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FESHY) A 7= N R E, B fE A Licin B A
Cec P1 74 T LW U EL . ABESE B 158
BT BR K AT W )5 Licin B Fl Cec P1 X} Wi 3
PR AR B i TE AR 10 DX 2R I R T, A 47 IR A
EIE7/1e st D IVAE B/ S 7ok (=R

1 #MB5FZ%
1.1 R RER

e ] 28 H 4 1Y 7 1R K A sg AR B )
AL (7.18 £1.32) kg ]48 S, Hm R iy 18 [ K
AT S8 3RS A B O = AR I 3 A )

=1

KA NS E SRk W5 1, Licin B #il Cec P1 ¥ i
B2 1 mg/ L, o 4 R 0 A it
1.2 AR AFEERERRE

FR Y8 A T 5 ] PR K 48 Sk Wt 3 A 5% Rl AL
O34 A IR T R A [ A R B R
W % % ( enterotoxigenic Escherichia coli,
0149:K91:F4ac) ,ETEC #H ] \FL£k % 11 £ 4 ( Lfcin
B#) K&ERM(Cec P1 ), FH2 NELE, FH
HE 6 M, M 12 do I AEE 1.2 K (AP
a8 28 .29 Hg) 25, B ok,

ERHRIRAM R EFRKF

Table 1 Composition and nutrient levels of the basal diet

JE#l Ingredients 4 i Content/ %

# K- Nutrient levels”

4 Content

+37 ¥ Barley meal 30.00 T¥ )% DM/ (g/kg) 888.0
/NZE ¥y Wheat meal 29.70 MWHEH CP/(g/kg) 191.0
Wi ti Pea (44% starch) 5.00 K5y Ash/ (g/kg) 55.0
FLiE S H % Whey powder 8.00 M4k Crude fiber/ ( g/kg) 34.0
/INZ %k ¢ Wheat bran 2.50 Mg H; Crude fat/( g/kg) 50.0
e 4 K 5. Concentrated soybean 4.00 VEH) + P Starch + sugar/ ( g/kg) 455.0
FE K TEK Maize starch 4.00 i =R Lys/(g/kg) 12.5
1 GER (4iifk) Potato strach, purified 5.00 | iz AT 14 AL Hi 2 i2 Tleal digestible Lys/( g/kg) 11.0
K4 H Maize protein concentrates 2.20 EHA R Met/ (g/kg) 4
26K Sunflower meal 2.50 0] % ] JE AL B & R Tleal digestible Met/ ( g/kg) .0
% Limestone 1.02 EAMR + AR Met + Cys/(g/kg) .8
e AT S + 2 P
BHIRES CatiPO, 0.78 E:E?;rzg{slsigfeRMﬂ:t +4C:f§5/?gﬂfkg) 0.6
TiiR kL Premix" 0.40 AR Try/ (g/kg) 2.5
EA R Met (99% ) 0.11 Bz ] AL (%2 Tleal digeatiable Try/ (g/kg) 2.1
L5k L-Lys (79% ) 0.34 FERR Th/ (z/kg) 8.0
65 ik Try (99% ) 0.03 [l 7] EAL 772 8 Tleal digeatiable Thr/ ( g/kg) 6.5
2058 Thr (98% ) 0.03 45 Ca/(g/kg) 7.2
FEREE + K S Palm oil + soybean oil 3.10 JELf Total phosphorus/ ( g/kg) 6.1
4% Molasses 1.01 ] JH ki Digestible phosphorus/( g/kg) 3.7
£r4h NaCl 0.28 41 Na/(g2/kg) 2.5
41t Total 100. 00 B K/ (g/kg) 8.5
& Cl/(g/kg) 6.7
#il Cu/(mg/kg) 20.0
B Zn/(mg/kg) 90.0
HiE NE/(MI/kg) 10.0

