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. 75211200 LI R K KIS & 35468 (Lateolabrax maculatus) 4110, WA (1.73+£0.01) g, ZEAHIRIR)
IS T AR (P) 50t ah (F) S fEfadl (OF ) IR EBITE A5 19 7 4144} (10P, 10F, 6F4P, 4F6P, 100F,
60FAP F140F6P), TS50 A1 3N EE 5 . 60 d 1] 35 S50 45 o, 3l 2o W0 o A 75 P 23 e S Ak il (R A B il
SOD, i %8 AL Ul CAT A4 e H ki A AL GSH-Px) 15 3 LSS AL RE T (T-AOC), FF XS AT, i LA S LA 17 5 4H 21
SIS WIS AE T B AU VS A i e A AR SR e X A 7 AT S A ) S T LSS A (5, S5 SR 3R 7
EATEA AR SE AL, IR 40% (AR5 R TR AE 85 B IIE Y CAT 1% 1 LA K GSH-Px I 143 i 42 =/ FH (P <0.05), %f
SOD i 714 — 5 IR (P>0.05), £ A IRLEBT AR RE 1 22 AR B3 (P>0.05), il (10F,6F4P ,4F6P) [T
AL 1122 RN 3 (P>0.05), AEEALALAE S IEFI UL 412145 K 56 4% , 100K 4LAE fs P AL PR 20 2 2 B AU Ab R
Ui FpEEREAR R NSRS (60F4P F140F6P) FEARIRAR , £ 4 AE O A 25 F oI i 22 50 iAoy At i /e A6 et o
AR AIIE AT T, S8 A AFAS S A DR SR8 — 2 LU AR B X TR e = AR R E o (b K™
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POAALDIRE ™, 53 Ah, AR A A AR B
T N DR RS PR RTSIE 1 R, AL 017 T A 1
WL I HE A 1 1%, ARt i A Sh
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1.1 IR
S DA OBy R A B R AR TR, AR
(P) Frfetfrih (F) K8k i (OF) Ry EZRR W IR (7]
BHECTT WL 1), it TORE L BE & 3 R iR i 7
AR SFREIRL, 10P (SA5AHTH), 10F (L i),
6F4P Gt i il =6 : 4, Fiit ), 4F6P Gt
At BEARE I =4 : 6, Ji i [L), 100F (4 & AL fa ),
60F4P CE AL a3 : AT =6 : 4, Fi gt 1), 40F6P (44
et 3. BRI =4 - 6, & ). IR BR 10P SRy
Hofth 6 2 TRDBHR HE 2 75 78 I Ak ek Tkl oy 3R
AL 2 (10F,6F4P,4F6P) F1 % 1k 41 (100F,60F4P,
40F6P), Tl kA2 1R A J5 FH DRLHL T He i Fk:

B, B4 1R R 2 A R A% (D =1.5 mm F13.2 mm), 78 4L
FEH 40 CHETF 2 h, fRAFF —20 CokFa . AN
BHY AL A, RE(E St A {E (POV) 32, i
SEALYIENIINE B % Association of Official Analytical
Chemists " b M A HIFE 7 5% Koshio 2
9775, 1 LA B A e s A 0 o 0 e 1 #43i , C
TE/Kl R 70 CCHITEIR KRS, 24 hiEZERY FEAI4A, B
12 hilll % — Yk POVAHE, B3 POV {H 2} 100 meq/kg 4
1k FI R EA R 1 A i S B et A A m] L
BIRRAr , AN ) S AR B 1) S Ak f T, 17 R S
IR AR BE (0 AUk f T S AR R IR R 2 A LR

& POV AEHE T, {H J2 S AL £ il -5 A A Le 491
AN AT

F1 SEIARER

Tab.1 Composition of the experimental diets o/kg Tk}

TrlRE A Ingredient P Content
1) Fish meal 700
a—JEN a-starch 40
IS Dextrin 20
IEMERE H Active gluten 50
a—4FYEZE a-cellulose 10

