BB ESR 2015,46(12) :2206-2217

Acta Veterinaria et Zootechnica Sinica

doi: 10. 11843/]. issn. 0366-6964. 2015. 12, 012

AEKFAKEBXNEREE RFEETERE.
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B OE: AR S AR AR AKCE LR B (LF) XHE & R W75 A 7t 6E I 38 Ok 3 A BIL A BT 0 fe ) 1 5%
M, 3EF A%y (282)d. IRy (6. 56 420, 75) kg 19 filt FE ELC 2 R W AF 4% 240 3k BEMLAY 8 5 A0 3, 4
ANGEHR A8 K, 6 ANEE L EBAER 8 KM 4 AR R EL Rl R R OO BRAD , FERRIR 4125 mg « kg ' ZLPE A B
M+250 mg « kg ' FLBRE A SEAR 4500 mg » kg ' FLBRE A FIHIA R A (50 mg » kg ' RHER) T 42 d.
IR 50 25 A A A AL B R A A AL 4 Sk B Ab B L 24 S AT R W IR R TR I 43 S I S A I a3 e 8
BN G IeG) . —F AR (NO) & &, FLER B A W (LDHD . — E AL & & W (NOS) ¥ 1 B (LSZ) I 1 & Mgk 45 &
JI(TIBC) , AN HAEE B 1 LA 38 6 Sk 4.0 JIF B LUK I 4% W 3% (Hepeidin) (B B 1 1 (pBD-
D BB ZE 2(pBD-2) F1 B Fi 2 3(pBD-3) F A mRNA #Xf R ikt . 45K F W 1250 mg « kg ' FLEE AW )
PR R HIEE  HREE B &S T X B4R Z 41 (P<C0. 05) , 0 5 BRI V5 3 ) 5 3% 1% T %o I 4 g 2
F 4 (P<<0.05)32) 250 mg « kg "ZHHY 1gG A1l NO R 355 F X BZH (P<C0. 05) , TIBC #) b 3 i T 0 4= 5 41 Fnx I]
41 (P<C0.01);250 mg « kg ' HABEAL T =480 V/C.5BRERKE.V/C.RBHEEKE . V/CREEF R TH AL
F YR IR (P<C0.01),250 mg » kg™ FL&k R (A 41 17 iy Bess R B A%t 22 MK F X IR (P<C0. 01) 5 215 3% . 1gG
NO.LSZ. I =B RaERE T R ERE/RERE AR E ShREREME B ERIE/ R
B 3Lk B TR KT 2 Tk il 8 A8 4K (P<C0. 05) 53)250 mg » kg ' FLRE [ 4L B2 T B AR AR 2 A1
WATF RGO JF 8 Hepeidin mRNA [ 32355 (P<<0.01),125 mg « kg ' FL4 R (41 15 25 & T % N8 41 A 26 22 40 bt
WATIE I Hepeidin mRNA ff) ik (P<C0. 05) . J)F Hepcidin mRNA 3 ik 2 4% B 2 09 /& T .0 i (P<<0. 01)
250 mg + kg ' FLERER (1410 Y pBD-1 mRNA {35 /0 W 2 5 T H A4 (P<<0. 01 s JIF ) pBD-2 mRNA %
K i S Y O B (P<C0. 05, P<C0. 0 s iR iS4 250 mg « kg™ "B, O I pBD-3 mRNAR) ik
R R T I (P<C0. 01D o &5 JEERR AR Hh 78 I 2Lk AR T B I o LG S R AT Y A 7 M R 5 B0 Il
TH = S BN TE S % 5 B8 30 1 1 S ML & R AT M 1.0 JF R Hepeidin fl pBD-1,pBD-2, pBD-3 JE[H
Fik L I RAT B PORBE T s EA I R T L8 B A e LTS R F NGB S E S B Rl &8 0,
TR R AT 4 H OB ZL0 R A9 38 B N i 250~300 mg « kg™ ',
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Abstract: This experiment was conducted to investigate the effects of different levels of lactoferrin
(LF) on growth performance, intestinal protection and the body resistance to disease of Diansa
weaning piglets. Two hundred and forty healthy Diansa weaning piglets, (2842) days of age with
(6.56=+0.75) kg of average body weight, were allocated randomly to 5 groups,48 for each group,
and each had 6 replicates with 8 piglets per replicate. They were fed with basal diet (control
group) , basal diet + 125 mg « kg ' LF, basal diet + 250 mg « kg ' LF, basal diet + 500
mg « kg™! LF and antibiotics positive group(50 mg * kg™' terramycin) , respectively. The trial pe-
riod lasted 42 d. At the end, 24 piglets, with 4 piglets in each replicate per each group,were select-
ed,and the test piglets were collected blood from precava, then serum were separated. The IgG
and NO content, LDH,NOS and LSZ activity and TIBC of serum were detected. Six piglets,1 pig-
let in each replicate per each group,were slaughtered. The heart,liver and spleen were collected to
detect Hepcidin and B defense 1 (pBD-1), 3 defense 2 (pBD-2) and B defense 3 (pBD-3) genes
mRNA expression. The results showed that: 1) The final weight, ADG and ADFI of 250
mg * kg™! LF group were significantly higher than those of control group and terramycin group
(P<C0.05) ,feed conversion and diarrhea rate were significantly lower than those of control group
and terramycin group(P<C0. 05). 2) IgG levels,NO content of 250 mg * kg~ ' LF group were sig-
nificantly higher than those of control group(P<C0. 05), TIBC of 250 mg « kg™ LF group were
extremely significantly higher than those of control group and terramycin group(P<C0.01). V/C
of duodenum,villus height and V/C of jejunum,villus height and V/C of ileum in 250 mg * kg™*
LF group were extremely significantly higher than those in control group and terramycin group
(P<C0.01), crypt depth of ileum in 250 mg « kg ' LF group were extremely significantly lower
than those in control group(P<C0. 01). Results showed that diarrhea rate, IgG, NO, LLSZ, crypt
depth of duodenum,V/C of duodenum, villus height of jejunum,crypt depth of jejunum, V/C of
jejunum increased with a quadratic curve by the LF adding levels(P<C0.05);3) Hepcidin mRNA
expression in heart and liver of piglets in 250 mg « kg ' LF group were extremely significantly
higher than those of control group and terramycin group(P<C0.01). Hepcidin mRNA expression
in liver in 125 mg « kg ' LF group were significantly higher than those of control group and terra-
mycin group(P < 0. 05). The Hepcidin mRNA expression in liver was extremely significantly
higher than that in the heart and spleen(P<C0. 01). The pBD-1 mRNA expression in the heart
and spleen in 250 mg « kg 'LF group were extremely significantly higher than those of the other
groups(P<C0. 01). The pBD-2 mRNA expression in liver was significantly or extremely signifi-
cant higher than those in heart and the spleen(P<C0. 05, P<C0. 01). When the adding level was
250 mg * kg™', the pBD-3 mRNA expression in heart and spleen were extremely significantly
higher than the other groups(P<C0. 01). Results suggest that adding LF in the diet can obviously
improve the growth performance,serum immunological parameters and small intestinal morpholo-
gy of Diansa weaning piglets, and enhance piglets disease resistance through inducing genes ex-
pression of Hepcidin, pBD-1, pBD-2, pBD-3 in heart,liver and spleen of Diansa weaning piglets.
In this experimental conditions,based on quadratic curve results of growth performance, serum im-
munological and small intestinal morphology parameters, the adequate amount of LF in Diansa weaning
piglets diet was 250-300 mg « kg™ '.

