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O E. KRB S AT AN AR (IVE) Atk 4P v 32 B0 (ELE) s AEx ¥k x K (DLY) f= & £
A 2 (LCB) Wi 154 .98 2 db Am i BALAE A 09 %o, R 4FKE[ (11.22+0.32) kg | 4B 8942
B DLY #2 LCB Wi 347 & 48 k Mt 5 A AWM HM3ANER ,FAEH 8 KM (DLY ## LCB
B4 3k) o A RRZAAR RIR A A AR K I 40 2 R A9 PR A SR a4 AR 09 R Bl B e 500 mg/kg IVE
250 mg/kg ELE ## 50 mg/kg &% % (CHL) #9iX3a 4 M, FRX 4 7 d, EX B 42 d, &R AN,
1) 52t pEa4a 3t IVE 4= ELE 40 DLY #= LCB Wi 4347 %49 F3) B 3¢ % (ADG) . % & KL+ %2 &
AL B ACEE (SOD) 7 P (24 #= 48 h) .+ =35 M A B H pkit AL 4 B 4 ( GPx4) ¥ mRNA A8 3+ &
RERFM(P<0.05), mbaF kERELEELFEMK(P<0.05), 2) 5B a4k, IVE 4
DLY #= LCB Wi w3 /F 3% 6 e iF X & B 4 F 2% 3 m(P<0.05) ;ELE 41 DLY #= LCB B %315 % 49
SN etk B tm RLIE T F e dn R B G A(IgA) A8 R F 3 m(P<0.05) , 3)LCB Bf 347 %
#9738 K25 (ADFI) #HEZ W (F/G) MR A ik kE R IKEEM%Z G (LDL) | ik
Ea M(IgM) 2B EE G(IgG) . A =& (MDA) (48 h) 4% 2 % & T DLY ¥ %317 %% ( P<
0.05) ,7 ADG 7% & % £l %& @ (HDL) 4% . % KWL ¥ 5k H ki A4 49 B8 (GSH-Px) & 1%
(24 h) =M F =M+ GPx4 %) mRNA A8 &4 2 2 F1K T DLY Bi 4315 % ( P<0.05) ., 4)
154 Fo Fb L5 B4 e ) 649 3 AR A 3B 34T 5 49 ADG . ADFIL F/G A= fo i 1gM A% A B 5% h
(P<0.05) ., % EFr& 4# PRk IVE #2 ELE 7T 32 & W 4543 3% 69 3 B AL 7, 3 S LK 2. 95 5
#t,DLY #= LCB Wi #34% # #F IVE #= ELE 894t R AL F= .92 2 % R B ,LCB Wi 4315 # 69 B & %%
KT DLY B 45 8, M A KB HFRKIWL, T =3 W% F 2 W ey 8 ALak /1 Rde DLY W7 43
1%,
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4718 B oWoE R Rk 31 &
DLY) fiAs + B 7 4 ( Chinese native Licha-black, i35
LCB) Wit {134 1922 5% , 4 IVE Fl ELE 76 A [f] i il ‘
$% 1 B0 TR 22 e *1 %iﬂi’fﬂ*ﬁéﬁ@&ﬁ%*%’(ﬂ?%iﬂ)
Table 1 Composition and nutrient levels of
the basal diet ( air-dry basis) %

1 #MR5FZE
1.1 iR5a a4

IVE: AR ARk K 27 2 W) 8 57 BF 58 5 By &8 4
W PRI o SRR UL . F BT O A
i =55.50% , ERi ki =6.17% , 15 75 B =4.56% .

ELE. LA e & sh W it A FR S sl 44t 3
BT kP 2B =20.00% , # i =8.00% , 4% )5
% =5.00%.

4 Rf % ( chlortetracycline, CHL ) ; 111 4= FN ¥ 4R
F WA BRA F AL,
1.2 Rt

WK E [ (11.22+0.32) kg | AT Y {a B
DLY F1 LCB W14 4 48 3k, BEHL /3R 4 41, B
H3NEE, BNEE 8 KL (DLY fil LCB £ 4
L), HABEEZET AR E(P>0.05), XA
o) R it A 36 201 43 S ) R A R Al ) R ) i
fill | % fin 500 mg/kg IVE, 250 mg/kg ELE Al
50 mg/kg CHL [ ix 5 1) AR, & it A0 AR 240 Bl S B
FRARFIFR 1, B 7 d, 1B 42 d,
1.3 #®ilFEHR
1.3.1 AKHhE

B R AL SR A% 2L BT 7 A 1 SR B o RN R R
TR | A AR g S K o S A W W A A AR
P HSE 4 H SR & ( ADFL) SFY H 8 E ( ADG)
FUBE L (F/G)
1.3.2 Iy T bR

RIGLE e, BA-EZRALES 1 3k DLY Al
1 3k LCB Wil , 25 HE W s &8 DK CR 1L 10 mL ik
BT HUEEE, T 40 A i ik B 40 A 3 5 % 1
WRE 3 55 2Kl 10 mL TR K& # 8 10 min, 2R 5
2 000 r/min 0> 10 min, 7 & I 75 I 43 %% 9% 5,
=20 CUKFEHRAERRIN . R T4 H 3l A Lo B i
(COBUS MIRA Plus, %+ %+ 20 7)) I 22 138 &
A MH R EE = S % R R 2R 1 (HDL) IR
HENRHE I (LDL) MR R A &,
1.3.3  IfH S