RATENI Lipid premix' 100
HUIR IR AMP-Na/Ca 0.3
IREHYEER Vitamin Mix. ? 39.7

RAT YR Mineral Mix.” 40
411 Total 1000

e 1) B fE A0 POV 8.71 meqlkg, S AL 13 POV 104.86 meq/ke, £ POV 6.25 meq/kg. 10P (4 AH I ), 10F ( 437 fif 43 ), 6F4P (37
eI AR =6 ¢ 4, BTit L ), 4F6P BT it . A3HTih =4 : 6, Biim I ), 100F (A5 L i ), 60FAP (AL il : ARt =6 : 4, it
tt) 40F6P (S fbfaifl: Aifiih=4: 6,5 ). 2) IRA 44K (mg/10g TR KL ): fH1 % b3 32.09, kA=K D, 3.23, 4 /E H K, 1528, 0 -
BBy 12832, 4 E B, 19.25, 4E/E E B, 64.13, 4i/E E B, 1528, 4E/E By, 0.03, B % 1.92, LEE 1 283.04, MR 256.58,1Z RS 89.83,

"1“@51 4.81, FALNHAK 2 623.10, ZHA TR 127.75. 3) IRA W W (mg/10g TR} ): NaCl 359.30, MgSO, + 7H,0 1266.74, NaH,PO, + 2H,0
806.35, KH,PO, 2 217.32, Ca(H,P0,), « 2H,0 1 255.66, #7512k 274.60, FL#Z 5 3023.67, Al(OH); 1.73, ZnSO, + 7H,0 33.01, CuS0O, 0.92,
MnSO, + 5H,0 7.40, Ca (10;), 1.39, CoSO, * 7H,0 9.23.

Note: 1) POV of Fresh fish oil 8.71 meq/kg, POV of Oxidized fish oil 104.86 meq/kg, POV of Palm oil 6.25 meq/kg. 10P (palm oil), 10F (fish oil),
6F4P (fish oil blended palm oil at ratio of 6 : 4),4F6P (fish oil blended palm oil at ratio of 4 : 6), 100F (oxidized fish oil),60F4P (oxidized fish oil
blended palm oil at ratio of 6 : 4) and 40F6P (oxidized fish oil blended palm oil at ratio of 4 : 6); 2) Vitamin mixture (mg 10g ") 35— carotene,32.09;
Vitamin D;,3.23; NaHSO; * 3H,0 (Kj;), 15.28; DL—a —~Tochopherol acetate, 128.32; Thiamine-nitrate, 19.25; Riboflavin, 64.13; Pyridoxine-HCI,
15.28; Cyanocobalamine, 0.03; d-Biotin, 1.92; Inositol, 1 283.04; Niacine (Nicotic acid),256.58; Ca Panthothenate,89.83; Folic acid,4.81; Choline
chloride,2 623.10; p-Aminobenzoic acid, 127.75. 3) Mineral mixture (mg lngl): NaCl,359.30; MgSO, - 7H,0,1 266.74; NaHPO, + 2H,0,806.35;
KH,PO,,2 217.32; Ca (H,P0O,), * 2H,0,1 255.66; Fe Citrate,274.60; Ca Lactate,3023.67; Al (OH )5, 1.73; ZnSO, - 7H,0,33.01; CuSO,,0.92;
MnSO, + 5H,0,7.40; Ca (10;),,1.39; CoSO, + 7H,0,9.23.
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S5 FH AR5 4y €0 2R [ AR VS DX AR Al
B B3k S % 5 JEAE 40200 LIRE KA o2 27 )l
A2 8, Ak ] 45 M 10 AR P2 A R ) ) e Al
b RS2 IG f0E N S5 % BRI T IR IE U SE 5
U A TAS A B, B — b B 3T, He21 4
200 L 5 (518 3R /KL, RG220 2, B aa 1A
JT i (1.73+£0.01) go  H 42K, 73 5 #E7 = 30
16 = 3047, R HFRWBE ML, B H MK 1R, i
PRISAH AR TE . IR BB SRR A K R
B¢, N 2494 0.9 Limin, /K A4t 29 9 B K 104
S 24 h SR B 10 RIUFEFR EE— R FFBE L 4