Key words: Diansa weaning piglets; lactoferrin; immunological parameters; small intestinal mor-

phology; Hepcidin; 3 defense
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AT 5 o TC 8 A O BRI S ALK #2577 AR o Wik 42 d,

FURNEL s S SN B R S I SR A T A S . AR
s I F BT AR 28 803 A 4 A R R 2B 7 1 B i 51 2 Y
PUAE R 25 VRS P iR N R 25 5 B 2 51k T AT
A AL . IR RN BT R s o g S BT AR
RN A LBETS 52 = s W) G i ) T H AT DL sk A
PrAE R g iy B . FLER 2 — Fh 2 I RE M
F1 B B R A IR R g £ kAl AR
KAEMERS . EMAEE B R P S 0. 1252 #l
0. 25 04 M FLER 25 11 Al Wl 35 ml i tk 35 42 5 AL KR T
PR B K PMAP-37 JEP ) % 365 . Y. Wang 5§
KB AFHE HOAR RS I FL gk B B n] DR R R e
P PERU A W £ Ik PR-39 & Y #2355, S K
P2 NI PO S i E R A AR R . R
oAU Z — ) RGP E YR 70 I i A catheli-
cidins FI/NHES F Z K. i & K defensins, H H -
defensin ¥4 i — 4 H7 & 9L & % b 20 BR 19 Bt 74 A
B3N F N B, 521 B-delensin & & 4E
W 7L 3h ) A0 2 b R 4 SR A R B
Hepcidin J&—F B A7 1% 4% W 40 5 AF HT A9 470 18 K
HAF 25 ANESEIR . BB A A B L 7E AN
HAWHT R R —HES 518 TR R . H R NS
KT FLGAR NS W A1 A 60 2B R R R G i
AWFFEAE R T LA 0 U G R A R
PR RE AT BE ) RO DT T DL HGE . B S s
A HTT G R A Bl TR T R S A A R R AL R
th o EA B I 5 R A | BB R | TR T A 4 Ry
OB A EZR B EHWRRY 4%,

