI T K
ZREEL I [ ST R SR A RAF . SR
R TR ARG T YIRS, 9I57 W ] 5
liERE . IEUSCI IR Z AT, 24 h, PRtk
AR UK AH ] L 0 i A BT M (12.18+0.01)g
163058 K 22 0 &)y £ Fifi AL 53 51 184> (8] A 4 ) 5% 4
M(E80 cm. EA270 cm. ZKIRS50 cm)H, &:AH
3508, B ARHEALE A . AR e I
2R (8:30, 16:30), MELEH30 min/5 HEFR 1H
I SRR . SRR, K T >S5 me/L,
JKIRTE(17£1) °C, #hEE28~32, pH 7.6~8.2, A

VAR <0.1 mg/L,

FRIE S A AT, 24 he JC T AEA LAY
B IP PR, AR TR SRR AR, A R AL
Wosscsfn, WEARRE, K, T I
B BEMLBEES R S0 56 T 4 AR 2 R A
Mr B g 05 BR 43 #r o ) F 10 4 MS-222(120 mg/kg)
JER B J AT e iR DK B, AR FE 4 °CUKAR i B
6h, B5.040E5(4 000 r/m, 10 min), BB AT
T—80 cCykAa ™, FH T2 il 35 A B AE AL 48475
B 5 i S5 fa R AR AN 2 5 AT B L I IE . AR
AL, FHoralfreE, IFREMEE . T &L,
HHL-20 °COAE, HTHM T
1.3 #Hmath

S0 ) Rk Ko HCAth 2H 2R i
ZIMAOAC" " T ikt 17 .

JE 107 B2 43 A v i i 4 B 2 B Foleh %5 U Ry O
oo BB W R I %2 2 B Metcalfeds U2 7 ik I i A
Phe itk FREL100 mgZe A7 I RE b 50 mLiE b
IMAIECHE2 mL, WEBESE3 mL, %55 RHdE
i, 80°C& BB HERk2 hE X HI B =R, Fm
AS5mL 6% K,CO;y, 2mLIFC ke, TR, B
R HER AR Y B R L R DT R 2 A3 B A
FH B HGC-2010/m R g i, R E K
MR 2% (FID) . 4 35% H: 2 SP-2560 3 AH 5,315 AT
(100 mmx0.25 mmx0.2 mm), A 140 °CHEHES min
Ja, Lh4 °eCmind FETHE, Tt 2240 °CHEE 30 min
Zitis ATt KRR A T ul,

L7 H 7 B il (lysozyme, LZM) . R P i 182 il
(acid phosphatase, ACP). S HT4 fLfE /] (total anti-
oxidant capacity, T-AOC) ., #4917 fk i (super-
oxide dismutase, SOD)1¥ M 41 2% FH e 50 & Wl A 4
TCARBI ST i) S AT
1.4 MEIEHR

A3 2R (survival rate, SR,%)=N,/Nx 100

14 K (weight gain rate, WGR,%)=(W,~W )/
W< 100

2 (daily feed intake, DFI, %)=F/[(W+W,)/2x
d]x100

F A2 K R (specific growth rate, SGR,%/d)=
(InW ~1nW y)/dx 100

T B} Z % (feed conversion ratio, FCR)=F/(W
Wo)

WAL oy o3 BT ¥
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B

St

0 E

1 %% K (protein efficiency ratio,
PER)=(W~W)/(F*P)

JE 3% J (condition factor, CF, g/cm®)=W,/L’x100

JIF 44 Et (hepatosomatic index, HSI,%)=M,/ W x
100

JE A FE (viscerosimativ index, VSL%)=M, /W x
100
A, N FRFE S5 TT AR 52 40 Bk, N R
FH S50 25 R S g R, Wk SE R A iR 1A

TR i (g), dRFRAEREL, PR IRRHI A
TR (%), LASLIES R iR K (em), MoNSZK:
BRI S 0 I IE B (), MO S 2 SR 52
55 £0 P Ik A1 5 i (g) o

15 HIEGIH O

K H SPSS17.0% 4 47 H 1 & 7 22 7+ Br
(One-Way ANOVA), 27 I K (P<0.05)% H
Duncan[C K 5 17 Z 5 LB AT Geit 25 L

B (e), WHRSLERETR kTR (e), FHEE  FE{ELPREZ (meantSD)IIE R

®1 AR REFERTYREM

Tab.1 Composition and nutrient levels of the experimental diets (dry matter basis)

A5 diets
WiH items

D1 D2 D3 D4 D5 D6
JEk}/(g/kg diets) ingredients
Hfak  white fish meal 450.00 450.00 450.00 450.00 450.00 450.00
KEIRAEEE  soy protein concentrate 250.00 250.00 250.00 250.00 250.00 250.00
a-YEH  a-starch 120.00 120.00 120.00 120.00 120.00 120.00
iyl fish oil 100.00 99.50 98.50 95.50 93.50 87.50
A% AE  arachidonic acid oil® 0.00 0.50 1.50 4.50 6.50 12.50
AL ZHURRL  vitamins premix® 10.00 10.00 10.00 10.00 10.00 10.00
TR BURER  minerals premix® 10.00 10.00 10.00 10.00 10.00 10.00
PR 445 Ca(H,POy), 5.00 5.00 5.00 5.00 5.00 5.00
PUALT  antioxidant 0.50 0.50 0.50 0.50 0.50 0.50
SALBBH  choline chloride 5.00 5.00 5.00 5.00 5.00 5.00
BRHIRL AR CMC 49.50 49.50 49.50 49.50 49.50 49.50
it total 1 000.00 1 000.00 1.000.00 1 .000.00 1.000.00 1 .000.00
EHRHAR(THF)/% nutrient composition (dry matter)
HEHAH  crude protein 48.35 48.49 48.16 47.97 47.89 48.00
AAEWT  crude lipid 12.57 12.86 13.18 13.35 12.80 13.04
K45y ash 16.11 15.45 15.32 15.30 15.00 15.11
BBE/(k)/g) gross energy 19.59 19.86 20.10 20.12 19.96 20.03

