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EES YR KRINIHA . Wlkds s, Wik
e . B AR E RN E o HAE S W ik
AL R G2 — il bR e, B H 70 1 N W)
BT, BiEBURHESUR AR WER . IR, W
BT B X 2H 2R 45 7 F ) BE 10 52 ) B R BF 5 AR R
Z—, TDRHE IR Y SR 4 4 £ 2 i 1 R R 45
5 D RE Iy T A E R AR T, e Rk v e A
B A H YA AR B9 AL P 2 R Tl 4l
MGEBE SO RE R, IF ] BEE e IR A
PGy s R PER R Y, b S A RN EZ A
ML AR DR, DRt R S N T 5 e i) B A
R W7, AE A B 0 BN AR A, S EOH
We oy K AR AAAL R B, AR RERY A B d AR
ey (N AR, X S R A AL W 2 1 i E
PR A, 0 I T B R e,

K A RAE R R AT B AR, TEE WK
NS5 Z AR, mEHR ., JREMSE
W2 1, A 2R A =R AR, LR 2
g B A5 G, TR A 2RI v LB ) HEE S, X 2
PR | R iR | 4R S BT RE
AEBEZMENY, CHPAFREY, R
TIRORS 2R vT LA 8 B 55 SR il (Letaturus punctatus)™
72 i (Rachycentron canadum)” | 238 4k 8L i
(Morone chrysops xM. saxatilis)"" . &5l M
FM A AR RE K AR BT E AL T BE o AR 52 58 AT I
WEFE IR, TR b S — E 7K P R &= R T
DA 3 B St ) 2R MR fE R S b A Ak e
oSS A KT A2.74%, O HEE T Sk
T RO 08 1 AN ) 28 G X B 5000 2 KPR g M
PEHUAALTR PR B BT, OCTOR &R AR
Ak o i 3508 304z 38 4000 1Y T R T R L
I o Sy ik — 2 e R R S R X B A i 3 P 1)
BHEAL P T RE I RO RE R, A S DL B A0 ) £
HWFFER G, BESE T AR s IS [ 4 5 i A
Ak A3 RS 008 X I 0 A B e SR AR R AR A
HAbhpetedabr . LM, HWit 1A
e A3 01 ) ROR FORS 2R Y T AR, LA
SR NG R TE BRI A Rk b 5 3R B At —
A IR AR

L bR

1.1 Si&EHpEE
A Ak Ao Y R VE 2 B D T iR,

FEmEAE M E o K500 g i fa kB B 1 LY Be I
t, HUAE AL AR50 cClEIR KW, H SR
o W2K, BUb Ak aam e o A E
(POV), %€ 3 LLSN/T 0801.3-2011 4 F ZAK
W, ISR ESE . =M USRI Ty
o ME A fa i A POVE 1A B 1 40 (A i 2 1k 72
K, B AE-20 °CHYVKAR HAR-AF 5 H
1.2 SLIEAN

ARy . GORIVE R EEE AR, A R
S T EREUR I AN A0 A IR U VR G ) S 56 1
B, DL EE I AL (m/m) 5y B 2.5 1 0,
1.5 : 1.0M10.5 : 2.0%% B 1 3Fh 1 KL (FF . OF 1
OF2), 7EUELA I 9 EL il 43 51 4 1 0.48% LK &
FRER R (Ll =99%, WA A T i 8 E FL iR T
A BR 2L, b DRG] 3 ORG24 R 1A BH(FFA
OFA1FIOFA2), L5 e} J5Rk i 23 Fl % i an 3R 1
FIirs o ARk R R i I ik 60 H i, 44 B 5 HE A
PRI, 45 Fh ikl i B IR 21 5, 40l 4 i Al
NRHRE, HE GG, BEWS)E, i
HOKFERPEDL P 5], HSLX-80%) SR AT
FEEML(E R B TR =R Sk ), b )i Ak
HA NS mm&OR, 1EG-5008 v ki AL (HE g 3 T
REBHIOL AT, W E) Sl BB RE, 55 °C
BT, BRABHERAZEE T, BHF-20°C
UKFE TP AR AS

SR 1SR P i A 2 S A A I 7 32 (SN/T
0801.3-201 1) % 67 1R &L POV, H45 545 0
12.70. 14.09. 33.70. 12.15. 14.06. 34.00 meg/kg.