A B TE R FEA R K- FLER A O A&
FAFHE R R PERE S MG S = S8 O I IR 2
Hepcidin 5 f-defensin mRNA FTikE R Z0, §
e R FLER A PR S BRI T 3 A 4 o A 388 At i
FE RN S Bt S g AR 2 A

1 #MRl5F&E
1.1 gt

Ve H R (28 £ 2)d, E K F K (6. 56 +
0. 75) kg 1 {a FE B HUAC 2 R W 3 4756 240 k. 5%
BEHLST M 5 AL FE, BB BE 48 k.6 AN EE A
FHA 8 3k W55 43 ) i Wl )RR Oxt R AL S Atk
Tk 4125 mg « kg ' FLEH H . HE A AR+ 250
mg « kg 'FLERE T BRI 500 mg - kg ' FLEK
P MPLE ZBHMH (50 mg « kg ' FEZR) XK

1.2 {AMREH IEFEE

Z M NRC(2012) 375 F7 il 2 4 17 ft i i) 2 il
A, LF ¥ .3 0 LE(DMV international Co. ),
PAFLA 9050 0 SOk R P R 21 32 MR 2L b o 1 Al Ak
FLBREN. JAREASHC AT R 9500, HALYE
H KB D& 43 5 2 125,250 1 500 mg « kg™ ',
Lt 4] KR 2H A IR K R 1

®1 EMERREFRKFE(RTEAM)

Tablel Composition and nutrient levels of basal diets(air-dry

basis) %
i H Item % & Content
H #3246 i, Composition
&4k £ K Extruded corn 56. 90
1k K & Extruded soybean 20. 00
K5 K1 Soybean meal 12.00
FLiE# Dried whey 2. 00
/NFZ Ek Wheat bran 5. 00
L-# R Eh i £ L-Lys « HCI 0. 10
TRkl Premix” 4. 00
41t Total 100. 00
327K ¥ Nutrient level
HAIkEE/(M] « kg™ ') DE” 14.78
ML A T CP 18. 30
A Lys 1.31
HAMR Met 0.62
&R Thr 0.70
&R Trp 0.21
S EMR Tle 0. 69
15 Ca 0. 84
S TP 0.55
A BB AP 0.34

VBRSO AT SRR 4 VA 18 000 TU, VD, 3 400 1U,
VE 32 mg, VK 4 mg, 4% 0. 32 mg, MR 1. 6 mg, VC 304
mg, fH#H 0. 5 mg,Cu 7 mg, Fe 102 mg, Zn 103. 5 mg, Mn
6. 36 mg,10.144 mg,Co 0. 32 mg,Se 0. 32 mg.”. DE Jyi}
FAE AR S S2E

Y. The premix provided the following per kg of diets: VA
18 000 TU, VD, 3 400 TU, VE 32 mg, VK 4 mg. biotin 0. 32
mg, folic acid 1. 6 mg, VC 304 mg,choline 0. 5 mg,Cu 7 mg,
Fe 102 mg,Zn 103. 5 mg,Mn 6. 36 mg,1 0. 144 mg,Co 0. 32
mg,Se 0. 32 mg.”. DE was a calculated value and others

were measured VaerS
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1.3 MELIRSHE

13,1 EREgEmE gl 87
WAEERE IR ENF YA E P A RE
HORERAEER.

1.3.2 miEmmEsHmmeE KR Rt 15
S IERRE A AT R 4 3k A4
FRIL 24 S AFHE L 20 0 KR I 10 mlL, ) £ I
. MERERRER GONO & & . 7L I & i
(LDH) \ — S8 LA & B . 7 1 Bl (LZMD 3 P Ak
254 71(TIBO) ., Huye sk 1 G & & R H ey ph i
HEGE, —RALE A — AL A A B L LDH 7
PEFN TIBC, R A G835 0 &  LZM {6 1 i F A8
Pl vk 3700 G 35 H P ot R ) R A T AR AL
2 BEL B A 170 5