VE: a. fEA VUM ER M HE T 1 3 A A TR@BOE R AT, K NARA 51.69%, C16:0 6.56%, C18:0 5.59%, C18:1n-9 5.62%, C18:2n-6
9.50%, C24:0 8.02%; b. 4L KHRE (me/kglilkl): 44 KA 38.0 mg, 44EEKD, 13.2 mg;, 4E4EEKK, 10.0 mg, FiEE 115.0 mg, HHE
380.0 mg, #HERMEEE 88.0 mg, VZMK 368.0 mg, MHMR 1030.0 mg, EMFK 10.0 mg, MR 20.0 mg, 4E4EFEB), 1.3 mg, NIEE 4 000.0 mg, ik
I 500.0 mg; c. i 5 TR mg/kgtkD: NaCl100.0 mg, KC13020.5mg, KAI(SO,), 11.3mg, ZnSO,7H,0 363.0mg, CuSO4-5H,0 8.0 mg,
MgSO,4-7H,0 3 568.0 mg, MnSO,-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 25 558.0 mg,
Ca-lactate 15 978.0 mg, C4HsO,Fe-5H,0O 1 523.0 mg

Notes: a. arachidonic acid oil were purchased from CABIO Bioengineering (Wuhan) Co., Ltd, the concentration of ARA 51.69% , C16:0 6.56%, C18:0
5.59%, C18:1n-9 5.62%, C18:2n-6 9.50%, C24:0 8.02%; b. vitamin mixture (mg/kg diet): retinol acetate 38.0 mg, cholecalciferol 13.2 mg, vitamin K;
10.0 mg, thiamin 115.0 mg, riboflavin 380.0 mg, pyridoxine HCI 88.0 mg, pantothenic acid 368.0 mg, niacin acid 1 030.0 mg, biotin 10.0 mg, folic acid
20.0 mg, vitamin By, 1.3 mg, inositol 4 000.0 mg, ascorbic acid 500.0 mg; c. mineral mixture (mg/kg diet): NaCl 100.0 mg, KCI 3 020.5 mg, KAl (SO,),
11.3 mg, ZnSO,4 7H,0 363.0 mg, CuSO,-5H,0 8.0 mg, MgSO,-7H,0 3 568.0 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 25 558.0 mg, Ca-lactate 15 978.0 mg, C¢HsO,Fe-5H,0 1 523.0 mg
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A 10 15 TR 2 ISR L4 £ AL H b 1 52 ) 757

2 LR BERAERE AR (B BE AR ER)

Tab. 2 Fatty acid composition of experimental diets (total fatty acid) %
Mol diets
AR fatty acid

D1 D2 D3 D4 D5 D6
C14:0 6.01 5.98 5.99 5.74 5.78 5.30
C16:0 19.57 19.73 19.67 19.49 19.46 18.09
C18:0 3.73 3.83 3.88 4.08 4.06 4.08
XSFA 30.23 30.37 30.39 30.32 30.44 28.68
Cl16:1n-7 6.21 6.27 6.28 6.23 6.24 6.16
C18:1n-9 10.57 10.52 10.50 10.42 10.43 10.42
Cl18:1n-7 3.34 3.28 3.34 3.20 3.49 3.20
C22:1n-9 542 5.35 5.30 5.27 5.20 5.09
XMUFA 30.50 30.24 30.05 29.67 32.00 29.02
C18:2n-6 2.72 2.72 2.79 2.93 3.32 3.45
C18:3n-3 1.47 1.44 1.41 1.41 1.40 1.30
C20:2n-6 247 242 2.44 2.36 2.30 2.25
ARA 0.78 1.00 1.21 2.40 3.04 5.37
EPA 9.08 9.28 9.13 8.60 8.29 8.22
DHA 12.99 12.86 12.82 12.29 11.82 11.79
YXPUFA 30.35 30.62 30.74 30.90 30.94 33.19
n-3/n-6 PUFA 4.09 3.98 3.78 3.02 2.57 2.00
EPA/DHA 0.70 0.72 0.71 0.70 0.70 0.70
n-3HUFA 22.92 23.04 22.89 21.80 20.88 20.83
n-3/n-6 HUFA 29.54 23.04 18.97 9.06 6.86 3.87

. SERAMAENIER(AIC20 © 0. C22: 0. C24: 0. C20:1n-9. C20:1n-7. C22: 5n-3KRFIANKH): SFA. MFIEHITR, MUFA. B AHAIE
it ARA. JEEVUIGRR, EPA. —HHRIUGER, DHA. —+ BNIGER, PUFA. L AWAIRIGRR, HUFA. S ABRAENEE. T

Notes: some fatty acids, of which the contents are minor, trace amount or not detected (such as C20 : 0, C22 0, C24 : 0, C20:1n-9, C20:1n-7,
C22 © 5n-3 were not listed in the table); SFA. saturated fatty acid, MUFA. monounsaturated fatty acid, ARA. arachidonic acid, EPA. eicosapentaenoic
acid, DHA. docosahexaenoic acid, PUHA. polyunsaturated fatty acids, HUFA. highly unsaturated fatty acid. the same below

2 4R

2.1 n-3/n-6 HUFAXT KZ 8T 4h & 4 KM BE K 1A
A7 A A S2 0

n-3/n-6 HUFAXS K25 61 &)y £ (1) i 7% 2R (SR) TG

LR (P>0.05)(3); HEFR(WGR)., HES

1 A (SGR)FI 4 H BT %% (PER)Fifi % n-3/n-6 HUFA
M REAR 5 TS T RE S, Dedl i F LTI
45 2H (P<0.05), D247 A FRCR 3 5 T Hfth
&40 (P<0.05); 1R (DF)HIiE K 2 5 (FCR)FE
#n-3/n-6 HUFAR AR b 522 56 F B )5 b T %
D24 B E T HAl 454, D6 B & T HAth 4%

20 (P<0.05); DSHID6LH i I3l & (CF) 2. & & T
D44 (P<0.05); £5 41 [a] Bk A4 Lk (V ST) Fi 14 L
(HSD¥ TG {2 & 1% 22 5(P>0.05).

n-3/n-6 HUF AX K 25 6 &)y £ 4 B 53 19 5 el D
#4, ORARH, Ko HAETT.98%~T8.67%,
H &40 W #ETE25(P>0.05); HEHSL LT
J& TR E HAED24 18 3 i KAE(P<0.05); Pl %
n-3/n-6 HUFAZ AL FEAIK, KIS I &2 0 3 T Rk 3
(P<0.05); JK4rHi#n-3/n-6 HUFARY T [ 52 2 i 4
Y, DSFID6Z i 2 i T HoAth 45 2H (P<0.05),
5398 3.93%F13.96%., WLRHLH, Kar&Eh
79.04%~80.01%, D6ZH 17K 43 7 it /&80.01% H. &

