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R i K 2 B & X SR €8 (Pampus
argenteus) i & Il & A = B2 1 &
AR EE B

kEHE W HREH O EksY TN
My R AR I S PR R IET R R T S8 T EUK P RRERT R B AR I K BFSE AT 1% 200090)
WE R 4E(Pampusargenteus) 2 I 5 E E N A 2K KPR A X SRR 4 B AT A TE A
Berk, BRARAR, HRaERER, REFEEEF, BLEF L 100% & 5#H(FO). 70% & i Fn
30% A E 3 (FSO) . 30% & it f1 70% Kk Z 38 (SFO). 100% A T 31 (SO) 4 flg B IR 7 4 4177 £, Al 4R 8
4 & ML VW BE(LZM) A A AL A R R L E UL, DR R AR R K ol A R f i 4R 48 4 & 2 R
Wy, R 57K, SFO 4 f7F LZM K-F& &, SO 4 &K, E4&4 08 % #1 % %(P>0.05), FSO
F1 SFO 41 89 LA W — B (MDA) & & & % & T FO #1 SO 41(P<0.05), if I MDA 4 & l| &2 FO #2 FSO
4 3 5 (P<0.05) ., v F0 AL A1 #8414 B AL B (SOD) #n 1t 4, 14 4 B (CAT) 7 /7 5 & By 21  SFO 41, T
SO #4175 /1 821K, AB X3, AT L SOD #n CAT & 1 %1% FO 4 % 5 (P<0.05). LA A fF JE & 40 & b 6k
7 (T-AOC)# & FO #1 FSO 4 %75, & T-AOC = SO AR & ., R KW, THER 30%F 70%
s, IR & p A A NG A RIER, EXAEA T ime YR A R E .
XEIR  KELS L EMBRER; R AN LA AL
FESES Q963 XHIFRIZEE A XEHS  2095-9869(2017)03-0115-09

KA 22 A1 0BG W R (LC-PUFA) S 3 ) 4k 5 1E
WK R E A PRI RE A EELE SR N, B Al
WG4 oy . JAE A FR TR IR 7 56 [ R TR S5 D B (Xie
et al, 2015) RIEEE 1 A~ XUk I B ki B2 1Ak B 74X
H, "¥ LC-PUFA 43K n-3 il n-6 %%, Hr, n-3
LC-PUFA FZALHEWIRHR(ALA) , 1% T M 2 (EPA)
M=+ B NKERR(DHA) ; n-6 & £ E A3 W IR (LA)
LA VDR TR (AA)(ZE SR 555, 2015), il iy n-3
LC-PUFA & &5 , 1 K/ Y i 1) n-6 R & &t
B, n3 REmBMEE%A gL . Bt
7H)(Turchini et al, 2009), AS[F] 2 LC-PUFA & il

FIARTE], — AR IR K e 82 B C18 PUFA
HAkh LC-PUFA MRETT, Tk, BRERhdE
A, KEZMWEY PRI LC-PUFA, H5 &7 Ahk,
it LC-PUFA # FK h 06 75 G Wi 2 (EFA)(Geay et al,
2015),

TR SR AT B, S 2 Uk B HL A%
B, PEE K IR AT RRLE K R o KEY I B IR
Fw, HMMAREE, 2808 H A kAR S (M R4,
2015), {Hi FHEDH T &4 KERN n-6 LC-PUFA,
MiAAX} B = n-3 LC-PUFA, FHE Y B il S 28
Tk ) n-6/n-3 LC-PUFA 0] % A= ol 725 (475 2 45,
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2015), FCA Gk b A FH AR 9 9 2 AR f il B AR 0 AR K
PERERZ AN, (HH R H 51 LC-PUFA A i
BE, o0 R Y N, n-6/n-3 LC-PUFA
A BRI, SrZmfg IS, 1b Rt L2
KR, g hnfa kgl 209 & AR il |k i
DN A i TR A A AN M = W A o N 1 I o X 7
S5k LC-PUFA X g 2 ad S8 Ak I B+ 43 Ml Je&
(Villasante et al, 2015), J+H n-3 LC-PUFA [t n-6
LC-PUFA ® %% 5y & A Mg ot i S0 Ak B g (HH i o 46
2015), TMifRZE T E AL =W, WS [ (MDA) &8 F
R R S50 5 ThRE, M HLIAST RS R ReTifg .
Ft, 1409 LC-PUFA Pt L RE v 5 £l a4, X
(11287 U P & &2 A AR SN B 1 Y 4195 34 B A