D HE R R BT v A 444k Premix provided the following per kilogram of the diet: VA 1 750 TU, VD, 200 IU, VE 11 IU,
VC 11 IU,iZ & pantothenic acid 9 mg, {#HfR niacin 12.5 mg, VB, 4 mg, VK 10.5 mg, 4= ¥ & biotin 50 pg, VB, 15 ug, VB,
1.0 mg, VB, 1.5 mg, '-fig folic acid 0.3 mg,Fe 80 mg,Zn 54 mg,Mn 30 mg,Co 0.15 mg,10. 14 mg,Se 0. 25 mg, Hi FALH

antioxidant (E310, 320, 321) 50 mg,

2 B F K B {E , The nutrient levels were calculated values.
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K 08:00 F116:00 ML, 5 HIRIK, ic 74 Py te BBAH. BAFEAERE A 3 R, R e BT
LR AT AN ZEFE (PR Iy i KRR ZEME Ry 153K PIE

TRRLA 25 WAy 35 AR IR A oy 4) B TS 1% Ol
(ZEHRECh 1 ~2 846 1, HIRTE) FET- k4L, I
B RRE IHEEE RS HEE . R 1
K (28 HIE) ANREFNEI, LLJG B R AR R AL Hr ik
FERE, —20 CLRAF, Dh& DN 300 T4 o 2 S 4
It DNA

1.3 WHEAR

TEAFHE 29 H B 08:00, B3 XF BEZH 14155 b
ETEC 4 .Lfcin B 2 . Cec P1 #f (¥ 45 3k 471 & ] w2t
4.2 x10° CFU/mL ETEC,

AT ¥ 30 H B 06:00 JF i $2 fiL 1w B}, 75 45
ETEC ,Lfcin B ,Cec P1 fiW# 5.5 x10° CFU/mL f#]
ETEC 2 h J5(08:00) , F— U 1 5 %% 44 Lfcin B
A 0B R AT A B IR IR 2 mg Lfcin B, Cec P1 4111
B AP IR iR MR 2 mg Cec P,

1.4 H#Emoih
L.4.1 T4l e

FRICT g ik (9 2 T Bl e ~F- L, s A IR
HEAE,60 THE 24 h, SRJ5FF 105 THE3 h, TRl 4
Yy
1.4.2 DNA $ZHC MBI BAE b b 21

B 200 mg g2 e BN G A 4R AR Ui W]
HEAT 4 B & DNA 2 1, {# fi] 32 [ NanoDrop ®
ND —1000 DNA/RNA/ % [ i v BE Il 2 {1 DNA
W RE AR Ve 2 TR /N B A A 8, 45 B30 FU 157 T DNA
W RE U4 DNA FEAR 6 B, LA 20 ng/pl 43
%, T -20 CHAF. WAL~ A260/A230, 1
I DNA Jifg, —fi A260/A280 £ 1.6 ~1.8, %1
&t R O B AT DA R AR IS SR o R i o R
FH B 2B KRR A R SR G 25 A DNA F KRB 101 119
FE SR A5 T B A i o
1.4.3 B AEY X R E

AR B 5 % Niibel 2'° fil Felske 217 %
5l ¥, 514 S-D-Bact-0008 Fl Uni-1492-R i /E
PCR-16S rRNA ¥ ##  S-D-Bact-0968-GC Fil S-D-
Bact-1401 [/ PCR-DGGE ¥ #{ . |4 iy 3% [ In-
vitrogen A=) 8 w5 A, BB ALK R, —20 CHAAF .

JHl nested-PCR #££7 16S rRNA 338 $z BE 7 A
I 38 1 7 112072 BE 1T DGGE B4 12 i A H 9k K 5

1.5 ZitsHh

R 5515 2] (% &+ H] BioNumerics 5. 0 #4743
.88 J5 Fl Canoco 4. 57" 45 i 43 #r 15 3] ) %%
36, B LA {8 = b 22 %R, JF T Statistica
6.0 ( ANOVA HSD-test) #1722 5% B 243 H7 ,
P<0.05 H2EREFH,P<0.01 HEFWEE.,

2 & B
2.1 Lfcin B #1 Cec P1 X B i {F 3% ik E 1 F 14
HigE =

m 2 2 AT %0, % IR 40 ETEC 44 Lfcin B 41 f0l
Cec P1 AT IR HIME2Z R AN EE (P>
0.05) ., {HTEFFH% 29 ~30 H i .31 ~39 H
WP 32 1A K B AR B8 B BOR B % BRAL AT 45 DR R
B Y H 6 E, Cee P1 IR Z
2.2 Lfcin B 1 Cec P1 Xt 7 9147 3& i85 BU 52 i