x2

KT A7 8 A i A B ) PRI 1 B3 1) — o

S M 200846 H 6 H 2 20084E-8 A 5 HIL60 d,
TR 7K 77 27 Be AR I A8 v 1 7K 7 38 572 o 1 i I
S S AT o S0 ) 7K I R T 3 DA ik I X
M7 H AR /KR A H S, e B T S T e
FRFE K AER B, g Je feft 1A 48 =0 A (YSIL 5501,
USA) FlpH it (55 7% PHS-2C, i) I 5E FR 5 K A v
AN pHARL. [ 2 S AR R 5 1 (URIRIR
AL A A - AR, BASFRA A, KR
147 ~ 233 °C, R BE32.440.3, ¥ il 42 (7.854+0.04)
mg/L, pH (7.840.03), B 2 & /N T 0.05 mg/L, i iR
££/NT0.01 mg/L.

AR EBERIL B R EFRM S

Tab. 2 Blended ratio of different fat sources and proximate analysis of the diet

EAHEH Palm oil AE4&fk4H Non oxidized group Al Oxidized group
AbFR Treatment
10P 10F 6F4P 4F6P 100F  60F4P  40F6P
Bt 3 /% Fresh fish oil 0 100 60 40 20 10 0
AL /% Oxidized fish oil 0 0 0 0 80 50 40
FEREH /% Palm oil 100 0 40 60 0 40 60
i HE POV/ (meq « kg ) 5.6 10.2 7.1 8.5 26.6 26.3 25.6
IR (g + kg in dry basis)
Analyzed nutrients
7K Moisture 123.6 129.6 131.9 1287 119.1 132.0 133.0
HLEE A Crude protein 487.6 4755 480.4 475.4 488.5 4945 484.1
AR Crude lipid 180.9 183.7 180.2 181.2 171.0 171.9 172.0
KAy Ash 178.7 186.4 187.0 185.3 188.5 176.3 182.5
JAAE/ (KT + ¢ ') Gross energy 20.71 20.23 20.53 20.92 20.31 20.29 20.38

B POV 8.71 meq/kg, B AL IH POV 104.86 meq/kg, FEHETH POV 6.25 meq/kg. 10P( AFEAETH ), 10F( 4t it ), 6F4P R fif £ i -
PRI =6 : 4, [Fiig bb ), 4R6PCHTE il FEhEih =4« 6, i Lk ), I00F( a5k fasih ), 60FAPC E b il : Ak =6 4,0t Lt ), 40F6P( 5

fefail: PRt =4 : 6,k ).

Note: POV of Fresh fish oil 8.71 meq/kg, POV of Oxidized fish oil 104.86 meq/kg, POV of Palm oil 6.25 meq/kg. 10P (palm oil), 10F (fish oil ), 6F4P
(fish oil blended palm oil at ratio of 6 : 4),4F6P (fish oil blended palm oil at ratio of 4 : 6), 100F (oxidized fish oil ), 60F4P (oxidized fish oil blended
palm oil at ratio of 6 : 4) and 40F6P (oxidized fish oil blended palm oil at ratio of 4 : 6).

1.3 HmiisE

60 d 1) F7= LB 45 R , 1556 24 h, BEETFEH LA EL

SR, FUKEE - AT, U T 4 C Hilve 1)
FETFK G, Tokvk &P 25 2 T —80 CokAf
HRAE . PG 1 R Seut A, 55 , o7 B
£ 2 JF A S, A v B R 2 0 5 S R A L
T T LG IR [ E 24 h, JH 50% 2B s 5 i A
70% L FEARAT

14 WEERRARY FHSIE
141 AR SHINE Ko R TE R Tk

(105 °C.); FHAR P R FH A o LG S R s MR
I 0 7 R FH 2R ECA P 125 5 R 430 SR FH S AR b4
Bak (550 °C) ", iR WGR-1 75 48 i o B it
THEHEN