1.3 SR E5RFETE

SCUS AN A T AR AR W R T U el g
Mo EXSCERET, M TR S K JE T b R
2, BRI S ERE, RER2IK . FREE LI TE
IR AL B2 B 3 W) Bk 2= W 58 T K 7 i 5 =
FWNIEAKTIE RGP T, %R G0 H HA£80 cm,
F170 e [ AT B B AT e AR L, KR AN
300 L. 8 HU0) i 14 B 5 R (4.4140.05) g 8 i fa
600/, FEPL Medl, HMAHINER, HANEK
25, o3l B ML 6 Fh SE I 1A kL, AR id A FF .
OF1. OF2, FFA. OFA1MIOFA2, %M NIk S5
1) 5%~6%, FEK08:30F118:304 ML 1K . FroH
RGERWAEA KD UE, FR00H KNS Ak
K, #EAKHEZE K15 Limin, &K . S2H I A]
H ARG, 7KiR29.5~33.0 °C, & %A<0.20 mg/L,
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Tab. 1 Formulation and proximate composition of experimental diets(air-dry basis) %

kL diets

FF OF1 OF2 FFA OFA1 OFA2
BB ingredient

i ¥y fish meal 25.00 25.00 25.00 25.00 25.00 25.00
M1 soybean meal 30.00 30.00 30.00 30.00 30.00 30.00
M1 rapeseed meal 9.00 9.00 9.00 9.00 9.00 9.00
FAKEAR  corn gluten meal 6.00 6.00 6.00 6.00 6.00 6.00
TR bread flour 22.50 22.50 22.50 22.50 22.50 22.50
% 4t vitamins premix’ 0.10 0.10 0.10 0.10 0.10 0.10
% H" minerals premix® 0.50 0.50 0.50 0.50 0.50 0.50
B A4 Ca(H,POy), 1.50 1.50 1.50 1.50 1.50 1.50
VCHEg  vitamin C ester 0.10 0.10 0.10 0.10 0.10 0.10
FALNESL  choline chloride 0.30 0.30 0.30 0.30 0.30 0.30
L-#E 2R iR #:  L-Arginine HCL 0.00 0.00 0.00 0.48 0.48 0.48
i soybean oil 2.50 2.50 2.50 2.50 2.50 2.50
BricEfaylh  fresh fish oil 2.50 1.50 0.50 2.50 1.50 0.50
Afbfaih  oxidized fish oil 0.00 1.00 2.00 0.00 1.00 2.00
#it total 100.00 100.0 100.0 100.0 100.0 100.0
EFE/KF  nutrient levels®

HHEE  crude protein 42.47 42.83 41.99 43.56 43.89 42.06
FARRT  crude lipid 8.53 8.43 8.53 8.86 8.94 8.74
K 4> ash 7.12 6.82 6.76 6.86 6.73 6.72
/K 4r  moisture 8.49 8.58 8.16 8.37 8.56 8.11
R Arg 2.63 2.80 2.81 3.26 3.15 3.22

e oa BT RgEAERTURE: 4E4EFRKA 320000010, 4E4EEB, 4g, 4i4EEKB,8g, 4ERBg48g, HEERB, 16mg, 4E4EED; 1600 000 IU,
$FKE16g, HEFRK4Ag ZRI16g, W28 g, MMR28 g, NIEE40 g, MK 64 mg. KI/P<10%. b. T ILH VRIUERE: TREREE
12, Ca(I0;),9g, FALH36g, HEERM1.S g, BREEEI0g, BRERWEL 1 g, HEERSA 250 mg, WEEILAN 0.0036 g c. B IR ASIME
Notes: a. One kilogram of multi-vitamin premix: VA 3 200 000 IU, VB, 4 g, VB, 8 g, VB¢ 4.8 g, VB, 16 mg, VD; 1 600 000 IU, VE 16 g, VK 4 g,
calcium pantothenate 16 g, folic acid 1.28 g, nicotinic acid 28 g, inositol 40 g, biotin 64 mg. moisture<<10%. b. One kilogram of mineral premix:
MgSO,-H,0 12 g, Ca(I05), 9 g, KC1 36 g, Met-Cu 1.5 g, ZnSO,4-H,0 10 g, FeSO4-H,O 1 g, Met-Co 250 mg, NaSeOs 0.0036 g. c. Nutrient levels were