LA
w
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FE TDIMID241(P<0.05); HIEAREFETHE T 22 n-3/n-6 HUFAXT KZE 81416 £ & EHERR
Beftas, D6l h17.52, BEMFHMA4 W

(P<0.05), HAh4%2HJC o 3 22 5(P>0.05); LRI
B 2 ARG AR AL B LR P RER B, D24
LRGN H2.07, BE®H THMAL, DAHN

B E ARAR & 224k, Cl16:0. C18:0.
Cl16:1n-7, C18:1n-9, C18:1n-7. ZSFAFI
SPUFAY T i 3 72 5 (P>0.05)(#%5); ARAPE % n-
1.36, G FH LT HAL A 41(P<0.05); WL B K 3/n-6 HUFARY N TS, 7ED64 ik 2k
537G B 3 25 5 (P>0.05), I H 2 % KT H 4 2 (P<0.05); EPA, DHA,

&3 n-3/n-6 HUFAX KZE 8T 41 4 K148, (ARFI AR A BRI
Tab.3 Effects of dietary n-3/n-6 HUFA ratios on growth performance, feed utilization and morphometric

index of juvenile turbot (S.maximus)

HAH diets

WiH items

DI D2 D3 D4 D5 D6
VB R/g  1BM 12.23+0.10 12.19+0.10 12.14+0.07 12.18+0.06 12.18+0.06 12.21£0.05
KRR R/g FBW 29.85+0.22° 30.00+0.40° 29.60+0.28° 29.57+0.25° 28.83+0.21° 27.65+0.21°
WHE /% WGR 144.17+1.83¢ 146.16+3.43° 143.85+0.91° 142.7743.05° 136.66+1.21° 126.40+0.78"
REF/(%/d) DFI 1.33+0.00° 1.290.00° 1.34+0.01° 1.5+0.01° 1.52+0.00° 1.58+0.01°
R KR /(%/d) SGR 1.59+0.01° 1.61+0.02° 1.59+0.01° 1.58+0.02° 1.54+0.01° 1.46+0.01°
ARl &RE FCR 0.89+0.01° 0.86+0.01° 0.9+0.01° 1.01£0.01° 1.05+0.01¢ 1.14+0.00°
HAFRE PER 2.33+0.02¢ 2.41+0.04° 2.32+0.03¢ 2.07+0.02° 1.99+0.02° 1.83+0.01°
MBS/ (g/em’)  CF 3.94£0.10™ 3.86+0.18" 3.94+0.07" 3.7240.14* 4.06+0.05 4.11+0.24°
ARG/ % VST 5.99+0.34 6.22+0.59 6.530.05 6.21+0.54 6.08+0.17 5.90+0.11
TR E/%  HSI 1.08+0.11 1.15+0.14 1.24+0.04 1.1740.16 1.22+0.02 1.15+0.10
FRIE#/% SR 100.00-0.00 100.00:£0.00 100.00:£0.00 99.05+1.65 100.00:£0.00 100.00:£0.00

e FETBUEA R BT BEROR Z R B (P<0.05), R

Notes: values in the same row with different superscripts show significant difference (P<0.05), the same below

Tab. 4

#Fz 4 n-3/n-6 HUFAXT K ZEEF 4 & (R 5k 43 B 2 M

Effects of dietary n-3/n-6 HUFA ratios on tissue proximate composition of juvenile turbot (S. maximus) o,

ZH5)  diets

D1 D2 D3 D4 D5 D6
4£f4  whole body
JK4>  moisture 78.13+0.37 78.02+0.18 78.66+0.94 77.98+0.47 78.21+0.60 78.67+0.32
FEE  crude protein 14.74+0.18% 15.55+0.07° 15.05:0.35™ 14.5940.02° 14.7+0.25% 14.45+0.23°
FIEWT  crude lipid 3.11£0.10° 3.07£0.26° 2.82+0.11% 2.74+0.12% 2.74+0.20" 2.46+0.18°
K4y ash 3.79+0.03® 3.77+0.01° 3.8440.04° 3.84+0.01° 3.93+0.05° 3.96+0.03¢
WA muscle
JK4>  moisture 79.12+0.39® 79.04+0.42° 79.4140.41™ 79.79+0.39* 79.58+0.45" 80.01+0.12°
FEE  crude protein 18.270.04° 18.32:0.06° 18.21£0.00° 18.1440.55 18.1120.09" 17.52:0.32°
FIEWT  crude lipid 1.7120.04° 2.07£0.07* 1.9240.09° 1.69£0.04° 1.63£0.03° 1.36£0.11°
JK4y  ash 1.40+0.04 1.53+0.02 1.34+0.03 1.35+0.02 1.47+0.12 1.37+0.01
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n-3/n-6 PUFAIn-3/n-6 HUFAXJ i % n-3/n-6 3 it

HUFAR) T [ 52 T i 55 B AE DOALIA 2 i /5
D34IEPA/DHAK0.47, B#MEFDI, D2, D4, 31 n-3/m-6 HUFAR XZZ8F4)% £ K1 AE KA

DS4(P<0.05), {H5 D6 2% 5 i 2 (P>0.05). BRI A B9S2
2.3 n-3/n-6 HUFAX} K 26T 4h & 554 K18 4R AR, KEE Y TG R (SR)A 52 n-
SEAL 3/n-6 HUFARYSZ M, 55 2% Ul S5 1IF 5E 45 R —

W H -3 n-6 HUFAR) FIE g by 20 @RS ERBITATRA =S, &
TR, D24k 5 K F-(1 750.58 U/mL), JSCI a2 S 04 D DAL AT RE S A S I £ AH X R,
D6§EE%1EEH:,H\J’@%ZH(P<O05)(%%6), ﬁf{]‘&k@?ﬁﬁ ﬁﬁ#ﬁﬂﬁ%ﬁ@ﬁ@&ﬁ&ﬁ%ﬁ@i%%ﬁﬁo
W5 b T} #a 3 HL 7 D64k 58 A AH.(2.55 UimL)  ASPFFE R B hn-3/n-6 HUFAZS X K32 6¥ 4y
(P<0.05); MPTEMAES o LIVE FRekasy AT BRI 20 BN SR, e LAY 4 R AE
H7ED34H ik 8l % KA (21.71 U/mL) (P<0.05); A 5 UV A AR R e B, R WD EDEL Hn-3/n-6
SODFfi#n-3/n-6 HUFARIFEIE 5 EFH#ash, . HUFAGMRS N REEF 4 a4 KA MG /R . ™
D64H 35 3] K {H (134.57 U/mg) (P<0.05). AR A K IIHI A DU R . — 24 R T ARA