142 MEAEBEANNE HEHESIEL4CT
fE TR, BT R, T3 AR R EL 1 9 (o) JINA T B 218
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KBS SR ARSI, 513K 283 500 t/min 2505 10 min
(LD4-2A AU 25 .00 #1 ) B 135 %5 . SOD., CAT,
GSH-Px{if /1. T-AOC (Bt 8 bfe 1 ) LA S 4%
IR 0 I o A FH R s A ) AR
BRI I 2 . SOD . CAT 3% 7 B3 5 foff JH] b
X (Thermo, ) %, GSH-Px I 1 LA & T-AOC i
FH722 B MO CEETHINE .

SOD & EHISOD 25 & o e A8 Ak i) Tl
SE , HE AT 2 SR FE 37 CAMF T, B mg 2141
FEATE 1 mL SR SOD #li] 25k 509% Hsf iy Xt 1
() SOD 4 14~ SOD i J1 B3 (U/mg prot),

CAT % P I CAT i3 & (R] Lo ik) i, Hovs
PERANE SR B mg AV FARE BN 43 1 pmol 1)
i AR 1AM T ERA7 (Umg prot),

GSH-Px ¥ F GSH-Px &7 & (DTNB %) 52 .
ISP E XN AE 3T CAMF F Emg A EH
min FTER AR 520 AR A S0 AR & o GSHL [
1 pmol/L Ay 1/~ 3 H437 [U/ (mg prot = min) |,

T-AOC HI T-AOC K ) & W 7, H o Lo 7E
37 CAAFT, A min B mg 2 2V 4 {4 S5 17 1R R 1
JEEE (OD) {, BHEA0.01 1), 4 1A Pt A AL AE 15
7 (U/mg prot),

LSRR T B e AR B K (O
L 22 9) MAE
143 ALYIFHSIE  FEE LS i, i
FLA I AT R D R IR R 7 ~ 9 pm,
HE 4% %, 7F Nikon eslipse 50i ' {55 T~ WM %¢, I H
Nikon coolpix 5400 HCASHHHLIEAH .

1.5 Zitoh

B SR E PRI (R +SE) Fom, Lt 1
FHSPSS 13.0 8K HEA TR, 7E X Ak fa g 41 5 3
AL M (2 3R 37KF,2%3) AT AUA 2R 7 247
BT (Two-way ANOVA) fFEAt |, R FH Turkey” s 2
AT A AR AL B AT 7 225007, K B 201 1) 22 S 2
HE LIP<0.05 HERRE,

2 HBRE5SMH

2.1 AEARIX eI | EEE TS0

AN [ 1) 552 56 G e o) A8 s ) 0 JE I 47 4 Ak il 0
HHYREW L3, dRTP el LLE Y, SODHICATTH
JIH f s A HBLAE 10P 1 60F4P, - HLIX 2 Ffria) k)
T 60 d 1Y A8 7 4 0 JHEIE 1Y) SR AR i G ) B
HAth A4 (P<0.05), A% k4 (10F ,6F4P,4F6P) 55
5% £0 1 JHFAIE SOD FT CAT I ) 22 5% AR 1 2 (P>0.05),
(EB=% will B R R i B R A OF Sk NS ] A il N =
(100F ,60F4P ,40F6P) JU) Fifi 5 ie] 1ol 45 Jin 2t (1) T =7 1
ST S BRI R Fa F . A L5 £ AIE GSH-Px
TG 4EFR 3L T IR IS O, RO BLLE 10P
F6OF4P M5 4 v I i 2 v T HA 4% 2H (P<0.05), 7E
A AL REARHRA IN AT, GSH-Px (3 T4
FHE G REAR. BB AR T (T-A0C) H 25 55 A Ik 2%
(P<0.05) {H £ = (B B AR 1] PR 60 F4P 11 S ey £ v
T AXTBR T 10PAIANHAh 6 414 T T 7 22508 B4
b R G AL 508 ) RITAS Al 3l S T 7K - (0,40%,
60%) VE 2 ZE . 455K, AL St
IR A6 i 40y #20 JHF T SOD 1% 7 4 5% TG 38 HAE
VPSS oS- A 1 [P i1 E =R A PN e 1 2 R
IS A6 85 4 £ T JUE GSH-Px 3% 1 B9 SY W AEAE A B
YER . AR R St KX A Bt B bt Ak
Re I AE A s HAE R
2.2 AENARIX & E R R RN