measured values

WA R ££<0.01 mg/L, ¥ %A
7.4~7.9, FRFESLE M IAS6 d.
14 HAXE&E

FEIH I A R A= 24 hg, WA BEHL
YRR, Bt A 120 mg/LIYMS-222% Wi ik
e, M AL TR 3 R A kA A ), BOH R g
F & e PR, T8 iyl bl b i AE

>6.0 mg/L, pH
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(iINOS)Fil— AL A (NOYE #r -
1.5 $5FRNE K& 57 #r

FH G HE R AT AR R A ) B
M 38 AT AT Jo i b3 W R R & AT AR bR
AR o N A E I I 2 R 7/
B, BRI e T 2 BN & BT B B A . DU
SETR PR AL AE . PR IR WL I (ACP) . B M i 1R il
(AKP). 1404 -6(1L-6)F 5t BR 5 1 (IgM)
ALY B AL B (SOD) . 45 Bt H Bk i Ak 9 il
(GSH-PX). it %&b Al CAT). Ryt EALHE S (T-
AOC)FITN ¥ (MDA), — AL (DAO). —%
LA A i iINOS)Fil— & AL E (NO).,

¥ & LA LR L A AT S 5% i
A 23 ) R G AR UL 2 A T A R AR R
A Sl /NI A 0L I = T 1 O A U S
(H.Ex100)HT I H U R, IR BUR R Gk 17 I
1% K4 . F FImage-Pro Plus 64K 4 X} 1ij i 41 2 44
e B L 2R FRRIR 20 e 5 43 ) A T I A
1.6 SLIWHESLIT

S I8 FHE FH T $4 {8 £ 45 I 2% (mean=SD,
=4, K FSPSS 20.08 (4 HE17 BN & 7 41
M7 (One-Way ANOVA), #|H DuncanfGik 77 L5
FAZ A E G . R SAS 9.0 Fk AT XWUH &
75 23 BT (Two-Way ANOVA), % % & E MK
1 P<0.05.,

2 4R

NEEFE N IIE R R

TEFF. OF1. OF2=#h, & Fitalpik
ACP, AKPIEMERIL-65 i BT, Wi
OF24H ik 3| i 2 /K - (P<0.05)(F22); IgM& RS
AN R, 2L LTHE TR
@ WIMKEERE, SOF24i Mk, OFA24]
Ji7 18 AK PTG M 8 3% F K& (P<0.05), TL-67 & 8%
T FE(P<0.05), HTFRHERKF66.1%; Ak mih i
I BARES, A A K T IgM & i 5 BRI
o HZE RN R FEP>0.05), ZMHAEFEHN
My, SE Ak A RS 2 R % it ACP . AKPIG P
FIL-6. IgM& & 1952 m kA 2 WA 5 AEH
(P>0.05),

22 NARFENFERELIER

FEFF. OF1, OF2=#, J7iliSODIfMEE
TR, HPOF2HFF4 F26.6%, GSH-
PXFICATIE M2 LA # ¥, T-AOCEM&E T
B Ja TRk g, (BB B3 T 2 5% (P>0.05)
(#%3); MDAE = EW LT EH, FOF24]ik |
KV (P<0.05), WM ARG, OFA2K
SODLOF27t5114.6%; S5OF2414H L, OFA24H
i GSH-PX % 1 MIMDA % i I 3 T B (P<0.05),
AT T 46.2%F138.1%; 7] 45 48 4k il 7k °F-
T, T-AOCE#H LT, HES AR F

2.1

>l

x2 EUHBHAERBRMNATNEREREIETNE

Tab.2 The influence of oxidized fish oil and Arg on intestinal immune indexes of yellow catfish (P. fulvidraco)