K0 KX~-21 ALl 28 i 53 Hr A ( SYSMEX 7R 7.
FRRAFE], HAS) M52 4 1 14 20 M50, 20 4 it
Q11 N - G N 1 I 0 = < | A N =

i H Items

JEB} Ingredients

& Content

2K Comn 58.20
X H Wheat middling 10.00
5FH Soybean meal 17.50
TR B AT %54 DDGS 8.00
.l Soybean oil 1.30
FEAR Premix" 5.00
411 Total 100.00
35K Nutrient levels”

Wk BE DE/(MJ/kg) 13.65
HLZE 5 CP 15.91
£5 Ca 0.77
A0 AP 0.54
R Lys 1.01
EE R Met 0.29
HEAEMR+F AR Met+Cys 0.61
AR Thr 0.65
AR Try 0.18

DR RN B T TR A 4R it The premix provided the
following per kg of the diet; VA 3 300 IU, VD, 300 IU, VE
11 IU,VK 0.5 mg, VB, 1.00 mg, VB, 3.00 mg, VB, 1.5 mg,
VB,, 0.015 mg, D-{Z ik D-pantothenic acid 9.00 mg, ‘L&
biotin 0. 05 mg, "' {8 folic acid 0.3 mg, JE % BR niacin
12.5 mg,Cu (CuSO, - 5H,0) 5.00 mg,Zn (ZnSO, - H,0)
80 mg, Se ( Na,SeO,) 0.25 mg, I (KI) 0.14 mg,
Mn (MnSO, - H,0) 3.00 mg,Fe (FeSO, - H,O0) 80 mg,

OMLEE BT SR, A SRR I R, CP
was a measured value, while the other nutrient levels were

calculated values.

1.3.4 A1 JE I gk T 210 Jf 15 7 %

WE THSREE MM 10 mL 5
10 mL#RR 5 2% ik (PBS ) IR A), INAF] 20 mL %%
Ik L 40 M 43 B W ( Percoll 40 i 73 2 W) h, T
1 800 r/min.L> 20 min; FH A% 46 W 4R 21 41 i Al
2% 22 [6] 14 470 ) I bk B 40 e, i A 21 PBS it
FFYE¥E,1 000 r/min B0 10 min, 8 & YE% 1 K,
TNALT 20 M 2 v 2 PR AT AN, BT 1 WK ik
AN TE T RPMI-1640 58 4 15 37 W0 51 14 % 40 i
WREF) 3x10° A~/mL, K FiRSR Ll 40 T EUS
A E] 96 FLAH LR o, BEAL A 100 L5 H 4t A
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WE T 37 CHNMuEE A P 597,24 h J5EALIMA
10 wL 5 mg/mL 3—(4,5- _ F JEmEML—2) -2 5-—
RBEDU TR (MTT) (8 IR ) V8 W, 4K 22 15
F4anh 5, BFMA 90 uL 50% — H 1 ( DM-
SO) —10% T ke FL A 2 #H ( SDS ) ¥ WL, fiff FH il A
AXAE 570 nm PRI OEEE (OD) 1A,
IR (%)= (ODy451 =OD s 1) /OD gy o

1.3.5 IiFfREskE H &=

B 00 ot v, A B R U W Il T Al g
BREH A(IgA) AERRE H M (IgM) il BR AR
F G(IgG) &, IgA(E027) . IgM(E025) f1 IgG
(E026) 71 £ W T ma 5t i A= ) TR B9 i
1.3.6 B S FE AR AR

RAMLZEH T | B2 Wi A48 5 7 e
FIE Ji | 0 PR LTI 0 o o, 3 580 LI 48 40 SR )
TR A+ 48 b A L 0y 5 g Z2 A YRR
AEK W BENEY G, B TSRS T -80 TR
RIRT

1.3.7 WIS A LB TS T AN R & i

P F0K 75 B K LR T W B T4, B 10 ¢
A E T 10 mL B0, -20 CTRIF, T4 C
Iy CE 24 A48 h 5,37 CKIB R, BUS 778
VKR AT 0 2050 ML L B 10% Y &0 3%,
4 000 r/minfC 5, B RO, SR FH o IS A
TR (32 e 2 ) I e 8 4801k ) 1B AL T ( SOD) T
PR, R H AL 2% Lo 68 3 0 5 43 bk T BK 2 41k ) il
( GSH-Px ) i& % #1 N — ¥ (MDA) % &, SOD
( A001) .GSH-Px ( A005) Fll MDA ( A003) i 7] £
W F e ot A ) T RIS T
1.3.8 4141 RNA $2& B S Bt & Ak A8 ¢ 2 B iy
mRNA X} 2 A 5

R 4% GenBank B H% 38 ) 5 14 H- 0 % - 3 -1 iR
Jit = ( GAPDH) 4 e H kit S AL W i 4 ( GPx4)
F1 p38 2224 JF 4 B I G ( p38MAPK) it A ¥
51, ] Primer 6.0 ¥ #4751 Wi it , 48 K5 A
G IT L 2,

x2 3MF7%
Table 2 Primer sequences
HEIA BT Bk 2 PR
Genes Accession No. Primer sequences (5'—3") Production length/bp