2260 d i FRR T, B fa i DL VLA
e, HE Qe (0, il g a1 2 4540 ik, 1Eanss
RILERR T o
221 BFRE  RIERES AL fhE) 441 (10P, 10F,
6F4P,4F6P) AL fir FFIEYI B 22 S AN B, &R 1 -1-
1 -4 FFANRERA B X0, s p A s i, (R
£ 100F 21 Hh % B0 B 408 Ay JH 400 B A T L 61 1 4R 3
WERR T -5 ARTE a BT7R . (HZMERT [ -7 FhRiED
FI7R AEB IR 5 SRAE T AR AR /N
222 B HEM -8 EEAR T -14 0] LIF ), Tl i
2 L RRL I AE B R TR N B L R 4 F 52 B MR 4 i
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Tab.3 Effects of different treatments on activities of anti-oxidant enzymes in liver of juvenile Japanese sea bass
( Lateolabrax maculatus ) n=3;x%+SE; U » mg' prot

TR Tvial SOD CAT GSH-Px T-A0C
0P 166.27450.61" 128.95+6.26" 40.08+0.88° 0.764+0.01
10F 39.82+8.77" 75.21+7.28" 5.75+0.16" 0.52+0.33

6F4P 48.62+9.03" 66.78 +4.96" 5.554+0.22" 0.14+0.07
4F6P 55.29+21.54" 55.90+0.87" 6.67+1.01" 1.31+0.98
100F 71.77+3.06" 58.38+4.65" 4.89+1.13" 0.2840.11
60F4P 105.88+14.35" 134.89+13.38" 27.28+9.94" 1.58+0.44
40F6P 82.92+8.80" 70.94+4.54" 527+1.02° 0.73+0.25

i [ —8 R RN 2] 22 5 82 (P<0.05); L2, 2250 AN i3 (P>0.05).
Note: Data with different alphabets in the same row are significantly different (P <0.05); NS, P>0.05.

*4 SUEESEMRK TR EEAXESTET AR S LS 1R
Tab.4 Interaction of oxidation and palm oil level on activities of anti-oxidant enzymes in liver of juvenile Japanese sea bass
( Lateolabrax maculatus )

J7 #4587 Analysis of variance SOD CAT GSH-Px T-AOC
AL 2 Oxidized or not Hok ok NS NS
FERAIMKSE Level of palm oil NS Hk NS NS
AL Z < FE TR OxxPo NS ok * ¢

AR L SRS HARH (P<0.05); o+ VB FHH i 3 5038 5 AR FRE 3% (P<0.01); NS, /EFHA i 8 es2 HAEH (P>0.05).

Note: *P<0.05 A significant effect was found or interaction was found, **P<0.01 A extremely significant effect was found or a extremely significant

interaction was found, NS, P>0.05 (No significant effect was found or interaction was found) .

B AR, 20 AN AEXT Y] R HE Je a5
SR N 7 & B ET IR S

223 A HERR 1-1945 e 7] IE H, 100F
A LT 2 22 4050 , LR S22 IR 2548 (H 7 151 i
[-20 Dh Rz 1 =21 R ml U Y a3 A v s AL
L A AR AR B AR, AEATIAS Qi oK T 4 A b £ 3t 1Y) 4
WA (BT -16),

3 itig

PR E S R E LK BT N RS
(4 KSR BT AL F) , 76X K PG P (Salmo salar) " B
B8 (Pagrus major) " S B R FHR 6 PR3] T RLEFY
B I UE S, TR I — 2 2 PR AR T AS(E X £
FI A KA e T L RE il B S R AR R E
R R EHUR BT R AR A
M A Akt ZH (100F, 60F4P, 40F6P) Tl Ak 4 41 fif
M, FESOD . CAT L) B2 GSH-Px Fit 1% 1 44 5 B Bt A
R 5 S Tt I BEAR P R 4R, 1T . CAT . GSH-