RMEBEIRER/(U/g prot) B BEIRER/(U/g prot) M 40l /25 -6/(ng/L) GIEERER A 5/(g/L)

ACP AKP IL-6 IgM
FF 0.42+0.07" 0.95+0.48" 597.25+262.92" 0.09+0.04
OF1 0.61+0.13° 1.07+0.58" 1222.00+82.02° 0.17+0.12
OF2 0.61+0.15° 2.3540.65" 1784.75+313.91° 0.04+0.001
FFA 0.54+0.06™ 1.16+0.39" 1268.00+151.32° 0.02+0.01
OFAl 0.59+0.10 1.05+0.27" 1045.33+272.02° 0.10+0.10
OFA2 0.57+0.06™ 1.13+0.54° 605.00+£90.56" 0.05+0.06
MK ZE FZ55H Two-Way ANOVA
AAfim  OF 0.37 0.75 0.06 0.41
AR Arg 0.24 0.99 0.16 0.90
AL RS2 OFxArg 0.30 0.68 0.24 0.89

T [FFHR R AR T B B R 7 REOR 2 5 A 3 (P>0.05), ANFRVNE FRER IR 72 57 10 3 (P<0.05). T

Notes: In the same column, values with no or the same letter superscripts mean no significant difference (P>0.05), with different lowercase superscripts

mean significant difference (P<0.05). The same below
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Tab.3 The influence of oxidized fish oil and Arg on intestinal antioxidant indexes of yellow catfish (P.fulvidraco)

AR EALEE AT S/ JuzR N7 SETI=R A pall i3
(U/mg prot) (U/mg prot) (U/mg prot) (U/mg prot) (umol/mg prot)
SOD GSH-PX CAT T-AOC MDA

FF 3.83+0.47 57.49+25.39" 1.54+1.26" 1.60+0.61 5.96+2.82°
OF1 3.460.86 79.67+40.75" 2.32+1.57" 1.48+0.84 7.08 £1.43°
OF2 2.81+1.69 101.31£12.47° 3.76£1.10° 1.96+0.81 10.24 +2.54°
FFA 2.79+1.40 86.61+22.07" 2.83+0.90" 2.51+1.18 4.27+0.58"
OFA1 3.17+0.88 77.01+24.79" 1.50+0.56" 1.64+0.78 6.38 £2.08™
OFA2 3.2240.86 54.46+18.30° 2.05+1.88" 2.09+0.10 6.34 +4.49®
MR ZEHZEMNT Two-Way ANOVA
Aty OF 0.93 0.62 0.36 0.29 0.60
WEER  Arg 0.62 0.45 0.005 0.53 0.86
ALl <RS2 OFxArg 0.44 0.02 0.31 0.33 0.39

(P>0.05), HAhHT A AL $5 bRl (]2 T0 8 35 1 22 7
(P>0.05), MR ZE I 2400 s, 52 RN 55
i1 i 38 CATIG P 1Y) 52 0 35 3] i1 35 7K F (P<0.05)
Tl v A A T FIORS &R X 1 i GSH-PXE 14 19
S M A7 A6 28 HAE H (P<0.05).
23 NEEFENBE_RIAIKE.
AEMEEM—F LTS E

TEFF. OF1, OR2=41, 4iEDAOIE M E

R ES, INOSTEME SR FTH# e, HER
IR W3 (P>0.05)(£4); NOS 144 A 1Y 2% &

—8

x4 SHBHNBERINRTEFE

AN E(P>0.05); HOF24H L, OFA241DAO
PE B ZE FF 5 (P<0.05), INOSTE M B & T K
(P<0.05). MR ZEJ7 2200 o, A5 2 R XT 2 3
i IEDAO .. iINOSIE 1 152 M 43 5l 35 3] 1 3% 7K
F-(P<0.05).