%5 28 H Wi 3 B KW AT 1 )5 , Lfcin B
1 Cec P1 X148 16 15 149 5% i 43 31 WL 2% 3 (/&1 1 AN
4,

H 3% 3 AL, ETEC A7 M IR TE 2 w2 T3
gl (P <0.05) , i HAhdl Z [0 22 A (P >
0.05), ME 1 m] 41, Lfcin B, Cec P1 X248 %m0
AR E (P >0.05), WK 4 ATLEN, FEH#HTT
551 WIS, BMF4% 29 H i, ETEC 4 \Lfcin B
ZHF Cec Pl ZH AT M4 () ZE 8 T4 o 34 W 35 T F%
(P<0.05) , Ut BAS KB HEAT T B D 10 24 5 3
5. FEMEATES 2 BGH G A 2 K, BF5% 31 H
#% , Lfcin B 0 f1 Cec P1 41 BT 43 3 4 M T Lf-
cin B F Cec P1, HZE 5 4 iz & & JF 4 A Fir [nl
Tt B A4 i 2568 T 9 4% & 3% = T ETEC
ZH 0 Lfcin B 41(P <0.05) ,{fHE 5 Cec P1 4157
ARZE(P>0.05),

2.3 Lfcin B #0 Cec P1 XtWiiFHEMmERMENX R
EZ=duib-A |
2.3.1 PCR-16S rRNA §" i 2t 5

I B 2 A v B A TR A DNA 17 PCR-
16S rRNA f{] v6 ~ v8 [X PCR 414} 4 14 (1) PCR
PRI 1. 5% BB REEREC A I , 4 3 7= WK B
1484 bp( & 2) .
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%2 Lfcin B #1 Cec P1 Xt Hi i{F3E R EM T HIEEH #IT
Table 2 Effects of Lfcin B and Cec P1 on body weight and average daily gain of weaned piglets

it H Xt HE 2 ETEC 4] Lfcin B 4] Cec P1 41
Items Control group ETEC group Lfcin B group Cec P1 group
{7 Bodyweight/kg

28 H % 28 days of age 6.96 +1.37 7.22+1.08 7.10+1.66 7.30 +1.27
29 H#% 29 days of age 6.65+1.33 6.91 £1.05 6.83 £1.67 6.90 £1.27
39 Hi% 39 days of age 8.98 +1.57 8.61 £0.88 8.33£1.60 8.65+1.32
SEM H 4 E Average daily gain/g

29 ~30 H i 29 to 30 days of age 86.11 £7.24 73.33+£9.35 73.61 £14.17 79.17 £9.56
31 ~39 Hif% 31 to 39 days of age 230.46 +11.51 141.67 £4.27 168.52 +11.69 178.24 £8.17
28 ~39 H % 28 to 39 days of age 168.33 £8.29 102.08 +4. 34 115.97 £6. 77 125.59 £7.78

AT BAE R A NG FRERREFBE(P<0.05), £3 ME4 [,
In the same row, values with different small letter superscripts differ significantly ( P <0.05) , The same as Table 3 and
Table 4.

%3 Lfcin B #1 Cec P1 Xt & 347 ¥ BE 5 R H9 # 1
Table 3 Effects of Lfcin B and Cec P1 on diarrhea rate of weaned piglets

i H Xt HE2H ETEC 41 Lfcin B 41 Cec P1 4]
Items Control group ETEC group Lfcin B group  Cec P1 group
BLg gé{ké& _ , , 33 47 33 20
Total number of diarrhea during the experiment period/ X

iR 56 5% L %0 Number of pigs in the experiment/ sk 12 12 12 12

i 5 8] Experimenal period/d 12 12 12 12
JE{E 2% Diarrhea rate/% 23° 33* 23° 14°

Y41 Control group
o ETEC 41 ETEC group

» Lfcin B 41 Lfcin B group
Cec P1 41 Cec P1 group

FHRH
Feces score
O = W =

Hi& Days of age/d

BIRE EARAE NS FHRFRZERARE . B 5 28 [,

Columns without small letters mean no significant difference (P <0.05) , The same as Fig. 5 to Fig. 8.