R 5 n-3/n-6 HUFAR K Z 6740 £ & fE B BR 4H AR B0 #2 08 (B AR B ER)
Tab.5 Effects of dietary n-3/n-6 HUFA ratios on fatty acid composition of whole fish in

juvenile turbot (S. maximus)(total fatty acid) %

Mo diets

JEHiE  fatty acid

DI D2 D3 D4 D5 D6
C14:0 5.06£0.02" 4.87+0.12° 5.03+0.02" 5.13+0.11° 5.06+0.20" 4.85+0.16"
Cl16:0 16.61+0.96 15.78+0.22 15.83+0.80 15.41+0.39 15.68+0.85 15.5140.55
C18:0 3.64+0.48 3.35+0.14 3.58+0.39 3.24+0.12 3.46+0.18 3.6+0.22
¥SFA 25.74+1.46 24.41+0.24 24.93+1.26 24.39+0.64 24.82+1.25 24.72+0.96
Cl6:1n-7 6.37+0.09 6.17+0.18 6.3240.09 6.44+0.11 6.80:£0.74 6.23+0.42
C18:1n-9 13.1£0.26 13.05+0.10 12.94+0.13 13.22+0.32 13.32+0.53 13.45+0.33
Cl18:1n-7 3.95+0.27 3.60+0.02 3.77+0.19 3.73+0.12 3.73+0.21 3.63£0.13
C22:1n-9 2.5+0.07° 2.44+0.05° 2.49+0.07* 2.87+0.08° 2.86+0.04° 2.70£0.13
~MUFA 29.37£0.09™ 28.62+0.28" 29.02+0.43™ 29.95+0.68™ 30.38+1.58° 29.49£1.13"
C18:2n-6 5.55+0.23" 6.32+0.30 6.25+0.25" 6.62+0.11° 6.46+0.19" 7.55+0.12°
Cl18:3n-3 1.34+0.12° 1.40+0.00™ 1.35+0.12° 1.51£0.01° 1.43£0.07" 1.34%0.05°
C20:2n-6 2.4340.12" 2.51+0.08" 2.49+0.19" 2.47+0.07° 2.41%0.13" 2.22+0.07"
ARA 1.50+0.05° 1.57+0.06™ 1.80+0.08" 2.48+0.06° 3.07+0.26" 4.44+0.17°
EPA 7.850.39* 8.22+0.24° 7.35+0.75™¢ 7.06£0.25™ 6.82+0.56" 6.05+0.55°
DHA 14.82+0.45"¢ 15.86+0.31¢ 15.46+0.68% 13.61£0.93" 12.9+1.81% 12.31£1.26"
SPUFA 35.91+1.26 38.32+0.20 37.27+1.94 35.03+2.32 34.55+3.34 35.75+1.64
n-3/n-6 PUFA 2.79+0.00* 2.69+0.08° 2.53+0.06° 2.02+0.14° 1.89+0.23° 1.5120.09°
EPA/DHA 0.53+0.01° 0.52+0.03" 0.47+0.03" 0.52+0.02° 0.53+0.03° 0.49+0.01*
n-3 HUFA 25.14£0.81™ 26.52+0.10° 25.37+1.45° 21.95+2.08% 21.18+3.21° 20.19+1.47°
n-3/n-6 HUFA 16.77+0.84° 16.87+0.70° 14.12+1.36° 8.85+0.63¢ 6.88+0.44° 4.55+0.16"
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Tab. 6 Effects of dietary n-3/n-6 HUFA ratios on serum biochemical indices of juvenile turbot (S. maximus)

A5 diets

D1 D2

D3 D4 D5 D6

HEY/(U/mL) LZM 1578.7+81.67° 1 750.58+37.35°

FR 1 WL flF/(U/mL)  ACP 1.66+0.07° 1.92+0.18°

BPUEALRESI/(U/mL) T-AOC  11.10+0.99° 14.02+2.96®

HBAMYEALEF/(U/mg)  SOD 116.01+1.83" 119.48+7.73"

1 650.24+92.73%

1679.63+56.03%  1671.77+45.7 1 133.12429.44°

2.1240.07" 2.29+0.03¢ 2.57+0.17° 2.55+0.14¢
21.7142.35° 16.44+1.64° 10.87+0.75° 11.18+0.51°
123.70+4.64™ 121.59+4.64™ 131.25+5.43% 134.57+5.53¢

Said 2, ARAFIEPARIA IS =4 36 4 /F H ik
A0l T R N EPAR A W) i 461 R it
ARAZ X a7 A — 2 1 9 S w17, e AR K
Ab G B R HOIR AS X AR A KR AR R AR
TE 4 Sk 7 B AF 58 P I, B0 R P A AR DO 0
T2 119 2 8RB 6% 185 0 9 R AH DG SE R (1 2R3k, HE
R (DFI) M B 22 50 (FCR)FE % n-3/n-6 HUFAR) T
Rt b T3 A D241 B E AT HAl 45 41, De4l
3w T HA A, R W ITARATE 75 n-
3/n-6 HUFARYLULAE, A I T 52 50 fh 1% A= 4 R B
R, X505 E T4 R —8. SR,
R RN 2 B ARA, W e iE B R T
BLIR & i3 & S BOpHFR AL, TR fa i HE
ARG, D2 A SR A, UE LIS A
TARAZs £ 5 ) BL 8 1 B iy 5. AR S
i, BE#%n-3/n-6 HUFAR A4k, Ak ik 1
(HSDAHE AR L (VSD TG 8 & A8 ik, X — S0 ga 45 1
5 T U AR ST 45 AL, 2 Wn-
3/n-6 HUF A AE 16 1% A5 52 Wi B1) K 32 B 4 4 1) P9 ik
EEH ., BEEESWEETEA, ARAZ 4
FIRTFA 8 5 TARATRINAL, 5A S 45 7
AN—F, AR A R R ARARY B A 56