1.3.3 /NBEREHNE B E. £+
el 2= A g v B B B 1 em A 2UFE AR5
R it 4 R 2 20 SR AT AR 3 AR SR U
SRIGTE 100 F5 0658 N FA AL R & 20 MK 4

x2 ZIHHNAXEE PCR3Y
Table 2 Primers for real-time PCR

P g B A 7 ) ot R B 2 BROBR D A5 1 O ik
PEAT AL BEFTIL SN I 3527 22 AL
1.3.4 AFRAH Y Hepeidin, pBD-1. pBD-2, pBD-3
mRNA X 2R3k 5 A6 B P AT
J&SE 1 SRATHE A AL AL 6 3k IR EURAE O LR
3L, —80 CH %, FH TH M Hepcidin, pBD-
1. pBD-2 . pBD-3 mRNA [/ fH %} 33k & .
1.3.5 ZEmta )t E & PCR AR K Real-Time
qPCR % F] Eva Green | J¢ ¥l 3, & W 7F Bio-Rad
CFX96™ Real-Time PCR Systems | #471. MBI
Jo i e 4f i) aRT-PCR 20 55 15 A 28 B3 A s
mdEAT PG, qRT-PCR J W1k &R 4 20 pL: Sso-
Fast™ EvaGreen® Supermix 10 L, BS99 (10
pmol « L™ 1 L, cDNA Bify 2 L, K £
FIKE 20 uL,

FEH 5 Y% it % F Primer Express Software
(PE Applied Biosystems, CA), 4 8| % % % U
%= 2,

SR (53D

Primer sequence

H A2k N

Target gene

1Bkt g /°C

Annealing temperature

FEPIR N/ bp

Product size

F.: TCTGGCACCACACCTTCT

WLENEE E1 Bactin

R: TGATCTGGGTCATCTTCTCAC

F: TCCGTTCTCCCATCCCAGAC
R:GCAGCACATCCCACAGATTG
F:ACCGCCTCCTCCTTGTAT

P ZE Hepcidin

¥ B 1 pBD-1

R:GGTGCCGATCTGTTTCAT

F.CCTGCTTACGGGTCTTG
R: TCTGCTGTGGCTTCTGG
F:GAAGTCTACAGAAGCCAAAT

¥ BB R 2 pBD-2

5% BB E 3 pBD-3

114 57
171 54
146 54
166 59
102 55

R:GGTAACAAATAGCACCATAA

1.4 BIEXEBEESWN

i AL Hepeidin, pBD-1, pBD-2. pBD-3
mRNA F ik &R factin NS FEH, &%
pBD-3 7 I Hoxd B A9 A X Rk i o 1L A X 5t
FE TR IR M. WL Plaffl™™ (9 )5 301 8. Br
B R Excel #4748 B, 2R il SPSS 17. 0 ¢
TR AT B B B R Ty 25 4 A R 0 4 ()
FMELRIGHITARE RZE LK, SR8 E
PRUE2E7FoR . WA PR RE IR S 8 N B & 2
SRS HOR LB A P8 g 2R AT R EE Ay

s

2 & B
2.1 ABEAMEREERFEESHENTT
FLEREE BG83 AT 48 A2 ™ P B 5 i 1118
e R 3, R3NP RAMIABEN
HAFREAR i T B2 Horp 250 mg « kg "H AR
Fhm. BEE T HMA (P<<0.05); HHH 250
mg « kg 'Y S T H AN (P<<0. 05) ; ALk
F4LM R B R Fhod Za fmxt g, 2
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250 mg * kg "4l 250 mg - kg AR E L A b IgG f R m T X R4 (P<C0. 05), 3
AR T H A 4H (P<<0. 053250 mg » kg "M IE 250 mg « kg "AH K 1gG &= FeE . 125 F 250
15 B AR, 22 5 8 3 (P<<0. 05) mg « kg A NO & & ¥ 0 3% & T4 B (P<
2.2 IEEAMEHNEBEERFEOLERESHM 0.01), FLERE A4l % B4l 5 b4 F 409 1 v
£ IR LDH & I # 2% % (P >0. 05), H 125 5 500

HiZe 4 Al DI L FLBREE AR BT 3P B T me - ke FLEK & A W & T 4L, i 250
H1gG & ONO F i  LZM PR A TIBC M/ T mg -« kg "FLBREAAMPLAE KA MG LDH AT
XA P FL SR E B A LZM 3SR TIBC 4% T4, FLgE a4l 0 A Myt A= R4l Z 18 1

i B T R4 (P<<0. 01),250 f1 500 mg * kg™ NOS 76 i & 22 5 (P>0. 05) .

