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 OE. KX G @SR R A &k T # AT A K MEAE W A5 A LA K I AR
BT BAF R R AR K B 49 e A B e K 8 555 B (ST) x4 FIRAE A L R AT AL
JL TR AT AR R R R A uE] o KIRIA R 4 BT AT 96 Sk, R4 AL &
WMONEL, BENEL A KFH, ZAART 2RI 5% #HEE & (1 4).5% # 8 &b +
50 mg/kg SI( 141) 5% A&k (MM48)F= 5% A %% +50 mg/kg SICIVA) . X3 H 21 d,
KRG  FELRR2 KT HAFTEFRMA, EREAN . XEF 21 RIMAFHKE L FK
FHNA(P<0.05);1~21 RIMMAFHFHIRFEZFKT 1A 018(P<0.05), MAFH
Wit AR — B (MDA) &3 [ A A5 A4 E T 90.89% (P <0.05) 2 73.28% (P <
0.05) . SL &R 2 4% 3 88 261 % A2 B AL AL B (T-SOD) &M (P <0.05) , A A & % 4= SI
St W AR AR A (T-AOC) F AR R H ZAEZ (P <0.01), [48#F 47 % i 4502
GamaiE -2 (IL2)43REESHT 1A (P<0.01), @& —10(IL-10) A F % 2 F1%
FT14(P<0.01), @4 -8(IL8)2ERFMKT [ A(P<0.05), A& W R ERGT
AT E RS A — R AL RS B (INOS) F (P <0.05) , MEFR&GTHET —B
(NF-kB) 42 (P<0.01), % LAt AR T RmBA & 5 BT 37 2455 (4 ~24 B #)
Wi EARE A, B AT AT AT B 69 KR, AR P iR ST £ — A2 B £ 7T VAL f#7 &
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fil] ( soybean isoflavone, SI) J& — 28 M\ K & H 1 it
) EHA Z W R B 0 A Y TE Y B, RAA AR
R o ABFTSAE N TAR SR 4 1E R, @ v
A AL fh DL S ST A 5 4R Ak R 00 T AR A
B AEVERE /N RIS b oRH DG Bl TS PRS2 e, B TR
PRI R O B A AR AR N R IR K B LA
N W iB e B ML LA fo ST X H A 44 H o

1 #MR57A=%
1.1 Rz

AAE L 4 AT N (1.9 £0.1) kg (1
[FIPERIAL x & x R =J0% SOBT A A4 96 Sk (AL

BRI — 2 = AR TR 9 20 55 Pk ) 4% 63 i Al
REREIL 4 ML, B 6 AN EE, BIMER

43k,
1.2 s

ST N AR A AL B = e 7 1Ot 9 B kil 5
RN 98.5% o AR AR H i fh, W T MK
U A A BRI W BRI TR 1 R AT
1.3 A siER SN MBI R T

TR 2 Cfr i MR AL B0 ) < 2 CRES A
# i 50 mg/kg SU) XA 7 BEHLIX L B3t ik
HHEL,

F1 W@t
Table 1 Experimental design

i H Items

2H 5| Groups

I I m %
a7l Fish oil B fif B i Ak A1k
K 7R Soybean isoflavone/ ( mg/kg) 50 50

1.4 KIER

TR LA A AR AR 5 NRC(1998) H1 3 ~ 5 kg fF
H VR 75 s o T 1 32 Atk A R 2 K B 7R K T L
F1, B A A fmam oy AT A Sl xR
(LA T4, M43 m Fe** (Cu** 5 VAW
Fe** (Cu® " iKF -1y, AAmihm /e iks%
John 5% I fif— & 6 24, $% HL 014 0 30 mg/kg
Fe’* ( 1) FeSO, - 7TH,O JE X ¥ hn) .15 mg/kg
Cu** (k CuSO, - 5H,0 JE X % hn) .600 mg/kg
H,0, f10.3% 7K, -G )5, (60 £1) C %A1
B R AS ] B A — o i AR
G3ASTR A B[] B R A T a3 v 9 2ot 48046 )
(POV) , BINMAEEATE B i Ak P E AL B B B
DRE R R T o A AR B Y A A
SEAR AR S A =20 T PER AR
1.5 AFER

