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2 (P<0.05). 3% 5%WEMRANTHEEFRMAMIFHE+ =56l B, TWmrokE s B/ 5
g (VIO ERERTRBAMKEBGHA (P<0.05). BILKSHR T+ Bmr v/IC |
BE TR (P<0.05). 3) @SB N RN, XTIRAM T AR EASE. KEA
=, 1M 3% S%PERRIUNT B IR AL 58 R B N B S, 85— 8. mbmT s, R
AR T R R I TR LT T B SR T S T A AR K, DR R AR IS R LT B RS SR IE R
HIHEREGN GG RKIERMGIETEA LR, Wy DR g R 7L AT 1 15 = P & LA
3%NH -

K WIOFAE: WERRILIT AR RIS, ERSS5

R4S S828

Wk H . 2017-11-03

TH RS EXRARREEESTH (31760688); TLIE AW HERIKRIE (JXARS-03-&
Fr 5B

EE M B B (1990—), %, VL BN, Wbt sil, 57 I hshdns = Skl Rk,
E-mail: liaoke520@126.com

EEEE: e, #d%, EhAERI, E-mail: youjinm@163.com

1



AR AE R RS R o IS E T . B R A MR Rk T HI RS K
BAEHE, W5 A7 MR Y I 2R 1 5 pD SRS ) K 2R R 2 SR AF A A T L, AT
R AR AR IS EEIE TSI R0, IR K T b 2R 1 B A
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PIPEEE RS RL, DR BRI R . B TCRB, I S R ) SR B AR R I 05
Wk, A MIEEIER . B, A S R AR R N P IR AR EIE R E T,
T S0 2 1 A 0 500, AR s P SRR TS W) R, e AR K R I 4 v B AR A )
PR FUAT B AT B A E AT, (R A A, M R, AN SGE & & il
KE FEHEE TR AR BIARER AN TR g « SRR ORI, WERRFL AT 18 R I M R S0
LREHCHIP TP HME (ADG), FREIELL (F/G) . fEAFREWIIIRTI, 2525 W B ST
FEAEKNERE . dERR I TE e A UM, AR R A AR SATE IR LA B AR AL, FETR
BN L P R T SRR IR LA B 15 7R SR 5 SR i, RSl MR AR K G P48
Jp it R 2 Ay 2 LA R L A R SE AR 2[RI, AR FTAULE I 0 A (0 DR P I R T
I K S BN 7 77 i WS I LA B G R4, TR SOt 0 7 A A T R RN T 2 5 40 1 5
M, Ay TR KRR T LA T 5 R 0 T W A AR e R 22 18 P R B B
1 RS g7
L1 X5 R

REGH UK E. ERAE TR LR AEMAH IR A ARG, KRBT,
KT RFLAT B3 SR B RLER 19 5 5 B A 50% 35%A0 20%. FLrh, WERRILAT W HE 72K 43

BN 11.9%, Koy &8N 7.6%, LSRR 8.1%, AR EEN 6.2%, IRIFEHEEN 8.4%.
1.2 W5t

AR TS 55 JRURA R EAHIL I 21 RS54 240 Sk, ABES (5 172, BEHLS N 5 AN,
B4 ANEE, BIES 12 5475, W5 21d.
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S HEZELAT A U T K- S B SR AR, R TR ORI PR R L 10% R I SRR B 8 40 2
1 AR SR TR rh F A K AR BT M@ K1, PR R LT B 15 7R P 4L TR rh 43 50 3.0%
1 S5.0% BRI 5 2 . &% AUV IS AL B RURL 2R 1 B3 258 /KT M . PRI 7 S IR R
CHEmFRRRAE) (2004) FCil, IR AR ICE FRKT A 1.
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Table 1 Composition and nutrient levels of experimental diets (air-dry basis) %

3% E IR FLIT T 97

5% ME IR FLAT B 8 77

oaask e [ FNCE
X ZH ] i
TiH Items Fermented Expanded
Control 3% Lactobacillus 5% Lactobacillus
soybean meal soybean
group acidophilus culture acidophilus culture
group group
group group
J5Kl Ingredients
Tk Comn 55.48 58.00 57.07 52.77 50.96
THI Soybean meal 25.98 13.90 25.07 24.46
f At K E Expanded
RS Exp 27.53
soybean
KGR Fermented
Rt 10.00
soybean meal
&R FLAT 1 5 IR M)
Lactobacillus acidophilus 3.00 5.00
culture
3t 45 Imported fish
i B Tmp 5.50 5.50 8.00 5.50 5.50
meal
FLIEH Whey powder 5.00 5.00 3.50 5.00 5.00
BB T2l Coconut oil 202 1.80 233 254
PR A, CaHPO, 1.10 1.10 1.10 1.10 1.10
A Limestone 0.70 0.70 0.70 0.70 0.70
4L 52K Extruded corn 2.02 1.80 2.33 2.54
£ NaCl 0.30 0.30 0.30 0.30 0.30
= ' .
FALHETR Choline
%L ’ 0.20 0.20 0.20 0.20 0.20
chloride (50%)
L-F R BR Hh iR 2 L-lysine
WMk R Ly 0.40 0.40 0.30 0.40 0.40
monohydrochloride
DL-EZ R
HAE 0.10 0.10 0.10 0.10 0.10
DL-methionine
L-#% L-threonine 0.20 0.20 0.20 0.20 0.20
FiREl Premix! 1.00 1.00 1.00 1.00 1.00
4t Total 100.00 100.00 100.00 100.00 100.00
B 72 /K*F Nutrient levels?
H1LEe DE/(MJ/kg) 14.27 14.27 14.27 14.27 14.27
HEA CP 19.81 19.77 19.85 19.76 19.81
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£ Ca 0.86 0.86 0.95 0.86 0.86

