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WE. WU HRG KX ARG R 7 BT A 8 S MR Y R s i BB 2x 4 U Tt A
JEHEZ 40 kg MHERRE FERIE AN S ARG AH R A BB BE 20 65 kg K MG 45 24 SkBEHLAY A 4 S Ab R4, 43 34
MREEERN H R 7% 14% 21%%k B ARSERE H R, 4 6 DNEE BRI A S A shA: F=PEREI E R G T4 R
ANEE 1R, EIR 28 d, 0SS A SR AR MR, 43 B 1035 F T I B3R\ LB ( DAO) Fil D-FLIER &
T E B SR A B A 1 vh BORE B AT TR A8 2 48 RAE 25 G A5 I RE G AT UAE W) 16S rRINA £ K 4% D143
B, GEREW ST ME NGRS R D-AREG R SO EEE B RESRE B bR 25
BEEEE Z5mNUZRREE G50 KIGHT & R 45 I FLIR AT B = BE A 03552 T (P<0.05) o HOMER J KX L DAO %
i D-FLRR A AN R AT A BRI (P<0.05) . B E, 5RO BB AH L, 7% F1 149 %k B A%
HARAL BRI D-FLIR & 8 0 & THR (P<0. 05) ,21% %k B HARAL BRI DAO &8 8 32 T (P<0.05) , 7%%k B2 X
HARAL SR B I U2 R B 3 T (P<0. 05) ,21% %k B2 24X HORRAL 35 1% 5 i o B JE2 B Wl 35 B I ( P< 0. 05) , T% %k
B2 HORR AL B 285 M LR AT 1 =F 8 0 25 T 85 (P<0. 05) , 14% %k B2 87 A8 H AR A B 1) 245 1 O v A v = 4 J0 35 PR A1
(P<0.05), KA, SHAH X IRA L, 14% %k 5 B BB DAO & B E T+ 5 (P<0. 05) , 14% Fl 21% %k
FE AR FORR A B T M B R S 3 MG I (P< 0. 05) , 7% %k Bz 24X FORR Ak 351 223 i WU FF 1 3 2 J 35 AR ( P<
0.05) , 14% %K Je B AR HARAL 31 1Y) 23 iz BUBAT B8 N2 5 SLIERAT B8 2 B 0 B IR (P<0. 05) o &5 TR, R — 4k
R R IATEAS JpiEmadE v | 25 I SBT3 B 45 I R A o = 1 4G B LR AT 187 3 B 55 5 AR e 25 7, B
B AR 25 1 KIGAT R FBE o 7 %%k B2 B A K ST38 R Z A6 0 1 15 25 Pk, B3 n 5 o JUL 2 I8 B LA 3 oy &4 4
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on 2X4 two-factor design, twenty-four Erhualian pigs (approximately 40 kg) and twenty-four Large White pigs ( the same
physiological stage as the Erhualian pig, approximately 65 kg) were selected and randomly divided into four treatment
groups including control diet group, 7%, 14% and 21% wheat bran replaced basal diet with six replicates in each group
and one pig per replicate. The pigs were fed by the Osborne testing stations system. After the 28-d trial, blood samples were
collected and the serum was collected for analyses of endotoxin, diamine oxidase (DAO) and D-lactate. The middle sections
of the cecum and colon were collected for histological analysis. Mucosal scrapings from the jejunum and colon were prepared
for the detemination of /6S rRNA gene copy number. The results showed that pig breeds had significant effects on serum en-
dotoxin content, D-lactate content, the abundance of Bifidobacterium in the jejunum, cecal crypt depth, intestinal wall
thickness in the cecum, intestinal wall thickness in the colon, muscle thickness in the colon, the abundance of Escherichia
coli and Lactobacillus in the colon (P<0.05). The level of wheat bran had significant effects on serum DAO content, D-lac-
tate content and the abundance of Escherichia coli in the colon (P<0.05). For Erhualian pig, compared with the control
group, 7% and 14% wheat bran significantly increased D-lactate content (P<0.05), 21% wheat bran significantly in-
creased DAO content (P<0.05), 7% wheat bran significantly increased the muscle thickness in the cecum (P<0.05),
21% wheat bran significantly decreased intestinal wall thickness in the cecum (P<0.05), 7% wheat bran significantly in-
creased the abundance of Lactobacillus, 14% wheat bran decreased the abundance of Escherichia coli in the colon (P<
0.05). For Large White pig, compared with control group, 14% wheat bran significantly increased DAO content (P<
0.05), 14% and 21% wheat bran significantly increased the intestinal wall thickness in the cecum (P<0.05), 7% wheat
bran significantly decreased the abundance of Bifidobacterium in the jejunum (P<0.05), 14% wheat bran significantly de-
creased the abundance of Bifidobacterium in the jejunum and the abundance of Lactobacillus in the colon (P<0.05). In
conclusion, there were differences between Erhualian pig and Large White pig in large intestine morphology, intestinal per-
meability, the abundance of Bifidobacterium in the jejunum, the abundance of Escherichia coli in the color, the abundance
of Lactobacillus in the colon. The level of wheat bran affected the abundance of Escherichia coli in the colon. The 7% wheat
bran increased intestinal permeability in Erhualian pigs. However, muscle thickness in the cecum was increased to odapt to
the digestion of fiber, and the abundance of Lactobacillus in the colon was increased to improve intestinal health. The 14%
wheat bran increased intestinal permeability and intestinal wall thickness in the cecum, and decreased the abundance of
Bifidobactertum in the jejunum and Lactobacillus in the colon.