R3 ASEOMNERBEERFRESERHZN

Table 3 Effects of LF on growth performance of Diansa weaning piglets

FLERE AR MAKF/ (mg « kg™

+HE/ (mg - kg D)

Th i HE 4]
tH AR LF supplemental level Terramycin
Ttem Control group

125 250 500 50
¥ /kg Initial weight 6.43+0. 75" 6.45=+0. 80" 6.8240. 69° 6.64=+0. 66° 6.48=+0. 89"
K # /kg Final weight 19.65+1.11° 19. 9840, 97" 22.4240. 95" 20.83+1.19" 20.47+0.92°
H#tE/(g+d ') ADG 314.76£17.18° 322.14414.28™ 371.42+21.26* 337.854+22.14> 330.10419. 85"

HREE/(g+d ') ADFI 569.724+26.41° 576.63425.32" 623.98+19.26" 591.24+27,15"

574.37+13. 14"

BEW G: F 1.81+0. 06° 1.7940. 02" 1.68+0.03" 1.7540.02" 1.7440. 04"
JETE % /% Diarrhea rate 8.02+0.97° 5.4141.02° 3.65+0.61° 5.18+0. 64" 5.18+0. 64"
R AT 8 A RN F R R 22 57 B3 (P<<0. 05) . ANF KR E 3R R 22 5 B % (P<<0.01), T &R

In the same raw,values with different small letters mean significant difference( P<0. 05) ,and with different capital letters mean

extremely significant difference(P<C0. 01). The same as below

x4 ASEBANERERERFENERRSHMODEENIERNZN

Table 4 Effects of LF on serum immunological parameters and biochemical indice of Diansa weaning piglets

FREABMAKFE/(mg - kg D

1THE/(mg+ kgD

Tfi i
i H Rl LF supplemental level Terramycin
Item Control group
125 250 500 50

REEHREN G/ (g L7H
IgG 13.5140. 494 13.6940. 174 14.1740. 194 14.01+0. 214 13.9740. 262
g
RN/ (U mL ") '
LM 386.67+£16.26™ 592.00410. 95 620.00426.51* 600.00+20.91* 665. 00427, 25"
FLIRI A/ / (U - LY
LDH 8 151.29470. 33" 8 156. 834 67. 20" 8 096. 12462. 09" 8 289. 974+80. 51" 8 117. 16+89. 56
— %A A&/ (pmol « L") . 3 ’
NO ' 33.50-2.59%  47.0542.55  46.2043.00°  40.0041.00*" 44,0941, 13"

A : -1
LA A/ (U - mL )
NOS o 36.95 £2.58 35. 18+ 1. 60" 36.38 +2.47%  34.97 £3.36%  37.09 +£2.49M

BERE A 1/ (umol « L)
TIBC

100.66+0.58%  115.67+3.21" 124.5941.56%  126.57+1.40™

99.5041. 29
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2.3 IAHEAMEHEERFENNIESENZNE

H1Z% 5 TAL - R E R 250 mg « kg
Hf i MRS L 250 mg « kg "4 AY A%, HLAK
BRI/ s R 2 s T A 2 (P<<0. 01) 5 %8
MBS KL 250 mg « kg AR 3 T LA A
(P<20.01) %% 2H 2 [a] 19 s 8 TR~ 2 G A 25 1k 22 5 HL

®5 ABEAMNERRERFHIGESEHZM

250 mg + kg "4l E AR, B K E/ RS IR B 250
mg « kg "R E S T HAA (P<<0. 01 [m i 1Y
BB 250 A1 500 mg « kg AR W R T H A
H(P<<0.01), BB E 250 mg » kg ' 4H &K, 4%
BRE/ RS R 250 mg « kg "R RS T HAL
4H(P<<0.01),

Table S5 Effects of LF on small intestinal morphology of Diansa weaning piglets

it H Xof i 24

Ttem Control group

HAREABMAKFE/(mg - kg D

THE/(mg ke D

LF supplemental level Terramycin

125

250 500 50

HEKE/pm
Villus height

223.334-26.03

230.334-24.13

253.00422. 06 227.00+28. 21 235.60+23. 81

T+ =48 B TR/ pm
" e 118.334+13.65  109.33--18.72  102.25+16.34  107.254+11.27  106.20-+12.40
Duodenum Crypt depth
HERKE/RSE . . .
S 1.8940, 14% 2.09+0, 16" 2. 4740, 10% 2. 1140, 09" 2.2240, 07"
W V/C
WEKE/pm . .
it 172.6742.31%  202.80-6.22%  230.00-£2.00™ 180.67-44.62% 192.67+5. 035
Villus height
=W [ 88 IR % / pm
- R 138.674+14.05 133.0010.89  127.33410.07  145.55+6.25  127.3343.06
Jejunum Crypt depth
HERKE/RE . .
S 1.2140,03% 1.5440, 02" 1.8540, 05 1.2740.03% 1.49-+0. 02™
W V/C
WEKE/pm
o 185.33+10. 07" 184.00+17.78%™ 223.33+7.57*  208.80+5.76* 180.00+4. 32%
Villus height
5] 7 [ 88 R/ pm
PRI 199 67411, 02 120,507, 00" 104, 67-£4. 16™ 108, 8044, 8238 112, 008, 7Abbe
Ileum Crypt depth
HEKE/ RS . . .
-~ 1. 4940, 02% 1.5140. 03% 2.1640. 05 1. 8740, 07% 1.59-0. 01