ARSI ZE R R, n-3/n-6 HUFAX K2 6E4))
fl KSR E N, X 520 TR
ST I S AP ST A AR, BN R A R
T VR 4 K 4y T R 3 R, HLEE R LT
Ja TR e D2 Ik B f A, U I 7R 1 R
HOS IR IMARAAR R THEAWMAE, X5F
BRI G 45 R — 3. R % n-3/n-6 HUFAR)
TR, s iR NGO K 2 LT
P, FHEOX SRR ZRARAR I & 5 &
B, 3 BRI R A, S SRR D5 R
FRCRIEAR . MARAT B Lt AMNERE
FRI AR TR, RgEdsiiA &

http://www.scxuebao.cn

(2R 5. IR 05 45 it RE 4 5 DA 4 5 1E 8 10 A4 K
T, REER T K 64 4 R AR A
ANTRVRE BE R B, [RIEE K o & i3 m . WLIR A 4
AP RS . DL P LA K 43 3
iy A A 1 K G 00 SR ms DLk AL PR ) R
. A& R, X5 2
R—, ALBEREY, SEBIMARAS Y
T AL PR R 7 Y S, A 2 = O
PR ORI B R SRR AN, ARAGH I 4
apoB 10043 F 431 M 177 #0 Hill VLD L) 21 2% S 1 4 JiF
JIE R 5 32, 306 T 52 e g 1 A AL PR v ) A AT
220 FEn-3/n-6 HUFA 4 23.041F, WILIA HHLIR
S K, E BRI OGS 2 I ARA, AT L
R L R AR 7 9 A TR

3.2 n-3/n-6 HUFAX X 35 8 4h & {420 2R B R R
ZopA

£ A T TR A 1 AN Ak v B U TR 1 AL A
—ERFR, HRERRR ARG iR 239O0 S R FH 5
PREES, DA R, AR nT I 5ETH /Ll SFA
FMIMUFA, W PUFAf [+ & £ EEHNEY,
Karalazos%FWWFGT R B, TapR} o JE B0 g 1 R 7 2=
b, SRR . AR S g,
fO{KSFA . EPAM & i Z/N T i & ik, 1
ARA ., DHA. PUFA, n-6 PUFAS5Z M), HE
MUFAJEAFEY- . X LK SFA . EPAF] fE
T T RE A ERWE, (W
e 2 F N EPAS ARAM R4 X R, I REH B 4
(A i DHA . PUFA M n-6 PUFAR) & &
T RE U BB b O S e A X S i T R
X5 5 @ H PO T2 5 85 (Cynoglossus sem-
ilaevis)HE A 5T AL, ; MUFAZE T R 9 75 5
A5 RZZ 6P Y0 T K A FEF o 7] B 0 52 2]
/K n-3/n-6 HUFA X DHA/EPA /Y (8 5 5 T 15 Kt


http://www.scxuebao.cn

5 14 B, %8, n-3/n-6 HUFAXT K 6140 i 4= K PERE |

A 10 15 TR 2 ISR L4 £ AL H b 1 52 ) 761

& B, [ Hn-3 HUFADL %6n-6 HUFA{R 1A 7E
faik N, Tin-3 HUFAH', DHAfL/CEPALRTY, 5
wE O R AL . B R n-3/n-6
HUFAZK I REAR, KEZOF 4 fa R ARA B il
FEI AR L BRI, X 5 R PO SR
ifi(Latris lineata) " ZE N /K 851 (Solea senegalensis)
5T 25 AL, R B 4 £ b i ARAK 1 )
W, ULBH ARA = AR A6 AR U3 R 1) [R] 15 348
AKEEBRAERN

SRR, C16:0, C18:0, C16:1n-7,
C18:1n-9., C18:1n-7. SFAFPUFAY I i # %
5, BiHAN-3/n-6 HUF AR AR Ak AR X6t £ (410 F iig
5 2 LA B AS A0 R i T R 1) B i A R, B
Tk Hin-3 HUFAS S0 T, 43k B Pk oh
C18:1n-9/n-3 HUFA LB FEAR, 24 & i 58 20 2
i, 204191 C18:1n-9/n-3 HUFALLHI/NTF 1, Rt
C18:1n-984 ¥ £ LA N EFABR = Y45 /R 1, 1E
ASZEHC18:1n-9/n-3 HUFAHL /N F 1, 3 A
C18:In-9F I & %%, FrLiC18:1n-94fE
R RZEGFEFAGR Z (48 /R Y o S5 50 10 K T g iy
TR A1 8 1) 25 5 40 1T R X 5 6 45 A 3 A [ 1 5%
M), AHOC[A) A Ff it — 0 BF9E . AR NEPAI
ARAM FRAATERACIE R, EPASARAY ™A
Tarfr Y, RIEHCE S MR, B A
() AT A= 0 B Dy AR Y S A R R
EPAFI ARATE W 50 R 1 i 7 v i) 5 4 5 B0 £ A
PARAS I . EPAS B>, 53R & 40
FIFIE 4 AR, PR e iR R ARAFLEPATE BE &
AR

oA P R 7 R 1) A 58 4 32 R A AEn-3 N
n-6 3 G N0 G 7 R 2 18], ¥ 7K £ i o 1R AR i
T4 B L EEARATIEPAZ W], HAETIA N, 2
T e R R B R N I R, B 2R AR BT
fE . HTARAS A (28— bog R Y 2F T 1 45
S, T HTEPAAR B2 T B R A MRS, A
H PR sE e . ARAJEPA LI E , RIS N
KT, SR RAER N ; RZ, W
SR BRI VE AT, W55 A R i, [
I, ML 2S48 A= DY g 2 1) 3% 2 i ARA/EPATY
Wil e . 24 2H 21 ARA/EPALGIE m B, 254k
Az VU T A S I 45 0 LA 1) 1B R 4R E N B
T B4 35 s ;T 24 20 20 i ARA/EPA L (A
10 I 1| B S R e L Y g S R A o s A
K A FE R ARA ) BS In &2 TaE B, o 'R

ARAZS N (1 AR AR B 1 B G0 75 N 34
3.3 n-3/n-6 HUFAXT XZE 8740 & M55 G & B =2

MR R, B SRR E &
FERAE R, PR R R S e 7 L ) 7 AR A
G ML O EL R S e R AN T . T TR
(LZM)PE Ay i S R 53 1 G 38 28 45 110 o 2 4 S
Sy B AT VE T, 30 2o V75 fire 4 i 7 0
21 B Ok 52 B F B I B SN Y AN ] 8.2 11 45 b
wEALUP B ORI, W B RE A I
FEA R N AR R sh/E T, IR &6 B S fE ™
A G 0 L AR R RE B A VS Y AR S v
VRS TR R, 7ED24135 Bl
KAE, D6k Ff/ME, XKW EH ARAR
il = 4 2V T 11 G 8 D) B 7 AR
TEH.