Px 3 1122 5 12 (P<0.05), Mourente 25 " 75 %t 4>
L (Sparus aurata L.) BYSEH & B, ARG I 4
PR A S A i B B R 60 d i, 4 Sk B TP CAT I
1R ERAR, X GAFE AL CATIE 15T
J BEATR ) 25 SR AN T) 3 B3 A 22 531) 1) J PR ] B 2
PRI Ay 2 S92 6 AR A it Y SR A AR B AN ], X AL AR i
A3 5 A i X 5 A0 Ttk A/ S i ol 7 A 1Y
AARSEA — 2 1 A, AN S5 F S AL S 5
- Gueld SRR 8 DL K1 N R S e A s P 5 iy
JRSE A AN ) S ] AR S v 45 2H S £ Y
JHREST A B 60F4P ZH iR A5 TR X388 R 193 T
XANGERIRI 60FAP [RlEMA MR Y AL 8 0 2 Ak g 17 7
AT H BN (R — BT B AR R T
SR O, I AT 4 a2 3 B R g L S
(), A2 36 v 1OP 2 ) s A S 56 £ I ) 470 A1
it 1% AR X AP LR A AT e T AR
SRBUEALH AR MU BT AL BE ) A4 = i
I o HURALEE ) T — I RE LA SZ ) 1
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— 3 BN TR 53— 5 T BaR  HLAAT S b Sl
14 S5 1 R 3 AR 5, 388 3 B e T )3 T R AP LA 32
SR, AT DA S A AR SV — Ao i, 1A
HY AR A AT R R SR A [ A 2 iS4, ASBF
Y T A PEBR ], B RS2 50 6 G 9047 JE I M o
15 I WSS T8 5 22 0 S 30 v (B A 0 LA S Ak il A
PR VE R T BT A TG 03204 7 TR PRI

ARSI AT ) 4 2 TRl i) M 1) £ 7 A 2
RS R VL] RS RE R . XU N 2RSS
P SE R %) £ AT i, BRI EAE S il R R 60%
DT Aty 2 a1 7Y RSS2, (3
T TOP 21 frlAe} e A0 o FHF U 3 B 1 B 38 %) R i A
VLRI AER DU R P E AL A P E (0 S AR DT Th 25
CNE NS e il S e SIS 1 T AR USSP A
JHRE P EEREIRA PTG , (8 WLEE I R IRAE . WLAIZHZA
SEEE P B T R L X SR A
MRS EBE (Cyprinus carpio) TR IRHIZE FABZEAL .
MRS T2 B AU FIARRE A Hhucs XAl
BOUHIE A AR Rk ARS8 T wli 100K 2H
PR AR B RS P4 I S S B IR  2H 2R S5 R 7%
IRERYE AL IR T E A A B AR A, I B AT
IR OR T B BREE A AR N AR AL, AT 4R
A AR I AT AR A AR A v SR 2 445
LA A7 4 T 945403, Monahan 25 "Ik, 484k
THARSX R A 10 SR A ) ™ EH A5 5 SR U
By 3R 3 W b A8 B )5 sz BRI e VE I An
5, TE A B IUE SR R WAk, B AR IlAR 1Y oA
WA, AR A A SR (o R AE) fig
S R AR ACHE, S A M A B DR (s 4
SR A VR 0, ML It % AL i3 PR 2 44 2H 21 2
A WLET 4 7 10 A8 FLLA S ILET Ak 375 B AR 1, AR S
g FEAEALH TSI T AR S WL ZE 4R
X AT HE A F T A rh B 4R 2R E AR BT A AL o Xt
AESF I FEIE S a2 T R, BELT 1 4 kit
XHWLIA = R SR B A, TR T LR 340,
TEREAFEAE JE W IR R AL B8 SERE IR, X T g
e T RDRHR) SRR R R 1 o