W V/C

2.4 ASEAWNEREERFEES R . LF
BEH NGRS FNRAEESRBER

i 6 R, W W AT A T 5L IV Hh S R R
HG.—fAMA & &, LZM {1 TIBC, + 45 i
EBIRE T HEBRERE/ RERE . SR ER
JE RS IRE MM EKE/ RS R ER LF
UK F 1 4 e B it 2k A2 Ak (P<<0. 05)
2.5 FIHEBMNERLRERFEALR Hepcidin
mRNA 3R ik £ 1% g

FLEE R E X R B R A O TR
Hepcidin mRNA FiEMZ 25 5 LK 1, o,
IRy 250 mg » kg B FRIK R m 28 R

(P<<0.01),125 F1 500 mg « kg '"HFELBER T E
X B (P<<0. 01) o FEJF . 3 AU IoKF- i 2%
Ik A 2 R T B A R FE 4L (P<<0. 0D,
BE LAk B IS B B3N Hepeidin ik 2 LI
P YN 250 mg « kg B, Hepeidin ik i
R E R B (P<<0.01), b5 AL, e,
BEFL R S M BN, Hepeidin 23k 8 I
P MU NG 125 mg « kg I, Hepeidin (323K
HEE.ERREE(P<0.0D) M5 RHIK. HidEZ
Yl T A, 22 RA B3 (P>0.05),

PiAE R A0 A 2N R 35 A R AL T IR
(P<C0. 01), 1fj 7£ JIF F0 B4 o TG W 35 ¥ 22 % (P >



2212 oo E ¥R 46 £

0.05), FFAH M AT LM FkEWEENETO P2 (P>0.05),
AR (P<<0. 0D . MOAHLAMEXIES MY LT FH

x6 ASEBAKESFREES .M BRESYMNGREFHN _RATEERBER
Table 6 Quadratice equations and results of LF on growth performance,serum immunological parameters and small intestinal mor-

phology of piglets

i | TR AEH/(mg » kg™ D)
Item Quadratic equation LF
1 15 # Diarrhea rate y=0.000 04x* —0.028 3x+8.084 1(R*=0.995 0,r=0.997 5) 353.75
HERE A IgG y=—0.000 005x*+0.003 7x+13.455(R*=0.862 2,r=0.928 5) 370. 00
BHE 1L.SZ y=—0.002 4x*+1.572 6x+399. 11(R*=0. 947 3,r=0.973 2) 327.63
— &ML A NO y=—0.000 2x*40.099 9x+34.555(R*=0.885 6,r=0.941 1) 249.75
T A8 W b VR ‘
: - y=0.000 2x* — 0.102 6x +118. 7(R*=0.987 9,r=0.993 9) 256. 50
Duodenum crypt depth
TR B E KT/ RS R ) ) _
y=—0.000 006x* 4 0.003 7x+1. 844 7(R*=0.856 7,r=0.925 6) 308. 33
Duodenum V/C
T EKE ) 2 =
_ , _ y=—0.000 8x’ = 0.415x +170. 08(R*=0. 958 6,7r=0.979 0) 259. 38
Jejunum villus height
2 W b VR , )
) y=0.000 2x* — 0.095 9x+139. 48(R*=0.956 5,r=0.978 0) 239.75
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The different upper and lower case letters indicate significant differences or highly significant difference between dif-
ferent groups in the same tissue(P<0.01,P<C0.05). % % . Indicate extremely significant difference between different
tissues in the same group(P<C0. 01); * . Indicate significant difference between different tissues in the same group
(P<C0.05). The same as below
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Fig. 1 Expression trend of Hepcidin in Diansa weaning piglets
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Fig. 2 Expression trend of pBD-1 in Diansa weaning piglets

2.6.2 FLEEAXEMEE RITFHAL pBD-2
mRNA £k & 1) 5% B & 3 AT DL Y 7RO
WL BEE FLERE AW N, pBD-2 (h ik & 2 T
BN Ry 125 mg » kg B pBD-2 [ £ ik
I e - B S PRI, 500 mg -« kg A A BRI
e B L B RN, pBD-2 1) 3Rk it &
TR YN 125 mg « kg B, pBD-2 1)
FE R L3 DI R R IR R T R AL
HOY AR ey 125 F1 250 mg « kg AR W T
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2.6.3  FLERE X E ML E RAFHAH L pBD-3
mRNA ik i 1 5% 1 Hi 4 AT LU Y 7E O
LEEE LB E AR . PBD-3 iRk E R T
EFHG BN 250 mg « kg "B, pBD-3 1K