5 A H S W Ak, Jr . AR
W 55 4 SR AP, 38 Sk ORI KT R DR R R
Tl AR SR BB AE (30 £1) T, Bk TR 5
FEK LA 14 5 R A LA, ] MR 22 SR T 1 B B Tk
ASTRE 26 HE R R HEAT IR M L B R AT A R
I 30% FRIIE . AR P W 4 1B A TR T K R
FEAEATHE B R DOK, 30T B9 RS PR K TE Uk, 1) IR

B [E] A 07 :30,10:00,12:30,15:00.,15:30,22.00
WEEATHE 24 HIR IR R 21 d,
1.6 HRAREMIERNE

WA T 14 HISRFRE 1 K85 T 24 H
W B 16 h JE, TCH B EANMERRE, T
5B B S a1 O E SR AR R TR A B
BRI E I, A EE TR 2 PRt 48
Sk HEAT B SRR

WA 45 = E g B2y 10 em, 78
4 CHAF N HIWERRZE vhi (PBS) ez N4,
FHUEARER R W1, B Fr /N0 i BURG JE J5 % T Ep-
pendorf B P, —80 CLRAFA . JiE RIS A
B AL (T-SOD) i S Ak & (CAT) | JJLER I
fit} (CK) ¥ ¥, S 9t &AL B8 1 (T-AOC) | N
(MDA) & & 5% I R 50 # iUA= 9 28 w) 4 i i) &
JHEE A AT W35G EE i ( BioMate 5, Thermo Scien-
tific, USA) il & . Mg AL F — o« (TNF-a) .
MR -2 (IL-2) \HAMIA R -6 (IL-6) 40
Mif2 -8 (IL-8) \[H 4l % —10(IL-10) (B
+ - kB (NF-«B) & &, 5 M — S L A &
(iNOS) V7 3 A FH Al (INK) (G & H - 1
(AP-1) i ¥k A ELISA 7% , AH il ) & 0 B 2%
[ R&D 73],
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Table 2 Composition and nutrient levels of the basal diet (air-dry basis) %

JF 8 Ingredients & Content
g

#F:/K S Nutrient levels® 4 £ Content

4= 515 %; Whole milk power 48. 00
FLIE W45 % 11 Whey protein concentrate 20. 00
FLIE ¥ Whey powder (3% ) 8.56
1ML 3% %5 (14 Plasma protein powder(78% ) 5. 00
e/ % 4k £l Fresh/oxidized fish oil" 5.00
FLKE Lactose 12.00
DL - B &8 DL-Met 0.30
L — {53/ L-Trp 0.02
WA ANEHE Liquid chloride choline (70% ) 0.12
WiiEk Premix® 1.00
43 Total 100. 00

14 fLfig DE/(MJ/kg) 4.82
HEH R CP 23.01
¥ i EE 15.18
% Ca 1.03
WP 0.61
FLBE Lactose 38.50
AR Lys 2.07
EE R Met 0.75
EAMR + AR Met + Cys 1.20
IR R Thr 1.21
BEIR Trp 0.38

£ 9l A B AL A At EAL T 4 B4 4. 96 19. 80 meq/kg, The peroxide values of fresh fish oil and oxidized fish oil

were 4. 96 and 19. 80 meq/kg, respectively.

D IR A R 4T MR 24t The premix provides the following per kg of diet: Fe 200 mg, Cu 120 mg,Zn 2 000 mg, Mn
50 mg,Co 0.6 mg,Se 0.45 mg,10.56 mg, VA 6 600 IU, VD, 660 IU, VE 48 IU, VK, 1.50 mg, 44 biotin 0. 24 mg, ik
folic acid 0.90 mg, J& 7a /2 niacin 60.0 mg,D —jZ i D-pantothenic acid 36 mg, VB, 12.0 mg, VB, 4.5 mg, VB, 6.0 mg, VB,

60.0 mg, X f wheat middlings 1.2 g,

D W Ak REAR 5 FURH2H B TS, 4 52 . DE was a calculated value according to dietary composition, and the

other nutrient levels were measured values.