SHE Lk
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Effects of oxidized fish oil blended with palm oil on antioxidant capacity
and histology of Japanese sea bass ( Lateolabrax maculatus ) juvenile

HAN Yuzhe', JIANG Zhiqiang', REN Tongjun', KOSHIO Shunsuke®, GAO Jian®, SHI Hongyue'

(1. Key Laboratory of Mariculture, Ministry of Agriculture, Dalian Fisheries University, Dalian, 116023 China; 2. Laboratory of Aquatic
Animal Nutrition, Faculty of Fisheries, Kagoshima University, Kagoshima 8900056, Japan )

Abstract: A 60-days feeding trial was conducted to determine the effects of varies diets on Japanese sea bass
(Lateolabrax maculatus ) juvenile with initial weight of (1.7340.01) g. Seven experimental diets were formulated
with 10P, 10F,6F4P,4F6P, 100F,60F4P and 40F6P (P: palm oil, F: fresh fish oil, OF: oxidized fish oil). After
the feeding trial, antioxidant enzymes ( Catalase CAT, Superoxide dismutase SOD and Glutathione peroxidase GSH-
Px ) and total antioxidant capacity of vitality (T-AOC ) of the liver was measured as well as histology of liver, intestine
and muscle were observed to determine the effects on histology and antioxidant enzymes. The results showed that in
the oxidized fish oil groups, replaced 40% fish oil with palm oil could significantly promote the activity of CAT and
GSH-Px of Japanese sea bass liver (P<0.05). But a slight promotion was found in SOD (P<0.05). No significant
difference was observed in T-AOC (P<0.05), also palm oil did not significantly effect the antioxidant enzymes
activity and total antioxidant capacity (P>0.05) in fresh fish oil groups. Liver and muscle were healthy and without
any damage in non-oxidized groups. Disservices of liver and muscle were found in 100F, but after blended with
palm oil, the symptoms were mitigated. The structure of intestines was integral and healthy in all groups. Therefore,
it is available to replace fish oil partly with palm oil in Japanese sea bass diets. Mix partly of palm oil in the diet may
decline the toxicity of oxidized fish oil. [Journal of Fishery Sciences of China,2010,17 (4): 798-806]
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Explanation of Plate I

1: Liver of Japanese sea bass fed with diet 10P. 2: Liver of Japanese sea bass fed with diet 10F. 3: Liver of Japanese sea bass fed with diet
6F4P. 4: Liver of Japanese sea bass fed with diet 4F6P. 5: Liver of Japanese sea bass fed with diet 100F. 6: Liver of Japanese sea bass
fed with diet 60F4P. 7: Liver of Japanese sea bass fed with diet 40F6P. 8: Intestine of Japanese sea bass fed with diet 10P. 9: Intestine
of Japanese sea bass fed with diet 10F. 10: Intestine of Japanese sea bass fed with diet 6F4P. 11: Intestine of Japanese sea bass fed with
diet 4F6P. 12: Intestine of Japanese sea bass fed with diet 100F. 13: Intestine of Japanese sea bass fed with diet 60F4P. 14: Intestine of
Japanese sea bass fed with diet 40F6P. 15: Muscle of Japanese sea bass fed with diet 10P. 16: Muscle of Japanese sea bass fed with diet
10F. 17: Muscle of Japanese sea bass fed with diet 6F4P. 18: Muscle of Japanese sea bass fed with diet 4F6P. 19: Muscle of Japanese sea
bass fed with diet 100F. 20: Muscle of Japanese sea bass fed with diet 60F4P. 21: Muscle of Japanese sea bass fed with diet 40F6P.

a: concretion putrescence of liver cells. b: reduction of putrescence area. c: atrophy of muscle fiber, reticular sarcolemma. d: recover of

muscle fiber. CC: cell cord. CV: central vein. GC: goblet cell. MF : muscle fiber. PV: portal vein. S: sarcolemma.