4R 8 (Pampus argenteus)7E H [ 45 1 38k 2465 43 7
(XIFREE, 2002), DAZRMEICHRIT I (I B PO AT
W) B IR et e, RIRIBEE WS M, B
ARG FRFETE AW 1 (M AR, 2015), H 21 22
7, [ PN ki 22 SR AR B8N T F M IR R 1l
FIRFE, RE IS T — & BHEE R (i IR 9 55, 2011,
4%, 2010a), HUAFTEE B A &, AR
RS | kK EH AR B2 14, 2010b; Peng

etal, 2013), wARLHHERE BB AN TET X
FEBEAME T B AR o A 5 38 3o 7 DR s IS [R] H A )
FIM 5 R G, 43 M R T R AR i AR B8 4 £ il
R B A 2P B A M RE R, DA A SR B AR R 4
N T RS RO & | FRARIRDRE LA | 1G5 £ fA {4
Ji . SR RS R

1 MR57EZ%
11 XBRBRAMEGE

Scm Mo N TR R R EELh 4 i), ¥iin
MG . IR N(17.226.7) g, XK H(8.5£0.9) cm, fHlFF
A TE] R 2013 4F 7-9 H RSS2 58 BRI /K R A 24-29°C
RN 2427,

I PL 100% 3 (FO) . 70% 3 A1 30% K 3
(FSO). 30%faiHFl 70% K & i (SFO). 100% K & iH
(SO AR MR RCHI S5 . 456he . FRRRY 4 dliak}, I
TR LR 1, BERTRRAL AL LR 2. Tkl (/K
210 50%, Bei K290 16%., B kR RNE S 7
SMRATE ., FALAILE R 2 mm AP0k, T 25 CHEAS
TS, T—20°C k4 PR A2 .

F1 KIEAREYER

Tab.1 Ingredients and proximate composition of the experimental diets

A%} Experimental diets

JE B} Ingredients
FO FSO SFO SO

20 i, Ingredients (g/kg)
44} Fish meal® 610 610 610 610
S Soybean meal® 160 160 160 160
¥ Wheat flour® 100 100 100 100
131 Anchovy oil 100 70 30 0
KT3I Soybean oil 0 30 70 100
A4 % Vitamin premix® 20 20 20 20
2 & W ¥ B Mineral premix® 10 10 10 10

E 7 B4 Proximate composition (%)
M & H Crude protein 49.62 49.95 49.73 50.14
Mg Crude fat 16.29 16.36 16.46 16.02
K4y Ash 10.43 9.98 10.12 10.01
n-3 LC-PUFA! 5.18 4.01 3.02 2.22

a. EASENSECTYE): Bk, 67%EMA . 10.0%0807; T, 43%EH. 1.9%0805; TH, 12%EH. 1.6%
Wi o b. & kg TR LB 400 mg, MARR 150 mg, ZMRES 44 mg, 44 E B, 20 mg, 44 ZE Bs12 mg, 44 E K; 10 mg,
A% By 10 mg, 4i4E A 7.3 mg, MR 5mg, EWE | mg, 442 D;0.06 mg, 4i4 X B,0.02 mg, 44K C 400 mg,
#id: % E 500 mgoc. F kg 1K £ . KH,PO, 22 g,FeSO4-7H,0 1.0 g, ZnS0O,4-7H,0 0.13 g, MnSO,4-4H,0 52.8 mg, CuSO,-5H,0