NORZ L S

B . NS FLER R B A3 M 2 35 v T X I A
(P<<0.01). FEMH . FiAE R 419 Kk i k. 5 X

M 22 5% A W3 (P>0.05),

HAZI], 500 mg « kg ", AL pBD-3
(1) 2R 38 1 43 ) I 2 Bk S 3 e 0 AT (P <0, 05,
P<C0.01), i O 1Y & 38 it A B 3 8 T IF 4180 (P <<
0.0, BR7T 500 mg * kg "HAob, W ELHAWE
KR S TR (P<<0. 01), B A8 TG B
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3.1 ASEAMEMRERFBETERNTZN
Y. Wang %5 & 3, H AR 75 i FL 8k 8 1 R 08

5 W A7 0 B R T RORLEE ERT 5 SR LAE & BV

FLEREE 1 RE S BRAR T D7 6 M V5 &, Z. Tang

SEAE U BT 5 A7 HOR RO AR 2Lk B AT AR IR

lactoferampin 5 lactoferricin, H ¥4 5 b %f BE 2H 32 =

21%, HAe R b fr s s a2 . AR5 R
i 250 1500 mg « kg ' 19 FL AR B (1 RE 05 1 = AT 0
) H 3G IF AR R P A IR TE %, X 5 LA
AT AE R A —F
3.2 IHEAMEHEERFELERESHNTIE
IgG EHANEZ M AEREAZ—. S 5K
WARPENL . X, S. Tang SF7EAF 5 H ML A 35 i 2L 2k
B M EA 2 KRR 4 S A7 R 1y 1eG & &Y,
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AR I H 250 A 500 mg » kg '41HY [gG A R
TR XS ERTR IR BB RA S 3
MFLBRE AT E 2 U FLE A T Bl
W A7 0 % O o TR I LA T TR AR T R AR
R R R R A E el s B N W e 7 7 - = e
@RI N R X YN Ko = K7t =T N
TRE) e RE Ty . RAGE , HR P i zLgE AR
R v P B S TR S T AR P R
RAMBRE M BRE T 3 A FLgEad. HE
SR X RN FLAR R TR R i I VS R RS )
Jm AR E RO . LDH 7E H bR FJEH
R VA 40 H A 4  R I R AR B AR T AN
LUEE P BT Al M 405 0 & A B A PR LR
FEFET A MIAh . A5 LA Z | ) LDH Tt &
2 S AR BN FLBR AR R TS N T A 5 e
PR B IE M AE . NO J2& L-Arg 75— L&
A VR TR A I P R AN A A Tk R
NO Z: 51845 U 0 5 5 P A TR S g g . A iR 3
L3 AN FLBRE A NO B 53 50 3 1) = T 4 R
A ALE PR FLAE AT B LR A S gL Ak
RO FHAERMACE . NOSH 3 R A, s
2R (nNOS) 755 M GNOS) Fl A JZ B (eNOS) ,
Horp iNOS A6 AE B NO 82, H K 78 E
T 00T S INOS BEH I A R Gk B AE 52 3 R A 5 A
AP BE R IES T W Rk AR a5 R %
B NOS JC i %t 25 5, vl g i th TR E A R A
T INOS £ik . TIBC 2 B 22 13 H /9 5% 2k B
AR R RE T, IRl I R LV SRR R A i
FE H K R INAS [R) /K P L4 2R 11 2 BB A% 45 i S0 U i
R EBREE 5 J0, Horb 800 mg « kg TAYER MK -
Frm TR AR, AL E A4 TIBC i
BERTMBAMPE RN, X5 B RIEA—
.
3.3 AKEAMNEMEERFREIBESENR
1]

i 3 2 o T L N T AL AR T AL TE N R R
TE A2 #E 7 53 WO B B 1k ek s 20 58 v 18 9 Dot 18 2 A
o7 B A EEAEM . AR/ SRR R R R
A & N 7R N NS YT A R R (AN
R TE B L LR T RR RS /N 90 E S BRARER
BIRIE . Y. Wang 55 & B, 7€ W 0947 4% 19 H R b i
IELER AR B RE 0% B 35 4 = /N b B 9B K L
AR L B s R B (15, 30%,9. 60% , P<C0. 05);

A. Blais % % 3, B I FL 88 B RE 05 12 = /D R =
A ERE" . AR ,250 mg « kg ' FLEEN
Huetpie s T2 = mm R ERKE, A
FEMRRR s R 3R T OB K S5 s R Y LU .
X5 LR R0