NM 001206359.1 F: TTCCTGGGTATGGAATCCTG 149
- ' R:CACCTTCACCGTTCCAGTTT

F:AGCCCAACTTCATGCTCTTC
NESORSESS R:CATTGCGACACACTGGAGAC 159

F.
XM_001929490. 1 :CTTACGGATGACCCACGTTCAGT 197
R:GCTCACAGTCTTCATTCACAGC

il -3 -w i S GAPDH
B H AL A ALY 4 GPx4

p38 2L B4 IS B 1R p38MAPK

BB -80 TR I Fl -+ — 38 I il 50 ~
100 mg, #% M Trizol i 5 & 1% B 15 ( Invitrogen 2%
A) 3 ) $RIBUEL RNA T 5840230606 B T A6
RNA (5T £ FIk FE, 25 2R W78 OD fH ¥ 7E 1.8~
2.0, RS 09 5 RNA ST EDBETT FgE 5k, R st
$i2 1% PrimeScript® RT Master Mix Perfect Real Time
R G U] B AT R . POE & PCR AY RN
F 20 pL, HY 355 F 0 95 THUAEE 30 5,95
CAEM 55,60 TR AIEAH 34 5,95 T 155,60 C
60 5,40 NMEF,60 TR S, FFE M
3ANEE ., POt PCR I GE G 272 kit
T8 98 ab B, o3 A =S i F0 T 48 B GPxa
P38MAPK 1) mRNA HHXf ik,

1.4 #HESIT

RISEHRE ] SAS 9.3 BAFH#HATS T, 115
st PRIV ERDAR S 5] (7] 22 7 2R FH SR 38 7 22 43 b
TG i, 2 F#4{E 2 8] ] Duncan Rkt T £
# I, g dE A E R SEM £, P<0.05
FRERBE,

2 % B
2.1 IVE #1 ELE X DLY #1 LCB Wi {3 {F 3 £ K
e3-:pA

H 2% 3 "I, 5XF 41 e, IVE (ELE #1 CHL
44 DLY F1 LCB Wi {144 %) ADG ¥4 1 3 fin ( P<
0.05) ,IVE .ELE #1 CHL 1 LCB Wi #3115 ) F/G
B EREAK (P<0.05) , DLY Wri{75% %) ADG & 3%
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&= T LCB W14 (P<0.05) , 1fii ADFI #il E/G &
FAKT LCB Wi {144 (P<0.05) . {154 &t F 5 1

RS 0750 B 22 A F X W 4156 ) ADG , ADFI Fl
F/G ¥ B &5 (P<0.05) ,

%3 IVE # ELE Xf DLY #1 LCB B {73 £ K aE R E
Table 3 Effects of IVE and ELE on growth performance of DLY and LCB weaned piglets

miH P H EYHRE R B L
Items ADG/ (kg/d) ADFI/ (kg/d) F/G

MxEKx kK DLY

%} B8 Control 0.52° 1.11 2.13

JNAHREY) IVE 0.59° 1.17 1.98

FAR-$2 B ELE 0.58° 1.23 2.12

47 % CHL 0.58° 1.15 1.98

A+ W B LCB

%} 18 Control 0.46" 1.32 2.87°
JNfEEIY) IVE 0.50" 1.31 2.62°
KLY ELE 0.52° 1.32 2.54°
4% % CHL 0.52° 1.30 2.50°
SEM 0.012 0.011 0.022
RN Main effects

fhx K x K DLY 0.57* 1.17° 2.05°
A+ BB LCB 0.50" 1.31° 2.63"
P {H P-value

FoxKxk DLY 0.041 0.101 0.087
A+ B LCB 0.033 0.087 0.007
FEx K x x4 H 7% B DLYXLCB <0.001 <0.001 <0.001
38 i MGV RL S A 0.016 0.038 <0.001

Piglets breedsxdietary additive

() 51 K4l J b AR [R] G 7 R R 22 58 B35 (P>0.05) , ARG FRER R 22 5 .36 (P<0.05) o T 2RI
In the same column, values with the same or no letter superscripts mean no significant difference ( P>0.05) , while with dif-
ferent small letter superscripts mean significant difference ( P<0.05). The same as below.

2.2 IVE #1 ELE X DLY #1 LCB Wi @3 {F3% ;5
AL IEREI RN

H R 4 AL, 5% 41 AH L, IVE 41 DLY 1
LCB Wi i B E A & B & (P<
0.05) ,IVE F1 ELE 41 DLY F1 LCB Wi {75 4 1i0
T IR 2 A A F PR (P<0.05) ,ELE 41 LCB W
WhAF ¥ I3 HDL & & B 2548 fin ( P<0.05) |, I35
LDL & & | i F [ K (P<0.05) . LCB Wi {154
() 1ML PR R A M LDL % & &8 3% & F DLY Wi {1
¥ (P<0.05) , i 7% HDL & & & Z{% T DLY W
WA (P<0.05) o A% 5 i 5 DB i ) i 28 B
A XE T 03 A 3 19 1ML 35 A= b 36 B 38 6 8 35 5
(P>0.05) .
2.3 IVE #1 ELE X} DLY #1 LCB &F i} {F 3&
IE NS E R