1.7 BESEIT D

R IR % I SAS #f4: (v6. 12, SAS Institu-
te, USA) i) GLM # /¥ #4775 22 43 #7 3 1] Duncan
REFAT 2 H LA, Ge A B A 45 .« 48 Ak £ 3 &K
VST LA B — 35 0 HAERLUN . Ge it i 2 MoK
Foh P <0.05, M B E K P<0.01, #5240
B BE 4 LAV S 0E = ARifEiR R

2 & B
2.1 FrtffaimAn gL &l AR PR SI X &£
FREEF RIS

H % 3 AT, fil AL AL BRI SR 1 ~ 21 d ff
P H BT A ~ 21 d OB E A S
(P <0.05),STARFEXTALS 1 ~21 dfFRERIE LA
S ) (P =0.058)
2.2 FegfaimAn gL EimERpERm SI X #H A
FRAEFBERRLE NI

f e 4 nr g, I 400 I 40 % 18 % i T-AOC &
FMT TAHMNVA (P <0.05), £yl 5 oAb BT
CK JEPEMS A H2 55 (P =0.054) o ST AbFE i 2 4 25

SOD % (P <0.05) . A fkfayl Al SI X T-AOC
A 2 HAERLN (P <0.01) .
2.3 Fegaimn g EimERp M SI X H A
FHEZ=HRE MDA 2T

B 5 AT, B A A 4 ) R 3 48 Ak Ak B A
BERE TS MM MDA & & (P <0.01), I
YU H5 B Zh S MDA & 5 H T 410 1 4143 ) 42
BT 90.89% (P <0.05) f173.28% (P <0.05) ,
2.4 FegaimAn Sk EimERBPERM SI X H A
73 B E R AR e B T RO 0

6 v LIS, VAL T 6 IL-10 & &)
BEMTIMAC(P <0.01) ; ITAHFIV 2H I 38 Fh i
IL-10 B E T IHMIA(P<0.01), i
T A b A B S 2 R R AE AT A AT R IL-2
(P <0.01), k& 2 R AL IL-10 & & (P <
0.01), B %7 IL-8 45 (P <0.05), SIAb
PR B E S T M IE A IL-10 S (P <
0.01) . %A koAl SI Xt IL-10 £ & 5= A b i %
HAERL (P <0.01),
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Table 3 Effects of SI supplementation on the performance of neonatal piglets fed fresh and oxidized fish oil diets

2H 5| Groups P {§ P-value
I I Il| v Oxidized SI Oxidized fish
fish oil oil x SI
BW/k 1 1.896 1.896 1.893 1.895
E £ ERES 0.967  0.990  0.988
dl +0.075 +0.065 +0.059 +0.060
11 R 3.749 3.757 3.689 3.748
ns ns ns
dl11 +0. 100 +0.099 +0.076 +0.098
w21 K 7.907 7.962 7.625 7.833
b . b b 0.057 ns ns
d21 +0.107 +0.111 +0.099 +0.086
SEHH 1~10d 185 +5 186 +4 180 5 185 +7 ns ns ns
ADG/g 11~21d 416 =13 421 =9 394 +8 409 =10 0.109 ns ns
1~21d 301 £6° 303 +4° 287 £4° 297 £2% * ns ns
S HREE 1~10d 152 +4 152 =1 151 =3 151 =2 ns ns ns
ADFl/g 11 ~21 d 357 =4 353 =3 355 =5 355 +2 ns ns ns
1~21d 271 =4 268 £2 269 +4 269 =1 ns ns ns
0.820 0.816 0.842 0. 824
F/G 1~10d
FHE i +0.024  +0.012  +0.016  =0.033 ns ns ns
0. 862 0. 840 0.903 0.871
11~214d b . b b 0.102 ns ns
+0.024 +0.017° +0.019 +0.024
0.901 0.885 0.939 0.907
1~21d % 0.058 ns