12 mg, CoSO47H,0 2 mg, KI2mg, d. MKHEIERE T & &> 5 n-3 LC-PUFA H 4L

a.” Proximate composition as % dry weight. Fish meal: 67% crude protein, 10.0% crude lipid; Soybean meal: 43% crude
protein, 1.9% crude lipid; Wheat flour: 12% crude protein, 1.6% crude lipid. b. Supplied (/kg diet): Myo-inositol, 400 mg;
Nicotinic acid, 150 mg; Calcium pantothenate, 44 mg; Riboflavin, 20 mg; Pyridoxine hydrochloride, 12 mg; Menadione, 10 mg;
Thiamine hydrochloride, 10 mg; Retinyl acetate, 7.3 mg; Folic acid, 5 mg; Biotin, 1 mg; Cholecalciferol, 0.06 mg;
Cyanocobalamin, 0.02 mg; L-ascorbic acid, 400 mg; Dl-a-tocopherol acetate, 500 mg. c. Supplied (/kg diet): KH,PO,, 22 g;
FeSO4-7H,0, 1.0 g; ZnSO,4 7H,0, 0.13 g; MnSO,4-4H,0, 52.8 mg; CuSO,-5H,0, 12 mg; CoSO, 7H,0, 2 mg; KI, 2 mg. d.

Calculated from lipid content x ¥Xn-3 LC-PUFA
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2 ARIBERAERLB (%, 5 SRR L))
Tab.2 Fatty acid composition of the experimental diets (% of total fatty acids)

SLu TR Experimental diets

JE TR Fatty acids

FO FSO SFO SO
TG WifR Saturated Fatty acids 29.10 28.86 27.01 25.06
FANE AR IR SMUFAs 28.94 28.19 28.08 27.36
C18:2n6 7.41 11.15 20.75 27.71
C18:3n6 0.18 0.24 0.28 0.30
C20:4n6 3.13 1.69 0.71 0.63
n-6 Z A FIEHFER Zn-6 LC-PUFAs 10.72 13.08 21.74 28.64
C18:3n3 1.23 1.94 2.94 3.62
C20:3n3 0.23 0.20 0.16 0.14
C20:5n3 14.92 12.06 8.65 5.97
C22:5n3 1.81 1.51 1.18 0.92
C22:6n3 12.82 10.75 8.34 6.82
n-3 Z A ME RS = n-3 LC-PUFAs 31.00 26.45 21.27 17.46
n-3/n-6 2.89 2.02 0.98 0.61
Zn-3 LC-PUFAs 29.78 24.51 18.33 13.84

1.2 LIt

Pkt 600 Z5ARF T . R EIER FRIES) fi, F
HET 16 m® (= R KR i, AR 4 5
3AESE, 12 Ak, DUREIN K SIm iR
T 1, fEFERE D 2013 4589 H, i1 60 d. A
FEWIE], 24 h ARIWTFEA, BRMERIE 2 % (08:00
F116:00), H¥/KEH 40%,

FAK e 3 BAEFEEAECN 9), 4 100 mg/L
MS-222 RS, 1 ml Jop g a BRI, &
TR ELE], 4°C#rik 12 h, 4000 r/min Z5.0> 15 min,
B RTE W RILE , 7ErEk s, BmLe . ir
WELHZY, FHAEBRER K IEYE, JF A0 oK 43, i
. WL TR B 70 C A7 4 H o

1.3 FEFREE

I 355 5 T B (LZM) 3% 7 R ek i o WLER R R
N (MDA) & ok RS B HL 2R 46 & th ek 8
ALY AL (SOD) I J) ok FH B G4 S (L B, G
Hf7(U/mg prot B¢ U/ml)E LR . B2 i 241 5,
R MIEAE 1 ml S A B B RR
50%HHf BT Xof 1 Y SOD . 3o 48 Ak S il (CAT)TE /1%
Fbtas, BENGHA7(U/mg prot B¢ U/ml)iE SLh: B2
b 2L B 2 T IS B AD SR 4% 1 pmol (W
H,0,. St AL HE J1 (T-AOC) AL H5 B 42 A3k B L 4
Z, B U/mg prot i, U/ml F/n: B8 E2Z704H
U AR B B 2 T LT A SN AR R WOEE (OD)

B0 0.01 . & HitEAR t g U AR ) T ARERIT S i iR
G, UL A EOR BRI

1.4 HEALIE

B DL 34 (8 £ 45 fE 22 (MeantSD) £k, K
SPSS 19.0 HA{xF AR R4l o 45 T A A s 2 A T e it 5
G0, i LR J5 225317 (One-way ANOVA), it
T 2555 R0, AN B 7 225 bEm), P BdR#E T A
SRR AR 448, SR Duncan’s #1722 H K,
P<0.05 M #2255 . H Excel 2007 £l K 3% .