H 3% 5 AT I AR s in IVE R ELE X DLY

HILCB Wrlih 4146 B 21 240 B i H-45 , F 2m i o145 afi /)
TR R G [EAR: = R b N | NS s o T
S (P>0.05) o A7 R 5 mDRHAS I 350 1% 32 BLAE
XT3 a8 RSO B 2 52 ( P>0.05)
2.4 IVE #1 ELE %t DLY #1 LCB W 4} {F 5% i i
FEH SNE M B AR E RN B R EKE B
SENEN

& 6 I, 5% REZHAH L, ELE 40 DLY W
WA 5 0 A B 6k 20 38 7 R I3 TgA AN 1gG
W FERIIN(P<0.05) ,LCB Wi 414 i 1 Jil itk
U0 440 it 589 B & R0 I 37 TgA & B W E N (P <
0.05) ; CHL 41 LCB By #3444 ) 1l iE 1gM % &t 5k
FHIEMK(P<0.05) . DLY Wil 414 At NI 4 %k, ifi
5 1gM Fll 1gG & #3418 (5T LCB Wiy (P<
0.05) o AF% it B 55 fRDEHAS 0 70 09 28 A HI AT
AT LT TgM & 8 B &0 ( P<0.05) ,
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%4 IVE # ELE Xt DLY #1 LCB B {73 5% 2 L 35 4R R 10
Table 4 Effects of IVE and ELE on serum biochemical indexes of DLY and LCB weaned piglets

5iH BEA IREA Hm =& JiH [ st mMEEREN  REEREN
Items Total protein/ Urea nitrogen/  Triglyceride/ Cholesterol/ HDL/ LDL/
(g/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
FoxK xk DLY
Xt i Control 37.41° 3.45° 0.03 1.12 0.44 0.65
JNSAHEEY) IVE 42.03" 2.74" 0.04 1.27 0.48 0.67
A4 EY ELE 41.30® 2.88° 0.04 1.30 0.45 0.65
4% # CHL 38.83" 2.97° 0.04 1.24 0.49 0.64
A+ BB LCB
X} B Control 34.11° 3.83° 0.03 1.21 0.20° 0.80°
ALY IVE 44.53" 3.12° 0.04 1.24 0.36" 0.73%
H 42 ELE 41.98™ 3.33" 0.04 1.23 0.43" 0.51°
4% # CHL 39.94% 3.50® 0.03 1.22 0.28° 0.73"
SEM 1.200 0.559 0.005 0.085 0.018 0.040
RN Main effects
ftx K x kK DLY 39.89 3.01° 0.04 1.23 0.47° 0.65°
A+ HZHE LCB 40.14 3.45° 0.04 1.23 0.32° 0.70°
P {8 P-value
FxHxk DLY 0.038 0.027 0.170 0.322 0.221 0.127
A+ B LCB 0.021 0.045 0.144 0.659 0.039 0.033
xR xR xA - B 72 8
DLYXLCB 0.103 0.020 0.101 0.984 0.028 0.049
FF4E A AR 71
Piglets breedsx 0.771 0.149 0.559 0.735 0.443 0.256
dietary additive
%5 IVE #1 ELE ¥ DLY %0 LCB BT {3473 1 % M S £ 0 5200
Table 5 Effects of IVE and ELE on blood routine parameters of DLY and LCB weaned piglets

SiH AR 1 /N2 e SE 8R4 MBI B E 58k Il 21 2 v

RBC/ WBC/ PLT/ LYM HGB/
ltems (x10"4~/L) (x10° 4~/L) (x10° 4~/L) percentage/ % (g/L)
F:xEKxFK DLY
%} ## Control 8.52 14.75 292.50 35.85 142.00
INFEEIY) IVE 8.82 13.65 298.50 32.95 148.50
FAf £ Y ELE 8.55 15.75 302.50 36.20 140.00
47 & CHL 8.73 13.50 310.00 33.85 145.50
AL EHZE LCB
%} 18 Control 7.15 14.29 317.00 33.40 127.00
JNAHRELY) IVE 7.93 15.45 319.00 29.55 123.00
FL AR B ELE 7.89 16.81 313.50 31.60 132.00
48 % CHL 7.50 15.90 303.50 27.45 124.50
SEM 0.368 0.434 14.61 1.104 1.036
ERW Main effects
FxExK DLY 8.66 14.41 300.88 34.71 144.00
A+ B HE LCB 7.62 15.61 313.25 30.50 126.63
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23R 5
5iH EAR )i ORa s 40 i T4 /MR T4 PN SR NS 1 A s = = b7 9
" RBC/ WBC/ PLT/ LYM HGB/
ems P r 9
(x10"4~/L) (x10° /~/L) (x10° /4~/L) percentage/ % (g/L)
P {8 P-value
Fx K xk DLY 0.200 0.144 0.205 0.155 0.206
A+ H 7 HE LCB 0.171 0.212 0.159 0.172 0.135
IRIS 7B
E;ﬁ(i?gzﬁii 0.201 0.206 0.145 0.433 0.073
R AR 05
FEARt i R A 0.322 0.278 0.188 0.569 0.210