24 NEEFEIBHNEESE. NBEE
MR =

TEFF. OF1., OF2=41", milm49kes & .
L) 5 B R AR bR 40 H 0 o Y 72 OF 141 B &8 7 5
{H ) K3k 3] i 2 1 2 5K FE(P>0.05)(£5). 5

“RELE. —SHRABM—SLRETRNENE

Tab.4 The influence of oxidized fish oil and Arg on intestinal DAO, iNOS activities and NO content of

yellow catfish (P. fulvidraco)

G B /(U/L) — A ATE/(U/mg prot) —S L%/ (umol/g prot)
DAO iNOS NO

FF 1.87+0.82" 262.31+66.36™ 33.76+4.05
OF1 2.2740.58" 221.12+69.57" 35.9242.70
OF2 1.35+0.52° 288.38+67.00° 33.1543.27
FFA 1.80+0.33" 284.13 +£52.12" 32.60+4.67
OFAl 2.27+0.48" 215.16+39.74® 33.89+7.03
OFA2 2.64+1.02° 193.46+62.08" 37.36£10.10
MR E T 25 Two-Way ANOVA
Atk OF 0.18 0.37 0.89
WERR  Arg 0.04 0.04 0.75
Al E R OFxArg 0.57 0.06 0.53
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Tab.S The influence of oxidized fish oil and Arg on foregut structure of yellow catfish (P. fulvidraco)

ABE R B /um WUZ - /um IR GH L H/ (AR
height of fold thickness of muscle number of goblet cell
FF 1161.71 £179.73® 173.17+63.46 85.43+£32.92
OF1 1405.92+162.14° 208.99 £29.37 99.46+55.44
OF2 1072.80 £123.36" 198.90 +41.04 67.21+11.47
FFA 1081.27 £59.30° 196.14 +£46.35 75.61+28.58
OFAl 1316.14+269.98™ 209.44 £78.80 93.194+23.45
OFA2 1334.86+118.65™ 181.97 +27.33 82.69+£26.28
MR ZE FZ55H Two-Way ANOVA
Ffbtayh  OF 0.03 0.44 0.43
KRR Arg 0.65 0.60 0.99
S FSEBR  OFxArg 0.08 0.57 0.72

OF24HAH L, OFA24H 4 BE g & FAR AR 48 A %5k
SN 24.4%H123.0%; SFFAAHLL, FFAZIAL
EEEFE13.3%. WHERE T Z 5 is, Ak
0 3 A0 g T A RE = BE Y 5 e 3k B G 2K
- (P<0.05), STk £ i RIS 2 R X A e R L L
)2 JEE 5 RN MR 240 50 o 1) 52 e U A S A B AR
F(P>0.05).

3 Ui

3. FHEMNEHEFEREERFNE
R+ miEH

AL S — R, B AR S e
SRR YIRe, AR A R A SURIR R
Hh A O AN RN PR T [ R TR AR
ACPHIAKP/E F Wi 4 Ml s BHA i An i, = 530
PR G205 8l o Forfr ACPIE M 38R 5 Wit 4t g
HEEFYIRRE S, AKPIEMERR T 2 15 W 40 i v
bR S WIRE 15, i85 — S8 35 W) 5 I 1k
Were A RN, AP RY, Sl
MUARGRENLRED, AR5 BoR, W% Efbfa
TSI A BN, B A 3 ACP I AKPYS M &k
EIteE . ULHARE S AL AR E Y T
PEE, U0 G AR S BL AR G g I 1 Y 5 —
Bk, 542 25 W i ACPFIAKPIR P, 145 A5 ik
A E BRANE A EY R AR T . AR R
B, RS R T e 0 R HLR 1 e e TR 7 A
ARSI, S IR 2R Y 4R A £ A R