BRYPWEANNMSS, e SRS
SR K R B AL A, TR PE BRI (ACP)J2 I
Hh L B ) K A . ACPARE Ay 5 0k 4 i 3 il A
() br Al XEALAR AR i & o> L AAE .
EREHE A K R T R, HiEES
55 WEIR HE P B FE AL AR, o ud B I 4 i
PR 40t S 28 e EE L E R VY P (Salmo salar)ii]
R IGE A ARANT T AL 240 i FE A% 37 3l 1k
KBiis 3 AR 2507, TR) A2 1 i 40 e 5 1) 3 5
MR LB 5 I, ARATE AT LIAE 45 — 15 fi 3 3%
5055 200 B A P A 1T 3 A e e i
#in-3/n-6 HUFAY N BT L T+ B A

BLIAR (50 Ak BE 1 52 7K Az 3h ) £ IR 1T
Wi —AEEAR AR, b A AR A ST AL R
J1(T-AOC) . 4 b4 1% A g (SOD) 45 i 1 7F —
SRR B 1 AE 0 WAL A G T 4 Ak N Y g
AT AT LA T 422 2 e £ 4R B 93 T 9 473K 57, SOD
EIRVASRIRINA B IUNE N B S0t/ E <R /IR ZNINEin!
Yo ATAER BT, SODREEE M5 LW %
PEIK P UIAR G, OO 1 7228 Ak TV Sy HL AR R
RSP ERR AR, S T ARk S e T LR HE
il A f LR I RE Ty . AR SLERAE R KW, SODE
TR, A ARATE R DY R AR e A
T 240 | h S F I g T SODI T, BBt
TR B8 TR A WL ST AL SR RE ) IR B, 25
EIHE NG, XUl R ARAX ALK
G BE A e, RIS B 3E T AR AT 6 58 1 52 i)
38 ) 5N R o I I A e i AR R

http://www.scxuebao.cn


http://www.scxuebao.cn

762 KorE ¥R

0 E

U7 PR 4L AN - 7 0 2 5 R B 20 A S A )
Bl VR i 07 S8 AR DG R R R s B T i, R I 9 I
o7 R e AR T T B B, T R P BE AE
KB T, TSR K P i R 2™ R A A A
IEH S PR RE A0 R

4 g

g5 LRk, A5 EE RAESE T AR T n-3/n-6
HUFAZE & B 70 il (18.97~23.04) . #5132 56
A KRR tERe, S T iR gl
BB 4> FUNE D5 FR AL R o 1 H ARA R AE FH 251
7 A R B, B L, DR AR A TR I A
n-3/n-6 HUFAT; B/ JE 4% o

SE R

[1] Watanabe Y G. An organ culture study on the site of de-
termination of ACTH and LH cells in the rat adenohypo-
physis[J]. Cell and Tissue Research, 1982, 227(2): 267-
275.

[2]  FREE AR WA AE. RDRE A2 DU AR N A & 1

DRSS B o1 0 1 S [ B R & AL D], 7K™ 244,
2017, 41(4): 588-601.
Zhang Y Q,Xu H G,Cao L, et al. Effects of dietary
arachidonic acid on the sex steroid hormone synthesis in
turbot broodstock before maturation[J]. Journal of Fish-
eries of China, 2017, 41(4): 588-601(in Chinese).

[3] Lands W E M, Byrnes M J. The influence of ambient
peroxides on the conversion of 5, 8, 11, 14, 17-eicos-
apentaenoic acid to prostaglandins[J]. Progress in Lipid
Research, 1981, 20: 287-290.

[4] Harel M, Gavasso S, Leshin J, et al. The effect of tissue
docosahexaenoic and arachidonic acids levels on hyper-
saline tolerance and leucocyte composition in striped
bass (Morone saxatilis) larvae[J]. Fish Physiology and
Biochemistry, 2001, 24(2): 113-123.

[5] XuHG, Ai Q H, Mai K S, et al. Effects of dietary
arachidonic acid on growth performance, survival, im-
mune response and tissue fatty acid composition of ju-
venile Japanese seabass, Lateolabrax japonicus[J].
Aquaculture, 2010, 307(1-2): 75-82.

[6] Koven W, van Anholt R, Lutzky S, et al. The effect of
dietary arachidonic acid on growth, survival, and cortisol

levels in different-age gilthead seabream larvae (Sparus

http://www.scxuebao.cn

[10]

[11]

[12]

[13]

[14]

[15]

auratus) exposed to handling or daily salinity change[J].
Aquaculture, 2003, 228(1-4): 307-320.

Van Anholt R D, Spanings F A T, Koven W M, et al.
Arachidonic acid reduces the stress response of gilthead
seabream Sparus aurata L.[J]. The Journal of Experi-
mental Biology, 2004, 207(19): 3419-3430.

A, IR E X BB B (Eriocheir
sinensis) S5 M MRS RE /) BURE R [D]. b g
K2, 2011

Qiu R J. Effect of dietary fatty acid nutrition on the im-
munological ability and resistance to hypoxia in Chinese
mitten crab (Eriocheir sinensis)[D]. Shanghai: Shanghai
Ocean University, 2011 (in Chinese).

XUPEHE. KEEBF L -1 5 85 8 1 U 77 £ B FE[D].
i P EEEEOREE, 2010.

Liu X W. The study on protein nutrition physiology of
Turbot Scophthalmus maximus Linnaeus and Half-
Smooth Tongue-Sole, Cynoglossus semilaevis
Gunther[D]. Qingdao: Ocean University of China, 2010
(in Chinese).

AOAC. International Official Methods of Analysis of
AOAC International[M]. 17th ed. Gaithersburg, MD,
USA: Association of Analytical Communities, 2002.
Folch J, Lees M, Stanley G H S. A simple method for the
isolation and purification of total lipides from animal tis-
sues[J]. Journal of Biological Chemistry, 1957, 226(1):
497-509.

Metcalfe L D, Schmitz A A, Pelka J R. Rapid prepara-
tion of fatty acid esters from lipids for gas chromato-
graphic analysis[J]. Analytical Chemistry, 1966, 38(3):
514-515.

20, RALH, #H, & FRHIR TR RZE 64
o A KA RR AN UL I T BR 4L R I WAL [T, B8 97 %
%, 2015, 27(5): 1421-1430.

LiSM, Wu L X, Jiang Z Q, et al. Effects of dietary lip-
id source on growth performance and muscle fatty acid
composition of Juvenile Turbot (Scophthalmus
maximus)[J]. Chinese Journal of Animal Nutrition, 2015,
27(5): 1421-1430(in Chinese).