E 1 Lfcin B 71 Cec P1 33 B 437 5% 2E45 20 A0 220
Fig. 1 Effects of Lfcin B and Cec P1 on feces score of weaned piglets

%4 Lfcin B 1 Cec P1 X BT IH{FHEEE T YRS EHFIT

Table 4 Effects of Lfcin B and Cec P1 on the content of dry matter of feces in weaned piglets %
H % i} R 24 ETEC 2 Lfcin B 2 Cec P1 21
Days of age/d Control group ETEC group Lfcin B group Cec Pl group
28 36.57 +1.30 36.17+1.76 36.03 +£1.49 35.45+1.28
29 35.06 +0.90° 12.81 £0.81° 13.17 £0.81° 13.01 £0.77°
31 36.26 +0.43" 17.37 £0.88° 19.55£0.91° 20.39 +0. 94"
39 35.95 +£0.55 22.58 £0.51 33.95 +£0.66 34.81 +£0. 54
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1500 bp
1000 bp
750 bp
500 bp

250 bp

HO M

1500 bp
1000 bp
750 bp
500 bp

250 bp

M:1 kb DNA ladder;1 ~ 8. #&f 3% 4 DNA DNA from fresh feces; H, O X} if negative control,

2 PCR-16S rRNA # 1#7=4
Fig.2 PCR product of PCR-16S rRNA

2.3.2 PCR-DGGE ¥}k
A PCR-16S rRNA §" 3§ = ) Jy #E 4, it £y

M 1 2 3

1500 bp
1000 bp
750 bp

500 bp
250 bp

PCR-DGGE " 14 4" 3 (1) PCR =¥ 2 1. 5% 1y
T NG W E A, 4 14 7 W B Dy 433 bp (11 3)

6 7 8 HO M

1500 bp
1 000 bp
750 bp
500 bp

250 bp

M:1 kb DNA ladder;1 ~ 8;PCR-16S rRNA § 14 ;=4 PCR product from PCR-16S rRNA; H,O: [ 1 X} I negative

control .

3 PCR-DGGE ¥ &= 4
Fig.3 PCR product of PCR-DGGE

2.4 Lfcin B #1 Cec P1 3T REFERENX R
E2=2kd: 001
2.4.1 DGGE HiJk: Bt £E

&l 4 J& LA PCR-16S rRNA 434 7= g fsid , itk
17 PCR-DGGE §" 3 , ¥ 9" 3 ) PCR /= ¥) & 55%
PAGE .1 x TAE .60 C 16 h HLJk (%%

2.4.2 WAV RZFHEESGIT rai )

JW 38 A Wy X R 2 A, TR LR 24
PEHEATHE IR . N2 diversity ™~ A5 %00 F 11 9%
N1 richness: ¥ fh £ (B AR N =" H Ky
Shannon’ s diversity ) ; N2/N1 . 45 %€ #£ i A9 F 4 41
Ji ; Number of species: #% 5 1) 72 & ; Shannon’ s di-
versity : it 5L ) B AR X LG (TR A KR
H= -3plog(p;),p;, =Y/SUM, SUM 3 —/~F
Y RE R SR, Y, R RE S RS S Rl
Bt .

MAM X R Z RS R 5 K 6,
7.8 8, HEITTAL & AT I A X R 2

ARZE(P>0.05) o AN[A] H R I o0 Hr 25 2R WL IA]
9, W] I X 3B A W X R 1) 22 B PR AT X
e 11

M 1 2 345 6 M7 89101112 M

M . i JH 41 & B fE universal bacteria marker;1 .5 .9 %}
8 2H control group;2 .6 .10;ETEC 24 ETEC group;3.7 .11
Lfcin B 44 Lfcin B group;4.8.12:Cec P1 4 Cec P1 group,