3.4 AHEAWNERBRERTEAL Hepcidin B
[l 5= 1% 1Y % i

2000 4F 43 53 N 1 I 2% 0 DR WK 53 85 3K 4% Hep-
cidin, Hepcidin & —Ff 3 2 7E M & 2R F R B W
(R O RN AR T N N R Rl NG T S
(Defensin) 2 [ 5 16, 57 2 & & ¢ Db &R 1) bt &
JIRZEABL s Hepeidin [a] 4% B A 471 22 Fl 1018 140 187 <5 175
7,

T. Ganz W35 3£ B, Hepcidin FZ /T F 5 5,
X5 A 5 5 o I A Rk B AR W TR0 SR
— . Hepeidin 32 IfiL 35 A1 F A 2k G v B Fn 21
I BRAE B X 2k B 75 5K 98 45, G. Nicolas 4§ & B
Hepcidin #1071y iz % % 1 W W50 £ 28 26 78 AR
B 240 B i) i BR 2 k2o 7 SR B, Hepeidin 8375 5
Fe K T e 0 P R B W JE R & B Hepei-
din 20 A% PE 3 3K BE 30 1 2% 19 48 A . e AR R
PLOFLBE R S g & T A Hepeidin (1)
Fk UM ZLER B CE A RIS S THUE AR Hepei-
din 5. ALK H.250 mg « ke "FLBREAH
W 3 A7 4 B 03 H Tg GO T i 34 45 v 1 W AE O
KPR FLBE BT WA R 0 S 1S
BT AEA P 250 mg -+ ke Y R KK P R
13X 5 IV e S R0 e — B0 .

3.5 AHEAXEHMEE RIFIE pdefensin BEEH
E3ey b A

Defensin Z¢ & B 5T B K12 43 A 75 15 22 Wi 7L 3
Y B AR RN . Defensins AJ #F— 45 43 b 241 A%
RUFN 5 TR0, 4 R 1 By 480 2R A 48 AN JER 2% 9 [ 1
eIk f PR R AR T 5 5 B AR AR B IR e I [R)
K4 N, pBD-1, pBD-3 J& F 41 Al AT
pBD-2 & F B pBD-1 [z M 4y A 7 4 4 21
BRI Y . pBD-1 S AE 4 i R G
[ 2P M RE AZ BT REHSIREZHET
PE I J7 B-defensins {2 SR )T 91 5k P 4L 2544 L 3%
AL AR AR R P 7E D R R 250
mg « kg 'FLEREHAN pBD-1 RiFEM B E S T
HAbAH  FEFrh R gk B A ny Rk m I 2 1S
TR BT A R A R LG E B 0 g ik 1
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PBD-1 JE R ) &35 5 1 78 O L BF ARG ep R TR) A 26 8
BHRATREY pBD-1 M RIEH K, F5 BB
T R-BIER 2 KA L AP-1 B NF-«B 9 /EH
BORGE i R 0 % SR B 0 0 o 1Y 2 4~ NF-xB
PSRBT b T . FERF .3 LR
FI2H 1) 283k B 1 1 o e 2w T BR AL, A BL R
HAMRIMAEHE S S pBD-2 BEFR B RE . O
125 mg » kg "MK FEAH R H 250 mg - kg "B
TN K4 35 3% 1K B 1 » o0 L v 0 36 0k 0 0T RE O R
HEZABEAWE S, XFRIGEHTREHT
FLEREE B P A A LA & B T NF-xB [+, NF-«xB
PR 1 kg 22 A4~ R 1% o 30 i 1 81 42 - B 0 4 o ik
Wik, NS pBD-2 HH £k, ALK
T, Bk 500 mg - kg ' 4LAh, pBD-3 R0 1 Rk
TR . 3 AN K OF- 35 RE A . 2 48 = i R
o pBD-3 FEF M FRIE UL E A S s S T
IR0 R pBD-3 3k Y 3R k. T OAE O 250
mg « kg SIS BR 2 TN R ) Rk L
STRHEMEL,

4 & ®
4.1 TR AN I E K F LR SR E AT U e

AL E RAF A 7 PE e, W3 RT3 I8 TS 22
LR R RR LV S BOR N A T8 45 2 ok i 4k 4
R A Z T FLBR A A & ELS N A 250~
300 mg » kg™ ',

4.2 R AN AL Bk AR B AT R R L P 1gG L NO
SR L LZM G R A TIBC, 75— & B2 ik 3% LDH
1 5 FLER AR R A% Bl AP 48 /N R IR S A A
IRE .

4.3 FRRPHINALEE QS TEBE RAE
B 0. IRt Hepeidin 1 pBD-1, pBD-2,
pBD-35E K F 3k DT ek 38 HTws g
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