5, BRI AKPIE P 0 T RE . R R AT R
K =R A R HE T B A 7 18 A 2 R Y o
PR, [R) BRI T M 26 S 1) 38 3 %, DATAT B 1k Ah
RAFYTRAMRN, T30 I8 %5 48 brAHXT
TR, RAEREH WA BE R, 7T LU R ATENL
R HLERE o S5 R4 R BFE 0 B A 1R
FER AN 7 EZAIL-1, IL-6MTNF-a, Hrf
IL-6XF HLARBAT 2 AW 22 Ui RE, EPLARR
PEPT . RAE SN L a0 45 A O AR v 8 R
HEAE M o IL-6A AT LA o B2 18 58 43 Ak JF
FEAYUAR, T H A AT HEIgME AR AR S
e R Won, WA E A i 3, 8
Fifa i EIL-67 &t W b, AR R
XA AT 3 o pF e s SR AL, A — i
1) A8 Ak 7= ) 2 3 8 00 B P SRORE IV o FE
ZNS s SN R 1B AW =W e R
JG, EFapEIL-oF =R E TR, 241
Pohlenz %5 X} BE &5 R Ml | Jiang 252X} 4 f
(Cyprinus carpio var. jian) . F&5HHEEP N I 58 5%
gy | BRSSPI il 2 (Apostichopus ja-
ponicus) . HFAEEPIN; LYY X HF (Litopenaeus
vannamei) 58 245 FAH — 2, Ul RS &2 vT LA
W v A B R R G, AL X
A i T8 AR 0 o AR R LB TT R R RS &
PR 38 21 5% W) Th-2 48 iR R4 IL-653 W i, DA 42
e IgM 2 L 43 WA e e BR B T BE ), AR R Sk
PUORTH B, BRI R T RE, SRR A
2 A 00 1] R Se T S0 - A Rk, AT i £a
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R RIEN B, (HEARDURA FRR ARG, B
FERW, AR HEAT VR A0 A B g 1V 2K, T
G 8 BR AR 112 0 S R S 1 AR TR 8 I 2 1
AP ARSI R RN, BEE A I 0
AR, A I IgM & R R ETHE T
RS, LR Jang S5 P i i) T 5% 45 SR —
o #F— RSt T B AaE s mEkTY
BF, PUAHE I IgM& i, kg E A SRS E
VR S8 1 28, LA 22 A1 5 400 J5 X AL AR 3 i 1)
Pt o MEA Yk, 8 U B
N RE ST, BHLARAR ZE AL, A By
SRR S T R
32 SHemEFAamAKIENR
BaEBRNTMER

R s e e S Ak I A
K, PR ARG IS PR AR B TR A BT AT
W fa 25 BT E AL BE 17, SOD. GSH-PXFICATA
YRS EAB R G EEY T, W] BRI
PTG MRS R 3, R A M R R AN P ) A R
R ARSI R EoR, BEE E AL M
U IR BN, 8 £ I 1 SODYE PE 2 LT [
#, GSH-PXHMICATIGE B E 48 m o L& R 5
Bl 4 FEPN} ¥ A7 (Ctenopharyngodon idella) )il 5%
SEHM — B, UL — B AR ) 2 1 R
A i T 0 AR LS N, D R RT R A v
i 2 8 5 1 1 GSH-PXFI CAT A it A A6 AH DG il 1Y
SrUbEE, RN A AL ) AR R e R R v A
Jir 1 3 A SRR A o RAR DG AP S S 85 (Acipe-
nser schrenckii BrandtQ x4.baeri Brandt3) I AT 53T
T, M E R TR R P AL DI BE . AR SE
A5 RN, TERCE WS IR 2R 1Y A8 Ak fo i 1)
KRG, SOF24HAMH, OFA24H ¥ i fa i1 SODI%
PEFF 5 14.6% , GSH-PXTE M T F£46.2%, BLIWIE
PRS2 R J5 . AT 2% il 5 v A A Tl oK 7 X B 5
7 T8 EAL O G . ARSI AN R Ty %
Sy R AL, RE b AR A £ RORT 2R X g
GSH-PXTF P 1Y S W AF7E s BAE T o O RS =R
XoF 8 5560 i 1B C AT P 1 5% 1 3k 31 4 K7, 16
BH S A o T ARDRE TR R i — o R =R T A R
il 48 Ak 7= 4 o Bt LA B B RERIAE T .
VE RTAIL 28 T fig 2 g 24 IR 3d 2o £ 2F bt 451k i
B, e ABPURLLRE T, R R TR N A
PFT B bR RS R e e vk, 3 i L e s D) e