Piglets breedsxdietary additive

% 6 IVE 70 ELE Xf DLY #1 LCB & #3{F 5& B2 Bl 15 25 . S J&) i itk B2 40 A4 58 R A0 75 R R 3K R B & BRI 20
Table 6 Effects of IVE and ELE on spleen index, peripheral blood lymphocyte proliferation rate and

serum immunoglobulin contents of DLY and LCB weaned piglets

5 T L 41 34 g R ‘
i H Spleen index/ Lymphocyte RPEFREH A REREAM REREHG
Items proliferation IgA/(g/L) IgM/(g/L) IgG/(g/L)

(g/kg) rate/ %

f:xEKxK DLY
*F 18 Control 1.38 38.11° 0.08" 0.76" 4.48°
JNAREUY IVE 1.46 39.62° 0.09® 0.79® 4.74™
F P2 I ELE 1.41 42.07* 0.10° 1.06* 5.58"
4% % CHL 1.44 40.89™ 0.09* 0.66" 4.04°
A+ HZH LCB
% B8 Control 1.70 35.79° 0.08" 0.98" 5.28
NI IVE 1.75 37.04° 0.09® 1.13° 5.43
FE A 3B ELE 1.82 45.18° 0.11° 1.02° 5.91
4% & CHL 1.80 39.28™ 0.09* 0.68" 5.16
SEM 0.063 1.174 0.005 0.035 0.046
FEZ W Main effects
ftx¥Ex K DLY 1.42° 40.17 0.09 0.82° 4.71°
A+ HZHE LCB 1.77° 39.32 0.09 0.95° 5.45"
P {8 P-value
FxHKxk DLY 0.112 0.031 0.025 0.040 0.015
A+ L35 M LCB 0.221 0.005 0.021 0.013 0.262
FEx R x KxA 4= BLZ, HG
DLYXLCB 0.031 0.279 0.171 0.048 0.006
38 i R <R 0.098 0.167 0.260 0.035 0.945

Piglets breedsxdietary additive

2.5 IVE # ELE % DLY #1 LCB B i} {7 35 &
KN4 EBEENIR _BSENEN

M 7 nl 50, 5 X B 4140 kb, IVE 1 ELE 41
DLY 1 LCB Wi #3415 ¥ fc K L /9 SOD 1
(24 148 h) #1 LCB Wit 5% 15 e K L ) GSH-

Px i1 (24 h) B8 (P<0.05) ,DLY K ii4F
WA RN E MDA 55 (24 #1148 h) I 2 FEAIX
(P<0.05) ; IVE 41 LCB Wi 317 5 5 s K L Y
MDA %4 (24 Ml 48 h) B F AL (P<0.05), 5
IVE #H4H Ik, CHL 41 DLY #1 LCB W 3 1145 5 K



10 T &%\ AL B A < K xR A + B2 B AR - 4723

WA ) GSH-Px 1% 1 (24 1 48 h) i & [ A% ( P<
0.05) . DLY Wr#i4F5% 5 s K WL H 19 GSH-Px i
(24 h) i 3F & T LCB Wi 4144 ( P<0.05) , ifif
MDA & & (48 h) 2 #F Ik TLCB W Wi {1 4% ( P<

0.05) . 113 & A 5 1RG0 570 /Y 22 5 A X B
WA 3% 3 B K UL 9 SOD 1 GSH-Px i M K&
MDA & & JC 8 & % ( P>0.05) ,

%7 IVE #1 ELE ¥ DLY #1 LCB Biifi{F B R KN4 EEENR B S22

Table 7 Effects of IVE and ELE on antioxidant enzymes activities and MDA content of longissimus dorsi

muscle of DLY and LCB weaned piglets

B A AL AL T A H Ik S Ak P il [t

?j H SOD/(U/mg prot) GSH-Px/(U/mg prot) MDA/ ( nmol/mg prot)
tems

24 h 48 h 24 h 48 h 24 h 48 h
Frxfxk DLY
%t i Control 332.40° 274.77° 270.87 167.18" 16.42° 27.98°
JNfEEIY IVE 397.64" 293.34° 280.01 186.41° 11.09° 19.36"
A4 EY ELE 388.77° 284.94" 295.66 175.94* 13.63° 17.19°
4% # CHL 355.19" 274.77° 283.92 157.88" 19.01° 29.99°
A+ HZ B LCB
X} B8 Control 310.64° 266.67" 255.04° 170.53* 18.93° 28.99*
ALY IVE 405.41° 305.94" 291.63* 188.23" 14.45° 22.39°
A4 EY ELE 393.96" 295.88* 281.42° 183.91° 16.08* 25.09°
4% # CHL 344.61° 278.70" 255.25" 165.78" 17.62° 27.07°
SEM 1.651 1.356 2.132 1.188 0.163 0.100
RN Main effects
Fxfxk DLY 368.50 281.96 282.62° 171.85 15.04 23.63°
A+ H 7 LCB 363.66 286.80 270.84° 177.11 16.77 25.89*
P {8 P-value
FxHxK DLY 0.035 0.048 0.122 0.032 0.037 0.014
A+ B LCB 0.038 0.019 0.046 0.042 0.021 0.027
xR xRxA + B 7 8
DLYXLCB 0.218 0.073 0.009 0.335 0.260 0.012
FEHE b ol > 8 i 51
Piglets breedsxdietary 0.422 0.251 0.102 0.095 0.702 0.279
additive
2.6 IVE #1 ELE %t DLY #1 LCB ¥ {i{¥3&+—
Mz EUBEXER mRNA BXREZEN 3 i i§