+0.014" +0.017" +0.014° +0.010%

AT R B AR AN A RS TR 28 S B35 (P <0.01) R [R/NG FRER IR 28 57 3% (P <0..05) , A [ 7 1R 8 0 7 1
FREFRALE (P>0.05) s F/REFMEF(P<0.01), =« F/REFRE(P<0.05),ns LREFALE (P>
0.05) . T,

In the same row, values with different capital letter superscripts mean significant difference ( P <0.01) , with different small
letter superscripts mean significant difference (P <0.05), and with the same or no letter superscripts mean no significant differ-
ence (P>0.05). = means significant difference (P <0.01), % means significant difference (P <0.05), and ns means no
significant difference (P >0.05). The same as below.

x4 FEEBMELERARPRMSINFEFEZTHRBERILEINZME
Table 4 Effects of SI supplementation on the ability of antioxidation in jejunum mucosa of

neonatal piglets fed fresh and oxidized fish oil diets

#H 5| Groups P {H P-value
Vi N V= v
Wi H Items EER AR A % ST
I I I v Oxidized ST Oxidized fish
fish oil oil x SI
ps¥eikaRin /I sgia i w a b a
45.260 £0. 567" 46.843 +1. 588" 43. 054 0. 592" 46. 745 +1. 352 ns * ns
T-SOD/ (U/mg prot)
LR g . ab . b ab a
3.789 £0.590™ 3.218 £0.110° 4.092 £0. 545" 4.890 £0. 530 0. 054 ns ns
CK/(U/mg prot)
S/ =R a1 . b b a
4.207 £0.208" 3.219 £0.286" 3.354 £0.186° 4.308 £0. 147" ns ns ook
T-AOC/ (U/mg prot)
=R i)
AR 6.493 £0.791 6.031 £0.922 7.591 £0.856 8.333 £1.200 0.09 ns ns

CAT/(U/mL)
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Table 5 Effects of SI supplementation on the content of MDA in jejunum mucosa of

neonatal piglets fed oxidized and fresh fish oil diets

24 5] Groups

P {8 P-value

i H Items

Skt A x ST

1 I 1% Oxidized SI Oxidized fish
fish oil oil x SI
W:% b b a ab
0.560 £0.138” 0.617 £0.056° 1.069 £0.138" 0.936 +0. 135 ok ns ns
MDA/ ( nmol/mg prot)
*6 FEEEHIMENERFARBTR ST X5 4 (F5E =I5 PE 4 b % B F 220
Table 6 Effects of SI supplementation on the cell-mediated immunologic factors of
jejunum mucosa in neonatal piglets fed fresh and oxidized fish oil diets
2H 5] Groups P {H P-value

I H Items A AL £ A ALl x ST
| I 11 \% Oxidized SI  Oxidized fish
fish oil oil x SI
Y83 TAN -
IRIRSER T — o 27.290 £1.220  25.315+1.026  26.710 +1.454  26.767 +0.974 ns ns ns
TNF-o/ (ng/L)
I —2
A 94.438 +1.896™ 96.886 +3.807"°°105. 100 + 1. 734***107.838 =1. 574" o ns ns
IL-2/(ng/L)
I —6
I?_’Ef%g’f) 114.438 +2.948 114.504 +4.949 114.129 +1.236 115.246 +1.723 ns ns ns
MM ZE —8
IEL:E/H;@:;/%) 63.961 £3.244"  61.585 £3.497 54.400 £2.942° 56.918 =1.840™ * ns ns
A ZE - 10 . . .
A= 196. 774 £1.844™ 194.539 +3.073** 167.922 +4. 559" 139.945 +7. 797 ok *% *

1IL-10/(ng/L)