4 2481 DGGE £RAKRE
Fig.4 Representative images of denaturing gradient gel

electrophoresis of real pool samples
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4L Control group ® Lfcin B 41 Lifcin B group
50 - O ETEC 41 ETEC group 2 Cec P1 41 Cec P1 group

¥
B2 40
HE N
30 N N o

sT2NW Ywmws X W N
= INW/ NW)| N W N W)

28 29 31 39

H# Days of age/d
BS #HmpAXMMHIE
Fig.5 N2 diversity (effective species
occurrences) of samples
T4l Control group ® Lfcin B 41 Lfcin B group

. o ETEC 41 ETEC group Cec P1 4 Cec P1 group
of Z
Ty
H®
1

28 29 31 39
H#& Days of age/d
E6 wHmitrErFmiTFHER
Fig.6 N2/NI1 evenness ( compositional evenness of

particular sample) of samples

X4l Control group ® Lfcin B 4 Lfcin B group
0 ETEC 41 ETEC group Cec P1 41 Cec P1 group

g 8
i 2
il
x 2
RE
Z
H#& Days of age/d
7 EmPYMHFE
Fig. 7 Number of species ( sample richness) of samples
§ - 2 X HE41 Control group = Lfcin B 41 Lfcin B group
*:% z 5 o ETEC 4 ETEC group Cec P1 41 Cec P1 group
5]
@» 3
5521/
< 5! /
#G0 ;
) 28
K H# Days of age/d

8 HmhRERANYF A5
Fig.8 Shannon’s diversity (relative proportions of

abundances of individual species) of samples

Pearson correlation (Opt 0.50%) [0.0%~100.0%]

universal
(=3
2 2 ¥ g =G A
Lfcin B 32
| ec P1 32
Control 32
—l: ETEC 32
ETEC 29
Lfcin B 29
Control 29
Cec P1 29
Control 31
ETEC 31
Cec P1 31
LfcinB 31
Lfcin B 34
E Cec P1 34
— ETEC 34
— Control 34
Control 39
E ETEC 39
Lfcin B 39
Cec P1 39

G:4H group; A H % days of age (d) ;Control %[,
B9 HREESWE

Fig.9 Cluster analysis of samples

3 % i

Lfcin B &I T FLEk# H & (Lfcin) B A% , M
Lfcin 7745 T N e RZE0l 3L ah Wy i 3Lt b, i Ar
E TR TH R R TR L B LAt 0 B AR 43 b
Cec P1 J255 1 > A& I 73 85 W0 18 K, J5 e bF 5%
HUESE, Cec P1 KRR T4 I 38 1) 25 4= 42 R (Ascaris
suum) G, SMEPEAR AT Cee P1 W% 1 Lfcin
B X I B AR R S K ARSI I 25 R
W, Licin B X R I T4 1 ETEC 14 J5e /N 17 1 v
J% ( minimum inhibition concentration, MIC ) &
8 pg/mL, ] Cec P1 ) MIC j& 6 wg/mL,

AW 3 ~5 d, SRS gk
Wi A AT S BT 0 25 B AIE , i B R U B Y 45 i
T gk JX R0 BT 40 L, A T A 4 L R AR IAE
B, B IR T ROR . Wang %0 R 5
T YL RE D SRS A e, iDL
P& = WT AT A 1 AR R R RE L BRARIE TS 32, W 48 &
L PR s R . WA S5 R AT LUE
Cec P1 X5 MM A T B0 W 05 A7 4 7 109 A (P R
2R AL T Licin B, % Cec P1 B A F T4146 M
o BRCAR S AL BINE AR ROIRES . AT H Y Z



1542

IR 7/ B S S

23 3

— AR ST B RO 75 AT DA A5 R AR AT A 8
NEYS | DT 28 i W 05 7 93 DK DT 7% A7 5 BT 232
FERRFORZEE T BT & & 0 LL B ok B, B
LR K Cec P1 A FERATIE TS &, H. Lfcin B
H 5N LR R R IR TS 22 (23 % ) o 78 J5 K
B, Cec P1 R ILH AR ILH . HHIA] L Cec
P1 S ) 45 B B 05 475 ot 7 S W 73 25 2 By
Bro MiASE B 1O B @347 4% 4% W ETEC 4,
A A HUAER M, BT LA R b 1
Lfcin B.Cec P1 5 Lifcin B fi#ii 4 & S Cec P1 fli
PUAERG B HECR .