Key words: Erhualian pig; Large White pig; dietary fiber; wheat bran; intestinal permeability; intestinal mor-

phology; intestinal microbiota
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1 ARSIk

1.1 iKezh¥

FIEFR RS AR AR R A AR B
SN[, B A (] A4 JBT 5 7 T A o P ORE AMORT L
RIGEA—E A, K2 % Kanengoni 25" #7381y
I7E PR A A BERY B 1 e . AR TS
PR < R ) A= 3B B S R 0T B R 27 9% BUAT A4S T 2
PRI, AR AT A BT 4t Fh 4 3 S0, 2R 150
kg s K BUAE R I 5 5 18 Stern 261 AURIE, N
240 ke,

PEREIR T 2y 40 ke WOMRERE —JER R 5 4k
JG G AR [ A BB BE 2 65 kg BYAEERRE A 1 B 10 1) 8
2% 24 3% Hoh ZARRRE I TR M T AR IR AR
LA AER, R AR TR E HE R A A,
1.2 R_Wigit

BN SFERENL A N 4 AL FEZE  BE4L 6
#1 BREAREHAT

Table 1 The ingredient composition and nutrient levels of diets

52 BRI AS 4 1 g AR e T Re I R G AT iR
W, Sk AR T R A A S AR BRI ST AR B
P AR SRAE goAE o | AR, R R TR
PR A HoREAIOK, R 10 d, BT A
T EERE FRE ; TR 28 d,4 S AC B 2 SR R
[ 4b B H KL, H O b M Uk % 5 4E 0K S 53 3R
12. 84% 14. 43% 15. 84% 1 17. 38% .,
1.3 H#

P e [ R R SR AR E— R IR AR KL E
) (NY/T 65-2004 ) b Be il JEAiE H AR (XTI | H:
A 3B ST B T%ER L 14%%k B2 1 2195k iz
BRI H AL, 9 R SE E Tk 2 R P2 ikt H
FRHLZE 4 MR AR P DRI LT 4 Rtk
VREFYE G HARER e AT BSR4 AT H
WRLF e FR bR S BT . HOAREC T BB 32K
AEFEREIE L,