sEADYSE
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R R TE L B = M 1 B RS AN M HG A, Ok
PO B 07, X7 ARt — R, AR
SRR, EEBIRERE, A5 E A
KT, T-AOCEI L FHa#, i — LUt &
Mg W] 4 = MR AL 2L B AR R T o Ak N B g
{7 200 B RS b %) 88 1 J5 RN RS 7 AR AR R A L R R A
MR 25 # . MDASE g 7 S8 AL B g J5 i 7= 4,
O (A 2 S B B 20 v AR AR A R EE T A
ARSI, B SR S I 3G N, B
07 EMDA S &t 3 i o %4 R SRR
Xof B A A 5 A5 R — B, Ul Bl A A AL
AR, AL NG B A B R A &R
WL DK AT RE SR IR PN 40 I R 2 B, R
BB E S EYIGE, T ECH M N KRS .
ARSLR AR R, T BSOS 2 R 1 E Ak
M EHS, SOF2414H L, OFA241 ¥ i fa fiz il
MDA 1 T RN 38.1%. Ui A 7 I A = iR
J& . ¥R A A] RE S A 4 o L R0 1k U e
PRIPIAR N A MR R S, TR MDA & .

3.3 SHEHNEFEMEDAO. iNOSH
NOHIF M & & |ERH T F{ER

o 3 ASASUAE 5 A WA % 0 o o R e R
HEEEM, mWEHZIAEN W . %, bR
FURE N — R E AT, MRGE R T
RN RN 9 T [ [ S O (O A
DAOJE HL A = JE U6 M () 40 i N i, % W AE /D
B LB &, Wb, 7R gl 8
AR, WEPERS . M F AN Az i . R
WE RN, M BRI DAOS E it
R BE RN HE A L, {47 38 N DAOTE P R R,
P, DAOJE W fiz 3 766 5 445 #4) A1 o)y B 4% 10 11
PRARFE bR . ARSI EE R Bon, FfE WRE P E AL
PN, WA IEDAOIE R T
BERAH, 4 TS MRl 4 SN A i T8 (4 B 5T
S5 M — B0, UL S AL B A T A g
B e 1 e Ak, M 6 A o M I 8
AR RE IR, WINKAMRIE, OFA24H
DAOIG M B F T . LA E 200l A,
K S R W 5 310 17 1 DAOTE 1k 14 5% 1 43 591 55 3]
KV, ULBA RS &R A AP i S AL e ) ) B
S0 iy 1 2 5 B 1k B 1Y) BE RIAEH . INOSZZ 4
MR N R RS R R 1 e s, —
AR IE B H AU FaB 8K, AL ZE R IR,
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B ek SR Ak T B R RS i, A g i
INOSTAEME R LTk %, 5 LR R Z5 e H
M. WK &R )5, OFA24LINOSIHFIE L E T
B o LD IR T RE R oRG 20 Rl o INO S b 77 2B
NO, TiNOTEMEAALIA I 1316 & 7 I e %5 H 2 1Y)
PEFIET, S 2o ]y A AR DGR s 1, kB
BB B A M . o e R B I, T
PRI AT S s, BbsIE AR