2.5 FEEmFEHERERPIRM SI X EF
HIHERR R FELHEXE TR

f R 7 A] DAAS Y T 4H 6 0 A AT 5 T 1 5
NF-«B &2 itk o 2% T [ 44 (P <0.01) , &
ERTINA(P<0.05), fajlsEfbb =4 m T
B I INOS JEHE (P <0.05) , % NF-kB 4 %
AFE (P =0.08) %A Akl A1 ST Xf iz 18 2 B
NF-«B 5 772 35 B AE A0 (P <0.01) , X} AP-1
EIEA BAER (P =0.098)

3 i i

B e I 25 2l ) B A A A i ] B B
A ROS Kbt 4, MDA & BN, A4 T-SOD [
8, AR o AT ST A A TR
IR IR AV R 78 ANAL G RIERY N

IR EE AR A BRI P S S A Tk X R AR A R
#iE T-SOD (CK j§ 14 . T-AOC L) MDA 5 w4 ik
FAAE XU A IR A0 S A il 2 R S T
BT B A AL R T ST ORI B A A Y
FEAE AR A i, R i IR RS
Ui A AL B AL T (SOD) | 45 e H Ik it 4 Ak 4 it
(GSH-Px) \CAT 45, n] i J@ 6 8 1 (MT) (&
o STHIBTARAMEHE 518 TN AE )z
FE T ARG IR AN TR 4 B
WA A URE R B IS AL Al AR R ST R B
AFRPAEAR L, 78 A AL B O T, SR AR ST
FFAEREER LA G T 4] PR BE AL P AR B L
FHECAE, TR IS TN STA KA 1) W 4 A #2305 5 |
AR RLSONE
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Table 7 Effects of SI supplementation on the Co-oxidation and immune-related factors of

jejunum mucosa in neonatal piglets fed oxidized and fresh fish oil diets

24 5] Groups

P {H P-value

i H Items

A aih A x S

1 I JIi v Oxidized SI  Oxidized fish
fish oil oil x SI

- «B

ﬁ'g("gﬂ) 3.361 £0.083"™ 3.605 +0.150™*" 3.862 £0.080™ 3.584 +0.072*" 0.08 ns ek
B/ (.

7 AS BN g s . . ;

;?ETNOS%?U%S 08.676 +4.363" 108.176 £6.417™ 112.076 +2.289" 111.576 +2. 076" * ns ns
NZTANIE TN

g%”g";ﬁﬁa L) 75.427 +1.377  75.231 +0.591 76.282 +1.182  74.429 +1.821 ns ns ns

1 pg

IRy _1

LSS 07.599 +1.594 88.241 +2.284  89.265+2.295 83.125 +1.491 ns ns 0.098

AP-1/(ug/L)

IL-10 H A H0 2 R 2 Fh 20 i IR 745 78 19 1
JHT, =4 Th 40 B B0 380 A0 40 B B 1) 77 2
A= Wy 2 oy B S R 0 R & 1k R 9 R, I HL
TL-10 EA R 38 400 1 5 s 200 B 0 ek o 4 1 A
TR 22 WK T A1 25 B I 1 T 5 SO LIATIE T i AR
ISR , BRPEE B 26 MR S 5025 A 0
HEIIRZR" Deng %™ [ HF5E W, X 7 4%
(7% A S S s 5 48 A LSRR 5, A7 4% I 3
HE A 2 - 1 (IL-1) FI T4 % -y (IFN-y) 3§
I, VLR HLI S e Sh B R A B . EAS2 g o, frl
A LA R W T B T R IL-2 KO 3
IL-8 I IL-10 T K, iE W T 481k £ 3035 5 ) 1 18 46
PE LT B T ST S B, 18 3 0 1) 4 88 ML o) & 2k
s

NF-kB /& i NF-kB/Rel & [ K JGEH 2 4~ 51t
LR SR (B, LR AEAE T T A 40 P e IE
WU M N AR ST «B 454 A B,
Y2 At 78 AL BLEOR S T, NF-«B
ME AR BN B, 56T AN 5 A
J 9] A S R A X 5 A, DT S80S 32 VR 42 1oy e TR
FiEP, B, ME NF-«B 7640 M 9748 4k, 7T R
W tH A0 7E B ol R TR . ARBF S P, 5 R
S AR S 2 A3 DR 3k K ETH i, Hop NF-kB 3%
IRIK- 3.3 1, Ui I 48 Ak 7 S 14 i A
W] R s 2 19 ROS, ROS A S i 481k
T TR 5 B0 14 5 57 T F NF-kB S i 30 i 46 14 4
H R TR0, IR S0 R o AR IR IR0 25 6
W], SI ] i NF-kB 335K, Bl ST REif s i