W H oAk B R TRERBEE  14%F L BRE 21%5k B0
RS T ) EXK(%) 70.00 65.10 60.20 55.30
2R (%) 18.00 16.74 15.48 14.22
Rz (%) 7.50 13.98 20.45 26.93
K (%) 0.25 0.23 0.22 0.20
INIAT (%) 0.25 0.23 0.22 0.20
TIRE (%) 4.00 3.72 3.44 3.16
oy (BFKVITEE) FRIYFBE (keal/kg) ME 3129 3063 2 997 2931
BN (%) 15.10 15.13 15.17 15.20
P VRRARE (%) 11.77 13.61 15.45 17.28
RS (%) 0.65 0.62 0.58 0.54
BB (%) 0.48 0.51 0.54 0.57
AR (%) 0.80 0.79 0.77 0.76
HER+ER (%) 0.53 0.53 0.53 0.53
2H 53 CEFRKTIE(E) PR IREFLE (%) 12.84 14.43 15.84 17.38
TRMEVE R AT 4E (%) 5.13 5.70 6.27 6.76
HETHE (%) 3.60 3.86 4.22 4.51
I (%) 17.42 17.47 17.54 18.12
HAEWT (%) 6.80 6.81 6.77 6.80
BHMRAE (%) 13.65 15.66 16.90 17.50
AV E HARLTAE (%) 0.42 0.66 1.10 1.35
AT HARE 2 (%) 14.00 16.32 17.99 18.85

B 1 kg TR ER AN 4EA4E 28 A 52 530 TU 2R D 3 348 1U 44 E E 572. 00 mg 4E2E F K 24. 00 mg Bl E 41. 00 mg B K 65. 00 mg 12 R
290. 00 mg MHER 325. 00 mg MEMEREE 50. 00 mg AEHE 5. 00 mg, M ER 12. 00 mg JHHK 6. 27 mg, WIMER 120. 00 mg Bk 42. 50 mg #i 3. 00 mg  BE

45.00 mg %6 2. 00 mg 4 0. 11 mg AL 0. 12 mg,
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14 REFE
1 28 d IEU S, SRR AR L, 4 °C T3 000

g B5.0 10 min, /NOIRIUMTE 2 1.5 ml B0 Kim
THREARAETE-80 C R, H Tt NEE R L &
FALEF(DAO) F D-FLIR . B AT g s vl o sl & 5
JE TR RE I, 58T AR DI 45 U 5238 il
FIES A R, 43 i AICE W A5 BE ~2 em SERE
Te iy, T 4% F R 22 8 H RS v 1 5,
TIHBEAFUEE, TR #IEE  25h
BORRRES T 2 ml RAEEE, B T80 CIR AR, IA T
AW 16S rRNA SER$E ULEGI %
1.5 MEBREFE

1.5.1 il d v g e deml iR st A Y
TAEWFSE T ELISA a5 6 A ) 1 375 o N 88 35 L DAO
M D-FLBRI S, {4 ELISA Cale B/EHIMERRE Y
24 IR NTEER DAO F D-FLRR & it

152 MM AFIE 4% HRIZ R PR 25

FanZ Bk A 5 wm YR A HE Jeta 55D R
FHJE R Eclipse 80i FLF R igoILas , (1 H] NIS-Ele-
ment R FIE R ESIREE W RE IR LR REE

1.53 M # A4 16S rRNA 3 B # W 2 (T f# 4k
F )M Z  ffif Fast DNA SPIN Kit for Soil 7] £
PRI 5 DNA Bl 43 60 B 00 e v J3E K 4
FERG-20 CORAE# . 51 SRV EYRHA
BROSELA L, BARS ) 55 B L3 2, M e
BATERE 16S rRNA SRl £ Ok, A 766 B A R I 2t
SEARHERZR i SRSt E i PCR O R rh
S KT | FLIR T 3 FOBUBZ FF R 16S rRNA FE
PR DB T S50 M AR 20 pl RWVAKR &R . TB
Green Premix Ex Tag 11 10.0 wl, I F5[#4 0.8
pl, BZEIK 6.4 pl, DNA #iki 2.0 ul,