A

F % 8 0, 5 X B 4H A1 kb, IVE 1 ELE 41
DLY W &3 A7 % + — 48 I 1 = 5 1 GPx4 Al
p38MAPK 1) mRNA fHXf 5 F1 LCB + 48
H' GPx4 1) mRNA A X % 15 & B & 3 (P<
0.05) ., DLY Wi @341 4% + — 48 W 125 5 b GPx4
) mRNA A %F 2 35 it W 3% & T LCB Wi W {1 4%
(P<0.05) . FF44 divF 5 4mDRHAS a8 22 B AR X
Wi 47 %% + — 48 W F1 25 1 GPx4 Fl p38MAPK 1)
mRNA FH X3 35 5 T B 52 W ( P>0.05) .

3.1 IVE # ELE X DLY #1 LCB Wi {3 {F 3 £ K
3= pA

AR SR, A P i B AR Sy A A R 5 R A
B OV (H X Bl Py A K P RE 05 e AR AE L
SR 2 I3 T 5T 0E 52\ AR R R AT\ Sk
VAN RTID SRS CI I Wask: -9 CIRN S S IR S PR (ER TS
FEIN N B A iR B AR AR K ORI IE B 4% B9 ADG Al
ADFI™ 21 H #% & 5 P S A7 5 1 R v 3
100 mg/kght i EEIXT ADG JC i & 50 , ADFI A
Fha ke DL g5 R 0, R 4R B X s



4724 IR/ S 31 &
A RAERERYR M SR RN 2R N 05 %k Ry 542 DLY M LCB W 4144 A4 A= K PERE  (H AL

afi fEFIES A E A o, A58 IVE 1 ELE RE

il s 2Rt — 2L I

% 8 IVE # ELE Xf DLY #1 LCB Bi{i{F ¥+ 45 = i X BXEE mRNA 83 R %S M 20T
Table 8 Effects of IVE and ELE on mRNA relative expression levels of antioxidant-related

genes of duodenum and jejunum of DLY and LCB weaned piglets

+ 458 Duodenum

ZE W Jejunum

BIgE| 2B H R p38 22 3L RIS A BEH R p38 LB RS

Items i3 E ALY 4 EAEr U i ALY 4 EAE U
GPx4 p38MAPK GPx4 p38MAPK

FxExk DLY

%8 Control 1.00° 1.00° 1.00° 1.00°

JNAREY IVE 2.35° 1.29° 1.95° 1.39*

FEAb 21 ELE 2.39" 1.36° 2.33° 1.30°

47 #E CHL 1.52° 0.93° 1.02° 1.03"

A+ HZHE LCB

%} & Control 1.00¢ 1.00 1.00 1.00

J\AREY IVE 2.15" 1.07 1.15 1.09

FLAb 210 ELE 1.63° 1.15 1.23 1.11

4% % CHL 1.44° 0.88 1.22 0.99

SEM 0.137 0.125 0.156 0.094

EZLW Main effects

Fx¥Kx K DLY 1.82° 1.15 1.58° 1.18

A+ H 7% LCB 1.56° 1.03 1.15° 1.05

P {8 P-value

FExfxk DLY 0.011 0.039 0.023 0.044

A+ H7 M LCB 0.008 0.201 0.309 0.277

Flx A x Kox A« 4 HLZ, B

DLYXLCB 0.036 0.132 0.032 0.103

FFH & AR AL T 551

Piglets breedsx 0.107 0.103 0.123 0.102

dietary additive

3.2 IVE #1 ELE 3t DLY #1 LCB Wi #i{F3&MiEF  EHREA S &, ALK, 5XFEAMEE, IVE 4

EXI& LA T 15 07 9 (9 1 V5 B R T B RS 0, IVE R

IRERSN: -SSP (RERAIES & 1)L g ey
B E AR S HLOR SR B D AR G
R B AR R s S E & 2 Tk, R
R AR E A B AU, SRR AR R
W TR M) A A e AR GRDRR R ORI
AGHRT , P PN 2 R R M) FH A LT R R A R
BRI, AR AR R i LA A
A T AR i T AR e R R T R TR
AR TR SR R S TVE R I T 2 R
PR X TR A R RR R I E A D R Y R
B, DR A I ELE B 2 25 B AR A 17 RS 4 A9 1fi