Bessonart M, Izquierdo M S, Salhi M, et al. Effect of di-
etary arachidonic acid levels on growth and survival of
gilthead sea bream (Sparus aurata, L.) larvae[J].
Aquaculture, 1999, 179(1-4): 265-275.

A5 . ek g T R X et 4yt A A R IR M R


http://www.scxuebao.cn

54 R, 5. n-3/n-6 HUFAXT KR 6P A R PERE . A £ R D7 R 20 1AL 1 A= AL 4 b 1) 52 ) 763
REWi R RAR M REIA[D]. T & o B K, 2013. Ai Q H, Yan J, Mai K S. Research progresses of lipids
Xu H G. Effects of dietary fatty acids on growth per- and fatty acids transport in fish[J]. Acta Hydrobiologica
formance, health and accumulation of lipids and fatty Sinica, 2016, 40(4): 859-868(in Chinese).
acids in juvenile Japanese seabass (Lateolabrax ja- [23]  EUNE, ¥, WO, 55, 3P R &l Ak
ponicus)[D]. Qingdao: Ocean University of China, 2013 Koo AR AR 7 B AL B RE WA [T]. WYL 22 B o
(in Chinese). WEREIEERR), 2007, 26(3): 237-245.

[l6] Furuita H, Yamamoto T, Shima T, et al. Effect of Wang J T, Han T, Tian L X, et al. Impact of three veget-
arachidonic acid levels in broodstock diet on larval and able oil sources on growth, body composition and tissue
egg quality of Japanese flounder Paralichthys fatty acid composition of juvenile cobia (Rachycentron
olivaceus[J]. Aquaculture, 2003, 220(1-4): 725-735. canadum)[J]. Journal of Zhejiang Ocean University

[17]  F3RVE, Z AR, 1, & BIRX AR 0E K50 (Natural Science), 2007, 26(3): 237-245(in Chinese).
oM K R ML 73 R [1]. /K= 229], 2015, 39(7): [24]  Rainuzzo J R, Reitan K 1, Jorgensen L, ef al. Lipid com-
1079-1088. position in turbot larvae fed live feed cultured by emul-
Zuo R T, Mai K S, Xu W, et al. Advance of studies on sions of different lipid classes[J]. Comparative Biochem-
the effects of fatty acids on immune responses and nutri- istry and Physiology-Part A: Physiology, 1994, 107(4):
tional regulation mechanism in fish species[J]. Journal of 699-710.

Fisheries of China, 2015, 39(7): 1079-1088(in Chinese). [25] Karalazos V, Bendiksen E A, Dick J R, et al. Effects of

[18]  Montero D, Mathlouthi F, Tort L, ef al. Replacement of dietary protein, and fat level and rapeseed oil on growth
dietary fish oil by vegetable oils affects humoral im- and tissue fatty acid composition and metabolism in At-
munity and expression of pro-inflammatory cytokines lantic salmon (Salmo salar L.) reared at low water tem-
genes in gilthead sea bream Sparus aurata[J]. Fish & peratures[J]. Aquaculture Nutrition, 2007, 13(4): 256-
Shellfish Immunology, 2010, 29(6): 1073-1081. 265.

[19]  ERSR, BH755, %5 H, 5. K0 (Lateolabrax [26] & EE. G R A AL AL VYA R K 0 2
Japonicas)XF R TEAE DUAR IR 1) 75 SR &= 7). vl R4 (Cynoglossus semilaevis)ME £ . ]I 7 R 28 i S A
HEJE, 2016, 37(5): 46-55. AR G 3 R R IE BRI [D]. 3 8y b B g R,
Wang C Q, Liang M Q, Xu H G, et al. Requirement of 2015.
arachidonic acid in adult Japanese seabass (Lateolabrax Yuan Y X. Effects of dietary lipid and arachidonic level
Jjaponicas)[J]. Progress in Fishery Sciences, 2016, 37(5): on growth performance, fatty acid composition and
46-55(in Chinese). genes expression of metabolism related enzymes of lar-

[20] Hdhdh, ERRIE, R, 2. WR P DHA/EPAE X £ val half-smooth tongue sole, Cynoglossus semilaevis[D].
BV g 0 A AR ZH BRIV AR B bR I RS [T, Qingdao: Ocean University of China, 2015 (in Chinese).
IKF=E43R, 2014, 38(2): 244-256. [27]  Bransden M P, Cobcroft J M, Battaglene S C, ef al. Diet-
MalJ, WangJY, SunJ Z, et al. Effect of dietary DHA ary arachidonic acid alters tissue fatty acid profile, whole
to EPA ratios on growth performance, body composition body eicosanoid production and resistance to hyper-
and serum physiological parameters in juvenile Platich- saline challenge in larvae of the temperate marine fish,
thys stellatus[J]. Journal of Fisheries of China, 2014, striped trumpeter (Latris lineata)[J]. Fish Physiology and
38(2): 244-256(in Chinese). Biochemistry, 2004, 30(3-4): 241-256.

211 X5 F A xR VUG IR i 75 >R 5 1R [D]. il [28]  Villalta M, Estévez A, Bransden M P. Arachidonic acid
Sk lisk K&, 2008. enriched live prey induces albinism in Senegal sole
Liu L. Requirement and regulation of arachidonic acid in (Solea senegalensis) larvae[J]. Aquaculture, 2005,
young cobia (Rachycentron canadum)[D]. Shantou: 245(1-4): 193-209.

Shantou University, 2008 (in Chinese). [29] Kalogeropoulos N, Alexis M N, Henderson R J. Effects

[22]  SEPOME, P, ZEREAR. ISR IS R DT RR M FE s S A of dietary soybean and cod-liver oil levels on growth and

PR AUk R [I]. AKAEAE 4R, 2016, 40(4): 859-868.

body composition of gilthead bream (Sparus aurata)[J].