2 HERE5HH

21 SREHHEMFLZM FEAH

b, KGR X AR BR 4 LTS LZM
WG LI 1, IR 1 AT, SFO 4 (n-3 LC-PUFA,
3.02%) LZM 1% J1 5% 5 [(50.98+6.79) U/ml], SO #H(n-3
LC-PUFA, 2.22%)#fK[(35.29+11.77) U/ml], {HA&4H
] 22 %A i 3 (P>0.05).

22 SREEH&ALAFATAE MDA &£

TN 2 i, ARER L) LA FIFIE MDA &5 i Fifi s
BER E AR K- 2 AR A LA MDA
RIS FSO 41 (n-3 LC-PUFA, 4.01%), ~(1.88+
0.28) nmol/mg prot, 7 fE i fKAYZ SO 41(n-3 LC-PUFA,
2.22%), “4(0.93+0.20) nmol/mg prot, FSO I SFO #H .
F =T FO il SO 4H(P<0.05). AFAE MDA 5 i A Je:
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FO #41(n-3 LC-PUFA, 5.18%), }(4.370.59) nmol/mg prot, £ or
S ERILAE SFO 4 (n-3 LC-PUFA, 3.02%), M(1.48+ o 60f a ?
0.28) nmol/mg prot, #%ZH[BIIIFFTE i3 25 7(P<0.05). E 50+ -T- l a
1

2.3 $REgKfamE. ALAFATAE SOD i&EH s4or [

DR A R e K XA B 0 e . LA g0
FUEAE SOD i 1z WLIE 3. Bl 4, M 3 /ILLE R 20
Hi, [ SOD i H I SFO 4l(n-3 LC-PUFA, 2 o}
3.02%), 4(50.32+6.15) U/ml, 1% J1 f K A9 & SO 4 (n-3 g 0 . . . .
LC-PUFA, 2.22%), 4(29.81+6.60) U/ml (P<0.05), M FO Fsoﬁﬂ DietsSFO sO
K 4 TLIE H,SFO ZHLIA SOD i% J1de s, b(27.14+

B 1 ARDRE R I i R A A v X AR BE 4 £

6.57) U/mg prot, 1 JEAKEA SO 4, H(14.67+
4.59) U/mg prot, SFO 41 3 & T FO F1 SO 41(P<0.05).
JFAE SOD i J1 i i S FO 4{(n-3 LC-PUFA, 5.18%),
F9(166.06+24.21) U/mg prot, 1% HEAKHIE SFO 4, H
(52.40+4.82) U/mg prot, FO 41 . #7& T HiAth 3 4, SFO
0 o AT HAD 3 24H(P<0.05).

L35 75 T T 175 1 B T
Fig.1 The effects of dietary substitution of fish oil by
soybean oil on LZM activity in serum of juvenile P. argenteus

AR TR R 225 .3 (P<0.05), TA
Different letters indicated significant difference (P<0.05),
the same as below

25 16
_% A B WLA Muscle =
'%02'0 i —-L A i O JHFJE Liver 45 _I'i;
E 21 L E
= b 1423
TR S o T s
R B - {382
E £ o - @ g
< 1.OF | e H
=g o d 125§
S s B
EO05F e 14 g

0 . 1 . 1 . 1 . 1 1 1 1 0

FO FSO SFO SO FO FSO SFO SO
¥l Diets
B2 bl Hp o G R AR A R R 88 40 e LR A P e 1 R )

Fig.2 The effects of dietary substitution of fish oil by soybean oil on MDA content in muscle and liver of juvenile P. argenteus

24 REEZHEIMF. ALAFIFFAE CAT i&H

TP S A A T T AR BE 4 a3 LPR RN AT
CATIE Sy sz WIS | Bl6. MIEISFTLAE i, HiLih CAT
T 1 &% & By & SFO 41 (n-3 LC-PUFA, 3.02%), A
(1.79£0.25) U/ml, #zfI% 19 J& FSO 41 (n-3 LC-PUFA,
4.01%), H}(1.28+0.09) U/ml, SFOZH & & & T HAthH
(P<0.05). MEl6rTLIE Y, WLACATIE J1 = /2 SFO
ZH, 4(0.88+0.23) U/mg prot, & Y& FO4H (n-3
LC-PUFA, 5.18%), 4(0.36+0.10) U/mg prot, SFOZ
CATIF /7 W 5 T HAb 40 (P<0.05) . AFHECATIE /1 5%
EHIJEFOZH, H(1.57+0.52) U/mg prot, fKHIIESO
2 (n-3 LC-PUFA, 2.22%), “4(0.41+0.09) U/mg prot,
FOZLCATIE 77 it 2 & T HAh 41(P<0.05).