%*2 PCR3I#MFZ
Table 2 Sequences of the primers used for PCR

(DG SIYFAI(5'—3") 2% 3k

S F: ACTCCTACGGGAGGCAGCAG [12]
R:ATTACCGCGGCTGCTGG

KGHF#E  F:CATGCCGCGTGTATGAAGAA [13]
R:CGGGTAACGTCAATGAGCAAA

HBFFHE  F:GCAGCAGTAGGGAATCTTCCA [14]
R:GCATTYCACCGCTACACATG

WU FFE  F:CGGGTGAGTAATGCGTGACC [15]

R:TGATAGGACGCGACCCCA

1.6 BIBRFITS5HH

H Excel 24 %5 i 98 B P 817 00 25 Ab R Tk
Y1 168 rRNA H 48 DUECR L 10 i i %t BUR 217
Geitor#t, 1 SAS 9.2 {4 MIXED #5 3k 17 43
Bt , B RN KRR ER B K-, #5 P<0. 05 WA
Ho2e i 2 I 45 2R LU e/ N — I 4 FNF- 2 b
1% (Standard error of mean, SEM) #&/R .

2 ER 5

2.1 BRFEKEXNAERMEGERSENF
et oA

FH 3 AT J SRR I B M D-FLRR
HAH BEHI(P<0.05) , HAREL R KX DAO
M D-FLIR & A B &5 (P<0.05) 4 s B Al H
FRER Bz K938 AR FXT I DAO Al D-3LIR &
HRERN(P<0.05), —RBHHNEZSED
FIRTREM (P<0.05) , “ LRI AY D-FLIR & &
BEEST KA (P<0.05), S5XF WAL, 7% fi
14% %% Je B AR HARALBE 0 548 5 T D-FLIR & &= (P<
0.05) .

x3 @AM EREEKENEFEREENFERNZEER
Table 3 Interaction of pig breeds and dietary wheat bran level on

serum indices of intestinal permeability

Hhr wamei ngem G0 IHE
WRER & 0.037 0.288 0.262
DAO F i 0.603 0.044 <0.001
D-FLIR 7 <0.001 <0.001 0.024

A1 AT, 7% %K B2 A HOARAL ], — A8 G 4
INTER & &R IR T R A (P<0.05) . 14%#k
B H AR R, —AERHE Y DAO & 2 B IR R
FI44 (P<0.05) o 21%%k B 540 HARAL B — A0 5
) DAO % 2 8.3 & T KA (P<0.05), 7% il
14% 5k B0 H AL — I8 D-ALIR S &1
BEETRAK(P<0.05),

XA L, AEI A 219 %k e R0 B AR AL R
) DAO & 2 8.3 TH i (P<0.05) , MM 7% A
14% 5k B A% FUALFRY D-FLIR & B 35 THE (P<
0.05) , KFHE 14%%k 52 A0 H AL B DAO 5 5
W ETHE (P<0.05)
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Fig.1 Effects of dietary wheat bran level on serum indices of intestinal permeability in different breeds of pigs

22 B#REKE KX ARE S GERSFRRN

I 4 AT, 5 SR B W B s TR B e 5
ke )R B L2 R 2 520 (P<0.05) ,
HARER B2 KOV X 458 A TG 83852 ), 5 & R ORD H AR
Ek K K- 38 AR R X W i BE LS A I 35 52
(P<0.05) ., B, Al i b s R B W LT
KR (P<0.05) , —AER 55 i I B JEE T 25 KT K
3% (P<0.05) . i, 4B 5% 1 i B JEL B i 2%
KT KA (P<0.05) , “ARHE R IUZ R (%
TR (P<0.05)

x4 FERMIMBARKEKENEFERSFNZEER
Table 4 Interaction of pig breeds and dietary wheat bran level on