http://www.scxuebao.cn


http://www.scxuebao.cn

764 KorE ¥R

0 E

Aquaculture, 1992, 104(3-4): 293-308.
[30] Rodriguez C, Perez J A, Izquierdo M S, et al. Essential
fatty acid requirements of larval gilthead sea bream,
Sparus aurata (L.)[J]. Aquaculture Research, 1994,
25(3): 295-304. [37]
[31]  3KIHE. AS[F LG TDHA/EP AN 25 8 1 HE #1164 KA
NG WM [D]. il Sk Sk K2, 2007.
Zhang H Z. Effects of different ratios of DHA/EPA on
the growth and fatty acids of cobia (Rachycentron [38]
canadum) juvenile[D]. Shantou: Shantou University,
2007 (in Chinese).
[32] SargentJ R, Bell J G, Bell M V, et al. Requirement cri-
teria for essential fatty acids[J]. Journal of Applied Ich-
thyology, 1995, 11(3-4): 183-198.
[33] Anderson D P. Immunostimulants, adjuvants, and vac-
cine carriers in fish: applications to aquaculture[J]. An-
nual Review of Fish Diseases, 1992, 2: 281-307. [39]
[34] et AKAZHYI10FN AR Ak G 2T R TEE R[]
KA K ZE2ZEH (B BHR), 2005, 2(11): 67-72.
Long H. Research advances on 10 nonspecific immune
molecules of aquatic animals[J]. Journal of Yangtze Uni-
versity (Natural Science Edition), 2005, 2(11): 67-72(in
Chinese). [40]
[35]  XUMSE, VLWRRE, AR, S5, 4y 22 0t v [ X i ofn
THIE NG BERREG AT A YmE B 1R F (). e 5]
VA, 1999, 30(3): 278-283.
Liu S Q, Jiang X L, Mou H J, et al. Effects of immun-
opoiysaccharide on LSZ, ALP, ACP and POD activities
of Penaeus chinensis serum[J]. Oceanologia et Limnolo-
gia Sinica, 1999, 30(3): 278-283(in Chinese).
[36] i, VLIWERK, XURIH, 4. G 2 W0 Fi L DUIR [41]
PEBETR N 00 1 Tl TR I P R 2P B il v P 1 52
W), T SR LA, 1999, 29(3): 463-468.
Mu H J, Jiang X L, Liu S Q, et al. Effects of immuno-

http://www.scxuebao.cn

polysaccharide on the activities of acid phosphatase, al-

kaline phosphatase and superoxide dismutase in Chlamys

farreri[J]. Journal of Ocean University of Qingdao,

1999, 29(3): 463-468(in Chinese).

Bell J G, Tocher D R, Farndale B M, et al. The effect of

dietary lipid on polyunsaturated fatty acid metabolism in

Atlantic salmon (Salmo salar) undergoing parr-smolt

transformation[J]. Lipids, 1997, 32(5): 515-525.

e, WA, AT, 5. RIS e H ko

JUGHEE T I JHF e 470 AL 46 B A i B AL & &
GRZIA[T]. IKFEEEAR, 2007, 31(2): 235-240.

Liu X H, Cao J M, Wu J K, et al. Effects of dietary

glutathione level on growth performance, antioxidant in-

dexes and lipid peroxide content of hepatopancreas in

Litopenaeus vannamei[J]. Journal of Fisheries of China,

2007, 31(2): 235-240(in Chinese).

FE ARV . ARDRH G U3 TR R 7 KT G % 0 R B I R A K

HIWIEHE D], 5 & K, 2013,

Zuo R T. Preliminary study about regulation of dietary

fatty acid on immunity and fatty acid metabolism in

large yellow croaker (Larmichthys crocea)[D]. Qingdao:

Ocean University of China, 2013 (in Chinese).

B, R, R, 45 RN AR 4 ARG

BT E AL B VE PRI S [T]. KA AR, 2012,

36(1): 137-142.

Feng G P, Zhuang P, Zhang L Z, et al. Effects of water

temperature on metabolic enzyme and antioxidase activ-

ities in Juvenile Chinese Sturgeon (Acipenser

sinensis)[J]. Acta Hydrobiologica Sinica, 2012, 36(1):

137-142(in Chinese).

Yang J H. Perfluorooctanoic acid induces peroxisomal

fatty acid oxidation and cytokine expression in the liver

of male Japanese medaka (Oryzias latipes)[J]. Chemo-

sphere, 2010, 81(4): 548-552.


http://www.scxuebao.cn

538 W, 4. n-3/n-6 HUFAXS KZEGF4) 0 A K PERE | 42 £00 IR 107 TR 2K S0 1ML V5 A AL 48 A 1 52 T 765

Effect of dietary n-3/n-6 HUFA on growth performance, fatty acid composition
of whole fish and serum biochemical indices in turbot (Scophthalmus maximus)

TAN Qing ?,  WANG Jiying®>, LI Baoshan® LI Xueli'?, HAO Tiantian’>, ZHANG Limin >

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

Abstract: An 8-week feeding trial was conducted in a recirculated system to study the effect of dietary n-3/n-6
HUFA (D1: 29.54, D2: 23.04, D3: 18.97, D4: 9.06, D5: 6.86, D6: 3.87) on growth performance, the fatty acid
composition of whole body and serum biochemical indices in turbot (Scophthalmus maximus). Six diets were for-
mulated to feed six groups of juvenile turbot [mean initial weight (12.18+0.01) g], respectively. Each diet was ran-
domly fed to triplicate groups of 35 fish per tank. Results showed that dietary n-3/n-6 HUFA had no significant ef-
fect on the survival rate(SR) of turbot. With the decreasing of the dietary n-3/n-6 fatty acid ratios, the weight gain
rate (WGR), protein efficiency ratio (PER) and specific growth rate (SGR) increased first, then decreased. And
WGR, PER and SGR of D6 group was significantly lower than other groups. PER of D2 group was significantly
higher than other groups. Crude protein and ash of whole body increased at the beginning and then decreased.
Crude protein and ash of muscle of D6 group was remarkably lower than the others. The fatty acid composition
analysis showed that the concentration of ARA increased with decreasing of dietary n-3/n-6 HUFA, while EPA,
DHA, n-3/n-6 PUFA and n-3/n-6 HUFA content followed the opposite pattern. Acid phosphatase (ACP) and su-
peroxide dismutase (SOD) were increased among dietary treatments. Serum lysozyme (LZM) activity increased
with reducing dietary n-3/n-6 HUFA from 29.54 to 23.04, and decreased with further decrease of n-3/n-6 HUFA
from 23.04 to 3.87. Total antioxidant capacity (T-AOC) showed a similar trend with serum lysozyme activity with
the highest value in the ratio of 18.97, significantly higher than that in the control and ratio of 3.87 groups. These
results suggested that dietary n-3/n-6 HUFA, especially moderate n-3/n-6 HUFA (18.97~23.04), enhanced growth

and immune response and modified the chemical composition of whole body and muscle of juvenile turbot.
Key words: Scophthalmus maximus; n-3/n-6HUFA; growth; fatty acid; serum biochemical indices
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