R =N

ELE 21 4 1ML 775 R 25 0 & 1 W 35 PRI, 100 W 4] e v
UM IVE A1 ELE 1] 38 i W 547 5 103 B 8 7%
i R IR E A S, R 0T BB IVE 1 &
AN ELE 502 S 1T L) 38 A0 0 0 ALY T, 41 a0 7
PO 5 R0 P 43 0, R I M e 3
X AR R PR A A, S R A FH R B ML R
F A AR I R, 1 T 5 1R B = T e R
IRER SRR, WA, LCB Wi 415 14 i 35
AR N E RS T DLY W%, Ui DLY Wr
WA B9 86 1 AR I RE T L LCB W W5 41 54 22 5
JR A Z — ] fig 2 LCB Wi 3415 i L 26 1 o 3 UL T

He>E
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{LZALF DLY Wit
3.3 IVE #1 ELE X} DLY #1 LCB B 4} 1 5% B B
YN M E AR ERIINFERERER
SENHIE

A1 196 T2 200 1 184 70 2% 2 i e AT A A4 i 5
EEMEZEF B2 —" WFoT R0, f A s
1 500 mg/kg [P FF A 25 0] I 35 2 5 5% a0 i 0 )
i 99 B4 40 6 2 236 18450 U0k 2L 40 L 1 S 8 o 2
AR | 5 R4 A L, ELE 41 W7 474 B9 40 J&)
ML FBK B2 400 i 388 5 % S 25 08 M0, 5 CHL 4 A0 He th
s

G g2 BR AR 2 AL X H e 0 I ™ A o 8 oy 2
MEZE =), BA &M e hae™ Bk,
ELE %5 /% GE 3 /N BRAR N 1gG & i, IR #F
F R L2 7= A L AN -4 (TL-4) P2 A A
NI 200 mg/kg ELE W] & 3 42 5 A S A9 I 5 TgA
S, Lin %V Bt R W ELE 4% 57 R A L
EREE/NRUMLYE 1gG & &, ¥ 1gG PR IE k40
Mg, A, AR TR i ELE 35 $2 5
W3 B I TgA FI IgM & &, H LCB W 0115
(L7 TgM Al 1gG & i & 3% /= T DLY Wil {144,
UL LCB Wil 15 1 1R & S 58 /K F- 75 F DLY Wt
A4, $E78 LCB W @ A4 5 A T 5 19 S 05 71 Al
UG 1o AT S Rl AR N ) 9 38 AR X W
WA R I TgM B A I 35 52 e U B ) R rh
U N ELE W] £ 55 W W5 474 i AILAAR S ge 0, I R T
fitJ& ELE 285U RR ] A2 iF TL-4 A& B, A A T ik
EL 40 ) 36 58 40 Ak 5 M B35 Y R (R T otk
o0 a3 5 A3 AL B T RE , AT LA SR 4 S 5 HL A
b R HE R e 2R B R T, L R ALIR 1 g
2B AR R S e BR AR TR A BRI 0 , B SR LA
T,

R 2 W, R s o\ A R LR TR AR
T PR XS 4 B R0 i s TR AR S
FE B, A ARL HR R N il X R ) G S R
WEERZW A, W O i IVE R ELE X
W £ 75 19 GBI 48 0T . 35 52, {H DLY B @347
B R AETE B0 F K T LCB W75 , X nl g2
H6 0 st Pl X GO i OA — o R B R S ) G A G
YE LA 75 2 — 25 05T
3.4 IVE # ELE X DLY #1 LCB B {17 3% &
BKIMELBEENR_BEENZN

HF 5% 2 B, 4R o 8 i A 28 AT 4 R DT % 4

I TE GSH-Px 16 Pk, FEAR IS MDA & =, 4&
AL B B A AL RE T R AR I 3% 2K 4%
At s A 43 O T 4 v A R U R A
GSH-Px i 1, FEARAFIIE MDA & #:2°0 whLi An
R S 1B DR v S n /A T A () R R R i
T AFLAY SOD Fl GSH-Px i 1, B (% MDA & &,
PG AR EE T AR K, IVE A
ELE A £& & Wr 4146 75 K WL ) SOD Fil GSH-Px
e FRAIE MDA &, X DLY Wi 475 i 1F
FBCRALT LCB Wr @448 , 1 W W7 0% 444 ) e
VSN IVE F1 ELE T 42 /55 40 S8 A0 Bl 0 1 42 = LA
AL BE 7, I B DLY W 347 5% 45 58 4 i {2
PEFEHT . 300 AT B8 B T/ A T AR TP Y 32
B T 25 A 25 A6 5 0 LA S ELE Hh 1) 3 J5 iR il
RS AE 22 Bl Ak 2 i B P /R D R R L
AT 5N A W & A O, o i R
BRAUIA [ H g B2 5 b S A Bl s M DR AP HLAR 1Y GE
AR RE
3.5 IVE # ELE X DLY #1 LCB Wi i {F3%+ =
e = A R HEXERE mRNA T RIEEM
=AU