BRid 21 A SRR IR SA A RS o A
B IS s l LA H i A A NS 5 20 A
1 21 i NF-kB-iINOS-NO #EATH) .

4 & it

SRR AT R R A A AR DR R T AT T
BN, VA T Wi JAE SN, B i ST REAE— €
G M & LR T 7 RN AR S INAIN
T 2 g RAE ) A A, s LA RO T B AL BE T

SR

C1 ] BRHE, SR, iR, 45 40 A 0 3l W3 Al 18
ikt WAt s sk [T ]. [ & B I 2000, 33
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Influence of Oxidized Fish Oil on Intestinal Mucosal Immune Response in
Neonatal Piglets and the Use of Soybean Isoflavones as an Intervention Measure

HUANG Lin'* JIANG Zongyong'* LIN Yingcai' ZHOU Guilian' ZHENG Chuntian' CHEN Fang'
(1. Guangdong Public Laboratory of Animal Breeding and Nutrition, Key Laboratory of Animal Nutrition and Feed
(South China) , Ministry of Agriculture of China, State Key Laboratory of Livestock and Poultry Breeding ,

Institute of Animal Science, Guangdong Academy of Agricultural Sciences 510640, China; 2. College of
Animal Science, South China Agricultural University, Guangzhou 510640, China)

Abstract . This study was conducted to determine the effects of dietary oxidized fish oil (OFO) and the interven-
tion of soybean isoflavones ( SI) supplementation on growth performance, intestinal mucosal oxidation-related in-
dicators, immune factors, and co-oxidation and immune-related factors in neonatal piglets, and to explore the
effects of oxidative stress on growth and intestinal immune response in neonatal piglets. The neonatal piglets
(n=96, 4 day old) were selected and divided into four groups. They were fed 5% fresh fish oil (FFO) ( group
), 5% FFO +50 mg/kg SI (group I ), 5% OFO (group Il ), OFO +50 mg/kg SI (group [V). After21 d
of feeding, two piglets per replicate were slaughtered, and small intestines were sampled. The results were
showed as follows: at the end of 21 d, body weight of the neonatal piglets in group Il was significantly de-
creased compared with that in group II (P <0.05). From 1 to 21 d, daily weight gain of the neonatal piglets in
group Il was significantly lower than that in group [ and group II (P <0.05). Compared with group I and
group Il , the content of malondialdehyde (MDA) in the intestinal mucosa of piglets in group Il was increased
by 90.89% (P <0.05) and 73.28% (P <0.05), respectively. SI supplementation significantly improved the
activity of total superoxide dismutase ( T-SOD) in intestinal mucosa (P <0.05). The OFO and SI produced a
significant interaction effect on the activity of total anti-oxidation capability (T-AOC) in intestinal mucosa ( P <
0.01). The content of interleukin-2 (IL-2) in group Il was significantly higher than the that in group [ (P <
0.01) and the contents of interleukin-8 (IL-8) (P <0.05) and interleukin-10 (IL-10) (P <0.01) in group Il
were significantly lower than those in group [ (P <0.05), respectively. The OFO significantly increased the ac-
tivity of inducible nitric oxide synthase (iNOS) (P <0.05) and the content of nuclear factor-kB ( NF-kB)
(P <0.01). Collectively, these results suggest that dietary OFO significantly reduces the antioxidant capacity
and causes intestinal inflammation in piglets (4 to 24 d old). SI supplementation can alleviate intestinal damage
of neonatal piglets. [ Chinese Journal of Animal Nutrition , 2011, 23(5) :799-806 |
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