60 r a
a a i
RIS T i
yo E
&240 1 b
A
3 30 [
)
B
< 10t
0 1 1 1 J
FO FSO SFO SO
fA¥} Diets
B 3 ARk sp R S A A X AR BR 4
1.3 SOD {if J7 (35 M

Fig.3 The effects of dietary substitution of fish oil by
soybean oil on SOD activity in serum of juvenile P. argenteus
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SHIR AR T VAR BE (Pampus argenteus) 4 fi I3 Vs T B 1 e 2 2t

SEALRE T RZ 119

CJALA Muscle
40 1 [OJiTi Liver a 1200
g5t A l 180 3
= -160_R~.§:
ﬂEBO- ; {140 & 5
%fzs- AB R L %E:
X 2 b 120 X8
§E J_ L e
SE0f 1 11005 £
g | - 180 E3
83 15 %3
B %5 e 460
=210} EZ
g 19 3
Q
< 5t 12
0 o 1 1 1 1 1 0
FO  FSO  SFO SO

FO FSO SFO SO

%} Diets
Pl 4 DR R DR A A ur SRR &) £ UL P AR E SOD i 1 52

Fig.4 The effects of dietary substitution of fish oil by soybean oil on SOD activity in muscle and liver of juvenile P. argenteus

25
.RT'E 20} ?
o % b b
Jﬂ%ﬁ 1.5 T b i
Rz
205
0 . . . .
FO FSO SFO SO
Akl Diets
B 5 ek R AR A X AR B 4h £

ML CAT ¥ J3 52
Fig.5 The effects of dietary substitution of fish oil by
soybean oil on CAT activity in serum of juvenile P. argenteus

25 iREEZhE&IME. ALAFIATAE T-AOC

L% T-AOC #% 5 1Y /£ SO4H (n-3 LC-PUFA, 2.22%):
(11.22+£5.97) U/ml, #z K B2 FO4l (n-3 LC-PUFA,
5.18%), K(3.37+1.17) U/ml, SO#H & # & TFO4H
(P<0.05), MIKISATLIF 1, WLAT-AOCH: = 1J2FSO
2H(n-3 LC-PUFA, 4.01%), “4(0.78+0.30) U/mg prot,
RARAYESO4, 4(0.41+0.08) U/mg prot, £54H 0%
AR E(P>0.05). HFHET-AOCH: & )2 FO4L, M
(2.26+0.17) U/mg prot, ffK#Y&SFOZ (n-3 LC-PUFA,
3.02%), (1.18+0.13) U/mg prot, FO4 i # = T-SFO
FISOAL, SFON| & Ik T HoAth £H (P<0.05).

3 itie

I BH 0 S ARDRE A B AR W 8O0 23 S R £2 PR i

Tl S T R A A X AR BB 4 f0 0 L LRI AL b AR, £y g D e S fe R Yo AP B AR 4 T
fE T-AOC MM ILIE 7. & 8. MK 7 AT LLE H, H A3 AR T ke e ) a3 B (Pike, 2015) . (H TR
12 Yy
= A

g O LN Muscle =

20t l a @ JIFHE Liver 2o g

g 10 %

Qé % 08+ - l ey

2 {15& 3

W 3 W2

S E o6f b Q7

5 & B

pad> {10R S

KO 04l b ==

Igo.z- 105 2

< ’_L‘ <

0 1 T T ! L I 0
SFO SO FO FSO SFO SO

Al Diets
6 ik R b AR kxR B8 40 fa LR FDATIE CAT 3 J1 A5 i

Fig.6 The effects of dietary substitution of fish oil by soybean oil on CAT activity in muscle and liver of juvenile P. argenteus
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‘ fg [ . YEF 4% 3 5h45(2008) & 31, 15 & fi (Monopter us albus)
£l R AR 7 H ] PUFA 109 B 4 B R
gt " \ B IS
=l [ RBFFET, SFO LLHYHRARAN LT LZM K F-Jik
S s af 5, 1 SO 4UA%, FSO Il SFO 4UHIMHE S , {H 4541
ﬁ 6r b LRIFANRE, il LZM KA, ol e
g7 FAEAHY n-3 LC-PUFA WEAE T fi 2K Soyie 25 B 5
o JEL IR 3% A B H Sk B 1119 4 35 BT B (Zuo et al,