AT HGE , 7Lk A AT DL AR /N B A
Z 5 K R GG AR, B R
Xt BR2H \ETEC 41 Lfcin B 41 #1 Cec P1 ZH#ME T K
[ ¥R W A s B B UAE M IX R 22 R
AN H AT A W X R 2 AR
feia# sk F , Licin B Fll Cec P1 A F| T4 T
KIGAT B AT 586 1 38 N B A 4 T 0, 2 e AR R
EHEHMAEY X R, H Cec P1 AT Lfcin B
PR

FERE AN 50 5 AR P, X BE AL AT AR e A T
(7350 H G H 4R Hh 208 T4 o & AR X
B R Y Z A, ] Cee P IRZZ, H A BRI HE
153, X MK W], Cec P1 H A BRI BLEPERE, A
TP EAERKER -

4 &

@ % BE41 ETEC 4 .Lfcin B 4{ 1 Cec P1 41
PR RGEMEY XK RES AR (HE
BLRPRREE I, DU K BB 6 Bl W AT 1 A K
AE, PR TS 26, B8 R 2 8 T o M 3SR R, 2 R
W 374 7 354

@ Cec P1RIE T35 I8 Sl ¥ 3 A 2l B
Lfcin B 8RB 1T I i 18 PR 5% , B A I FA7 48 (d R

S &3k

IR 50 -2 (12 % /A I 7 N 3 R
7= B AR RS IR N E BT[] ) R &
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Effects of Lactoferricin B and Cecropin P1 on Growth and Gut Microflora in
Weaned Piglets Challenged with Enterotoxigenic Escherichia coli

HOU Zhenping' YIN Yulong® WANG Wenjie' LIU Jingxi' SOUFFRANT W B’®
(1. Tianjin Institute of Husbandry and Veterinary Science, Tianjin 300112, China; 2. Institute of Subtropical and
Agriculture, The Chinese Academy Sciences, Changsha 410125, China; 3. Leibniz Institute for
Farm Animal Biology, Dummerstorf D-18196 , Germany)

Abstract; This experiment was conducted to study the effects of lactoferricin B ( Lfcin B) and cecropin P1
(Cec P1) on growth and gut microflora in weaned piglets after orally challenged with enterotoxigenic Esche-
richia coli (ETEC). Forty-eight 28-day-old German Landrace x German Landrace weaned piglets with average
body weight of (7.18 £1.32) kg were randomly assigned to four dietary treatments ( the control, ETEC, Lf-
cinB, Cec P1) with two replicates per treatment and six pigs per replicate. The feeding trial lasted for 12 days.
The results showed as follows: 1) there were no significant differences in body weight and average daily gain
among control, ETEC, Lfcin B and Cec P1 group (P >0.05). 2) The incidence of diarrhea in ETEC group
was significantly higher than that in the other groups (P <0.05), but there was no significant difference a-
mong control, Lfcin B and Cec P1 group (P >0.05). After challenged with ETEC firstly, the content of dry
matter in feces of 29-day-old weaned piglets in ETEC, Lfcin B and Cec P1 group was significantly decreased
(P<0.05), and after challenged with ETEC secondly, the content of dry matter in feces of 31-day-old
weaned piglets in ETEC and Lfcin B group was still significantly lower than that in the control group (P <
0.05), but there was no significant difference between the control group and Cec P1 group. 3) There was no
significant difference in gut microflora among all groups ( P >0.05). In conclusion, there are no significant
differences in the growth and gut microflora of weaned piglets among the control, ETEC, Lfcin B and Cec P1
group, however, because Cec Pl is separated from nematode Ascaris suum of gut microbe in pigs, it lives
more easily in the gut than Lfcin B, and it is more favourable to the health of piglets. [ Chinese Journal of An-
imal Nutrition, 2011, 23(9) :1536-1544 |
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