3.4 S mNEHREBHEAALHNENE
R T FE R

VE R ILAAR S 3% 9 o 0 Ak e Wi iy = 235 7
I3 3 A S HL A HE AR 1 B i A W ) 4 — T By
PN, L, RAF 0 1A R R S G A X R Bl
PNl R A w2 L WUZEEE . S
JE AR . B KRS RN
SIER 295 AN AR = TN N (P R b A S
WAL, Hor WA R A RETE W I E , R
bR I HE e AR R S MR EE P RETE L
R 52 450 55 40 i A R0 AR A PR Y B IR T
B AR EA Y P, AR A0 A Y A T
VE Ry s 6 08 00 00 VAN 38 A5 . A SE B 45 R
7N, TEOF 1A v v 50 £ )iy 18 4 BE v B . WL)Z B JE
FUPRR 200 i K5 2 4 W1 8 T v o 83K R Oy 2247
Bl T, A Ak f i T B 0 £ i 0 A RE R R Y 5
e 35 31 d EKOF, IR R 5 PR 4 A P RE A
ST 45 A — 3. G UL S LR 52 3] 51 I
ALY BTN . DL B 23 o 1Y 5E A0 i Ok
AT HRA LGB, i asE B AL
J2 JEE R 140 D3 5 i WO SRS RE T, AT
I 2% B AL W) LR i S B o 2 A
U= CEI IR N N T A e R N
EEL, Mg niE A NGB E, &%
e 6 AR g . Cheng%5 i@ it WF9E & B, A &R
XF A4 A8 SR SO L R T A RE B R R
JEA &S AR o 18 IBUHE S5 U i o F 5T &
B, KSR X Rk £1 BE i (Epinephelus coioides)Ri
1% A B v BE O LR R FE A W R iR AR . A
SEH LSRR, YA KT A AL R
Win—EmME ARG, WD SCE LY
ok v B X 00 i T R RE e B RPR AR 240 L KK
LR G . H I ET DU R T LA R B i T P
LK, R, Bk AR, HAE
FHHL AT i A2 o 50 f0 38 o) i 1B 2l 20 2E e i
BLAAR XS 5 35 40 T i W Wi, 3 T 3 5 21 2R 22

O B O 0, de AR i 18 P 25 A5 A 52 B
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Influence of oxidized fish oil on the intestinal health of juvenile yellow
catfish (Pelteobagrus fulvidraco) and the use of
arginine as an intervention measure

ZHUO Lixin '?, ZHAO Hongxia', HUANG Yanhua', CAO Junming ",
WANG Guoxia', CHEN Bing', SUN Yuping'
(1. Institute of Animal Science, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: This experiment was conducted to investigate the influence of dietary oxidized fish oil (OF) and the in-
tervention of Arginine (Arg) on the intestinal health of juvenile yellow catfish. A total of 600 healthy yellow cat-
fish (Pelteobagrus fulvidraco) with an initial body weight of (4.41+0.05) g were randomly divided into 6 groups
with 4 replicates of 25 fish. During 56 d feeding trial, the fish were fed respectively six diets containing 2.5% fresh
fish oil (FF), 1.5% FF+1.0% OF (OF1), 0.5% FF+2.0% OF (OF2), 2.5% FF+0.48% Arg (FFA), 1.5% FF+1.0%
OF+0.48% Arg (OFALl), 0.5% FF+2.0% OF +0.48% Arg (OFA2). The results showed that the ACP, AKP activit-
ies and IL-6 content in intestine of yellow catfish were significantly higher in OF2 group. As for addition of argin-
ine to the oxidized fish oil diets, the AKP activity and IL-6 content in intestine of yellow catfish were significantly
lower in OFA2 group. The SOD activity in intestine of yellow catfish showed a downward trend and the GSH-PX
and CAT activities showed a reversed trend, but there were no significant differences among FF, OF1 and OF2
groups. The SOD activity was significantly higher in OFA2 group. The MDA content in intestine of yellow catfish
were significantly higher in OF2 group. Dietary oxidized fish oil and arginine had a significant interaction on the
GSH-PX activity in intestine of yellow catfish. The CAT activity in intestine was significantly decreased by the ar-
ginine. The DAO activity in intestine of yellow catfish showed a downward trend and the iNOS showed an up-
ward trend, but there was no significant difference among FF, OF1 and OF2 groups. The DAO activity signific-
antly increased and iNOS significantly decreased in OFA2 group. The arginine had a significant impact on the
DAO and iNOS activities in intestine of yellow catfish. The height of folds, the thickness of muscles and the num-
ber of goblet cells in foregut increased in OF1 group. In comparison with OF2 group, the height of folds and the
number of goblet cells in foregut increased in the OFA2 group. Oxidized fish oil showed a significant influence on
the height of folds. The results suggest that dietary oxidized fish oil would reduce the intestinal immune and total
antioxidant capacity, and damage the structure in foregut of juvenile yellow catfish, but arginine supplementation
can alleviate the inhibition induced by oxidized fish oil for intestinal immune, antioxidant capacity and tissue struc-
ture.
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