Fo F b Dise S0 2012), TS AR I, AR R 40 G

(S IVANTE S X S NISAY = A R POEs R /= F il

1% T-AOC 5
Fig.7 The effects of dietary substitution of fish oil by
soybean oil on T-AOC in serum of juvenile P. argenteus

LB Y = n-3 LC-PUFA, X — 263551 A 25 fid
FRE A2 A 5 TR i T G T S R (Zuo et al, 2015), ASHF
) R S R 3 S ) T AR A Dt B U5, 3 i
AIATT LY V5 TR . FF I AL IR H e SR AR dE hr 1 AR 1k
VR S A R i X R B A LA 2 Y S

TR K i X i X SR 88 4 & i TR BB Y

=1

LZM REEE RSN T, EERET
EMEARAL, XPAMEY A BIAER, AT LU M 2 HLAA
XFarA: B, AR DL SR FE I HE P RE 7T (Reyes-Becerril
etal,2014; B =%, 2015), i YA TRRNES IR I L fE
P2 LZM JKF-, BESRAGERE ). B T 55 (2005) K%
B, 68 (Engraulis japonicus)iii fE K IR IR, 4EE
2 E BYUS INRE 1235 42 5 K22 6 (Scophthal mus maxi mus)
I35 0 TR T T R T U s B R,
n-3 LC-PUFA 5 i X i v P 4 A R W WoR] A £ i

3.1

WA AR DEAE FH, e 48 0 3 D0 2 X6 4 B8 1 7 A

Y, BAh, 38 n-3 LC-PUFA 5 k4 i 8 Ak
N, A T e e A MRS, AT AR AR 928 1
fE(Gill et al, 2010). Bl , fk4EHF—E /) n-3 5 n-6
BL bl , X3 AR R e MR A e b VR

32 WHMKERBREMMREBHYEHRAUEXIE
N A

YIRS, BRISE SRR S PUFA I KR
LIRS TE—ERIE Lol ZIR RS | AL m) kA
PUFA SR 5 AL A 3N, 251 &5 Bl A
fb, & PN, 2MELRIEN, K&K
7=/E MDA, MDA FUKNASE . AR, ZIR% K
Oy F AT SR E S I N, (AR TE R B 3 AR
REAIC, S I X AL 3 B0 3 (£ 47 4%, 2010). MDA %
8 BE AT A ML G Tt AR B, T [l s
3 7= A AR E AR B | A Wi S B AL RE T
55 (Viarengo et al, 1995),

Mozanzadeh 25 (201585 & #, THE n-3
LC-PUFA /K2 ffi F i (Sparidentex hasta) T [ 1 1fiL
T MDA & CAT 36 134, AR5+, FSO

L2, 43.0
A
DAL Muscle
g 1.0 F a O I Liver 2.5 o
& T ab g
S Fost | 2 L b Ja0@
=) I R
B3 i L] gz
8 g06F i . {15 ﬁ_g
o g E S 2
& £ S I 2 g E
=3 oaf g f10=¢
< HE HE e
&= E E
02F it 405
0 Lol 1 1 1 i 1 1 1 1 0
FO FSO  SFO SO FO FSO  SFO SO
1A%} Diets
Pl 8 ek v o v A e R R 4T e L PR R ITE T-AOC 52 1)

Fig.8 The effects of dietary substitution of fish oil by soybean oil on T-AOC in muscle and liver of juvenile P. argenteus
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1 SFO 2H BY4RER LN MDA £ i 35 T FO 1 SO
4, JIFE MDA &8 & FO M1 FSO 2 B 35 %8, 1
B, %5 (4 4Rk n-3 LC-PUFA 25 2 fi 4R BB A [7] 20 41
) MDA % E Tt

FO ZANLIA MDA W& 84k, HALA MDA 5
SOD. CAT BRI, HEMHR N5 FO 4k
SOD. CAT fil T-AOC %5, S8z i) MDA #
BH R A, BRIl . ARy 2
WH, BREARSSBUFIEIRME AL, # i
Xof BRI ORI 5Z (Mozanzadeh et al, 2015), Moldal
(2014) &I, FEY AR A A0 236 K PG e (Salmo
salar) B F= RN Rag g, (i BE AR, R IR 4%
A b TRV 23 R0 I U TR P R LA o v Ak i I R e
WoE, it —sed g SmE s SRE, KR
iR 41 B X #0285 T 0% 52 ) et UL PR A 5 g T B
(Peng et al, 2014).