GPx4 Hi Ursini Z57E 1982 4F 1 YK M3 T HIE A
B AR R B BRI i Rk R A
YIRS KB B A AE Y . Gatellier 551 W 5% % B
GPx4 BEAT DLy fifead S840 &0, o n] DLy it S 4k i
Fi, BRAETOHEE R, M GPx4 1Y) mRNA ik &
B, GPx4 i 1% PR B E . Al S b IVE A
ELE 4 Wi W3 A7 %% + =48 W = i b GPx4 19
mRNAF XF 26 35 & 5 F X4 B4 fl CHL 41, i W
IVE Ml ELE X§ GPx4 [ A R #/EH ., 5 IVE
F1 ELE W] $2& = AL AT 4204k il 0 4, AT 2 55 AL 44
P BE 1 B ST 45 A — B

p38MAPK T 1993 4F 1 Brewster %5 *" Ik &
B, T 1994 4F i Han 25" FH 55 15 2R 85 R P 25 206
PN 2> 2 44k 75 31, p38MAPK 1% 3 [
S5 A K ok TN R N 45 22 R AN i
AT R R B, BAL R S p38MAPK
15 5 T8 % TS WA O AR B b, TVE A
ELE ZH B3 4154 -+ — 48 W #1235 W v p38MAPK 1)
mRNA AHXF ik 5 T CHL 4 F xS R4, 15 0H 1]
KA N IVE A1 ELE A $2 &5 HLAR i fi s fk g 7).
H DLY Wr @347 % + Z 46 W f1 == b GPx4 Al
p38MAPK () mRNA X1 %57 & T LCB Wriifr
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3 AR SR GPxA Fl p38MAPK (%) mRNA
Tk — R, SRR M — 3L
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(D IVE #1 ELE #%/ DLY 1 LCB Wi/ 7-5% 1
AR PERE X B KWL+ 38 I s g nd Pt A 4k
fie 11,

@ ELE #&% DLY H1 LCB Wi i1 i 4 5 2h

BE, AT IR AR,

@ LCB W15 1 A & 5 /K F- & F DLY

Wrih A g, i 2 7= P e AL AR I
AL P fE L L 8 BB RE 0 A i DLY B
LUIER I
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Effects of Illicium verum and Eucommia ulmoides Leaves Extracts on
Immune Function and Antioxidant Capacity of Durocx
LandracexYorkshire and Chinese Native
Licha-Black Weaned Piglets

WANG Xin CHEN Peng YANG Lijie YANG Zaibin YANG Weiren
LIU Faxiao JIANG Shuzhen "

( Shandong Provincial Key Laboratory of Animal Biotechnology and Disease Control and Prevention, College of

Animal Science and Technology, Shandong Agricultural University, Tai’ an 271018, China)

Abstract: This study was conducted to investigate the effects of Illicium verum extracts (IVE) and Eucommia
ulmoides leaves extracts (ELE) on immune function and antioxidant capacity of DurocXLandrace X Yorkshire
(DLY) and Chinese native Licha-black (LCB) weaned piglets. Forty-eight healthy DLY and 48 healthy LCB
weaned piglets with similar body weight of (11.22+0.32) kg were randomly divided into 4 groups with 3 rep-
licates per group and 8 piglets (4 DLY and 4 LCB piglets) per replicate. Piglets in control group were fed a
basal diet, and the others in experimental groups were fed basal diets supplemented with 500 mg/kg IVE,
250 mg/kg ELE and 50 mg/kg chlortetracycline (CHL) , respectively. The trial period lasted for 42 days after
7 days adaptation. The results showed as follows: 1) compared with control group, average daily gain
(ADG) , superoxide dismutase ( SOD) activity (24 and 48 h) of longissimus dorsi muscle and mRNA relative
expression level of glutathione peroxidase 4 ( GPx4) of duodenum of DLY and LCB weaned piglets in IVE and
ELE groups were significantly increased ( P<0.05) , but urea nitrogen content in serum in IVE and ELE groups
was significantly decreased ( P<0.05). 2) Compared with control group, total protein content in serum of
DLY and LCB weaned piglets in IVE group was significantly increased ( P<0.05) , and peripheral blood lym-
phocyte proliferation rate and immunoglobulin A (IgA) content in serum of DLY and LCB weaned piglets in
ELE group were significantly increased ( P<0.05). 3) Average daily feed intake ( ADFI) , the ratio of feed to
gain (F/G), spleen index, and serum urea nitrogen, low density lipoprotein ( LDL ), immunoglobulin M
(IgM) , immunoglobulin G (IgG) and malondialdehyde (MDA) (48 h) contents of LCB weaned piglets
were significantly higher than those of DLY weaned piglet ( P<0.05), while ADG, serum high density lipo-
protein ( HDL) content, glutathione peroxidase ( GSH-Px) activity (24 h) of longissimus dorsi muscle and
mRNA relative expression level of GPx4 of duodenum and jejunum were significantly lower than those of DLY
weaned piglet ( P<0.05). 4) The interaction between piglets breeds and dietary additive had significant effects
on ADG, ADFI, F/G and IgM contents in serum of weaned piglets ( P<0.05). In conclusion, dietary IVE
and ELE can increase antioxidant capacity and immune function of weaned piglets. The antioxidant and immune
effects of IVE and ELE on DLY and LCB weaned piglets are different, self-immunity of LCB weaned piglets
is better than that of DLY weaned piglets, while growth performance and antioxidant capacity of longissimus
dorsi muscle, duodenum and jejunum are the opposite. [ Chinese Journal of Animal Nutrition, 2019, 31
(10) :4717-4728 ]

Key words: [llicium verum extracts; Eucommia ulmoides leaves extracts; weaned piglets; immune function;

antioxidant capacity
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