intestinal morphology

b wad s e e aR
M B s IR BE 0.020 0.615 0.594
H R R 0.009 0.293 <0.001
BIBIUZERE 0.290 0.271 0.196
SR R 0.850 0.712 0.936
L5 1 W RE SRR 0.040 0.611 0.649
SNUZE R 0.009 0.507 0.900

m I 2 WA E D, 7% 5k B AR H OB AL B
A4 ) i B JEE B W 2 v T K U (P<0. 05) ,21%
B K H AL B AT ) i BE JEL R i 2B AT K
FI3% (P<0.05) , SXTIRAIAH L, —AERH 2195k i
A B AL PR o o e T B i 2 R AR (P<0. 05)
T%%k Bz B AR H O AL B H W L2 R B T

(P<0.05), K 14% K1 21%%k f B A% H AR AL B
()5 W i i TR B W 2 v TR R (P<0. 05)

23 BHRHFEKENAESRMEBEGEREDFEE
sEA)

FH 2 5 ATAL M SR 23 i SUSERF B L 285 K
FERFNZS I FLIR AT 1R A W& 520 (P<0.05) , H
&R 2 AKX 45 i R W FF 181 =F B A S 35 5% ) (P<
0.05) , F& A FN H AR ER H KT 19 28 BAE TN 25
MUBEFF B 235 1 i B RN 285 i K W 1 3 B A 35
M (P<0.05) AR5 1 25 B U T B 45 1 L
PR P 2 B I TR A (P<0. 05) , —AEI &1
S5Ma KT A = B 2 T KM (P<0.05) , 45
W, 7% 14% F1 219% %k Kz B2 AC H RAL 3 ) K T
PR R I LT X IR (P<0. 05)

3w, AR A A M PR T TR 3 R A S
it RO B b I 2 3 TR Ui (P<0.05) |, BUBL AT
BB E A5 B B HOAR AL B Y IR TR A
W (P<0.05) . KM W SUSEAT B ETE 7%
149 %k Bz B3 A% H R AL B b 2 I 3K F X R4 (P<
0.05)

I 4 AT, JEAE R IR ARG 45 A
B B T KA (P<0.05)  FLERFT B £
FART KA (P<0.05) ;18 T%%k i 240 H AR AL B
o ARG R A B SR R B AR T R U (P<
0.05) , KA1+ 3 B & T KA (P<0.05) ;
TE 219#% B BAR HARAL R b — A6 I 0% 45 W o B A
FURRFF B 4 1 38T R A% (P<0. 05) , KA AT
WHERES T RAR(P<0.05),
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Fig.2 Effects of dietary wheat bran level on intestinal morphology in different breeds of pigs

x5 HERMAMBARKEKENEBEREDEENZTEER
Table 5 Interaction of pig breeds and dietary wheat bran level on

the abundance of intestinal microbiota

b wa s e et an
25 1 S TR 0.405 0.373 0.636
V7PN LR 0.487 0.125 0.724
23 W FLRRAT B 0.067 0.889 0.111
23 [ AU AT T <0.001 0.308 0.017
251 A 0.104 0.539 0.003
L) PN R <0.001 <0.001 0.018
e BN N 0.001 0.263 0.088
251 SUEAT TR 0.492 0.210 0.434

53Rt H AT BEAH L, —AE I R 45 W o
TE 21%%k B A0 H AR FE Hh i 35 A ( P<0. 05) , K
JART B8 = BEFE 14% %k Bz B2 AC B AR AL B v B 3 BRI
(P<0.05) , FLERFTF A F BETE 7% %k B B4R H AR AL B
iR TR (P<0. 05) s KR BV FBEAE 7% .21%
ER R AR AR AL B 2 T R (P<0. 05) , KA FF 1A
F BE TE 45 2k B AR H AR AL B 2 B 2 R AR (P<
0.05) , FLEAFT 18 T BEAE 14% %k iz 2 A% H R Ak 3 v
1 E AR (P<0.05)
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Fig.3 Effects of dietary wheat bran level on intestinal microbiota in the jejunum of different breeds of pigs
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