0 Pt SR AT 18 3R 5 43 Ry AR 5 Al Tl AR R
4y, H, SOD il CAT J& 2 NEE MNP AE, &
MTREA R bR IR N BB A 7 [ £ 0%) i &
(0) 3% [ Hh E(—OH) Rl HyO, 25155 1 48 ) I3 (65 WLk 4,
2002; Kanak et al, 2014), Luo Z(2012)0F 58 &3, i&
H AR LC-PUFA & & 1l A 308 = o7 B Z #iUE
(Synechogobius hasta)fit) SOD F1 CAT i /1, {Hid =&
wRAE—ERE LI CAT 1§51, Zuo 55£(2015)
KL, i H B PUFA n-3/n-6 {E(0.5) 7] LL4E = K 3 1
(Pseudosciaena crocea)fFIEf) SOD # CAT & /1, #
ZHER T 0.5, WIS A B R .

AbtgE, RO S AL SOD F1 CAT i 71
LY R SFO 41, i SO 41i% 1%k, Axtt, AF
fiE SOD HI CAT i J1 ) & FO #H % &5 (P<0.05), ¥iH,
Tk n-3/m-6 {Eid R AR E 2 MDA 45)Rl =
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Effects of Dietary Substitution of Fish Oil by Soybean Oil on the
Serum Lysozyme Activity and Tissue Antioxidant Capacity in
Juvenile Silver Pomfret (Pampus argenteus)

ZHANG Chenjie, PENG Shiming, GAO Quanxin, SHI Zhaohong"‘D, WANG Jiangang

(Key Laboratory for East China Sea & Oceanic Fishery Resources Exploitation and Utilization, Ministrty of Agriculture,
East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai  200090)

Abstract Long-chain polyunsaturated fatty acids (LC-PUFA) are essential fatty acids (EFA) and have
important roles in growth, development and physiological function of fish. Fish oil is characterized by
high content of n-3 LC-PUFA, but harvesting fish oil is controversial due to limited wild fish stock and
increased production cost. Silver pomfret (Pampus argenteus) is an important economic species in coastal
areas of China. There are many problems in the technological development of artificial breeding and
aquaculture for silver pomfret. For the purpose of researching and developing artificial feed, reducing feed
cost, improving fish health and survival rate, in this study, 4 experimental dietary groups were designed
for the feeding trial: 100% fish oil (FO), 70% fish oil and 30% soybean oil (FSO), 30% fish oil and 70%
soybean oil (SFO), and 100% soybean oil (SO). To explore the effect of substitution of dietary fish oil by
soybean oil on silver pomfret, serum lysozyme (LZM) activity and tissue antioxidant capacity were
measured. The results suggested that serum LZM activities were the highest in SFO group, and the lowest
in SO group, although no significant difference was detected (P>0.05). Muscle malondialdehyde (MDA)
contents of FSO and SFO group were significantly higher than that of FO and SO group (P<0.05). Liver
MDA contents in FO and FSO groups were significantly higher than that of any other groups (P<0.05).
The highest superoxide dismutase (SOD) and catalase (CAT) activities of serum and muscle were in SFO
group. By contrast, SO group had lower SOD and CAT activities than any other groups. The liver SOD
and CAT activities were found significantly higher in FO group than other groups (P<0.05). T-AOC of
muscle and liver in FO and FSO were higher than other groups, and group SO had the highest serum
T-AOC. This experiment suggested that replacing dietary fish oil by soybean oil for 30% or 70% can
promote immune and antioxidant function of juvenile silver pomfret. But replacing dietary fish oil by
100% soybean oil had negative effect on immunity and growth of silver pomfret.
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