Mk TP 0.72 0.71 0.74 0.72 0.72

R AP 0.50 0.50 0.57 0.50 0.51

#ER Lys 1.54 1.51 1.43 1.53 1.52

BN 0.83 0.77 0.86 0.83 0.83
Met+Cys

AN Thr 1.07 1.01 1.01 1.06 1.06

DIVRAEARE T s AR $E £t The premix provided the following per kilogram of diets: Fe 170
mg, CulO0Omg, Mn40mg, Zn 130 mg, 10.2mg, Se 0.3 mg, Co 1.5mg, VA 10000IU, VD3
3000IU, VE40IU, VK;1.5mg, VB;2mg, VB,6mg, VBs3.5mg, VB202mg, 2K
pantothenic acid 25 mg, JE&%ME niacin 35 mg, “EHJE biotin 0.15 mg, M folic acid 1.0 mg.

DAL RE AT AR, HAE FE/KF ASZIE . DE was a calculated value, while the other
nutrient levels were measured values.

1.4 TR TR B

IR R AE it AT . IR IR B K LA TR, SiRsHIfE 25~28 °C, HIXHBEEIEHIE
55%~65%. RIS FTA A B R EAMYOK. 58 iz E MR AT, HAHEEESR
W AR E .

1.5 FEdCREE b3

TR 21 RAEAEE PRI | Sk ik s HAEROIR L R 4 4748, UL 4% % B
POZANREAT BRI S, SRR BUILALSE . DIOTIE N, S BTHC — 48, . BB 5 cm.
FHZRA/ N D G BE, SR 5 IR T BE Ko fE, BT 10% RIS R/ EOf H [ E
24h Db ABUFESAIAERL) 2 cm, BT T4 4% 8~ BER E W P HEAT AT E -

1.6 I5EFEHR
L6.1 KR

THGRE S, Idf Rk . W5 1. 21 RIGRAMFEHT B ERE. DN ELE R
frit 5P R i (ADFD. ADG Ml F/G.

1.6.2 piE A 45

SIS+ 38 2. B RER R B SR UBOK . A e U1 IRRRE-RHAL (HE)D
Jett J5 Il =25 IR EE (erypt depth, CD) FZLEm AL (villus height, VH), WEEE ), fikY)
AN E . HRAERE/FERE (VIO fH.

1.6.3 2 b A



WA S W h B L) 2 em, FIGASREAEVK I TI B BRZ) 1 mmx1 mmx1 mm K/, FHBE
TA AR TG TS 4% R [ e ) /N FOR R AT R, BEER R EhVATR (PBS)
T 3 T 19%RIRIE E, PBS 1k 3 Ik, BEIZIAEI K (50%. 70%. 80%. 95%, 100% 2 {X),
BEVK 15 mine ZEAEAML K 2 % (15 min/7%), Epon812 : P (1 : 1) ¥2i% 30 min, 24
% 1h, A E 37 'C 24hJ5 60 C. 48 h. ffFHIBHE Y] HlL (BROMMA LKB-V) P},
LRGN MR A O e 5 )5 F H 37 H-600 3& 55 B 504 iR
1.7 Bl a3 5 411

FT A 50 B R F SPSS 16.0 B rh BRI 3R 7 Z2 0 MR BBt AT 5 2200 . A P<0.05 N ZE SR
RENERIWAR . Bl DL P B RN,
2 4 R
2.1 AN A SR B R LA BT 5 35 4050 I W A4 AR P R 1 R

N [ Ak B SR % R R LT T 15 7R MR W A AR KPR R IR RS T LR 2. R B W, %
2 MW 7% ADG ZRAEE (P>0.05). 3%FERR I BB 7R 4B 547 % (1) ADFI 2.3 i
TR RIEEHEAREA R T (P<0.05), 1H 3%WERRFLNF 185 TR 5% G IR FUAT B 55
FMA 2 (AT TSI ADFL ZRARE (P>0.05). KIEEHMAWTTFHIN FIG Rk, BFEIK
T HRZELAN S%E IR LA A3 FR AL (P<0.05), (HEIALKGUL. 3% IR FUAT B B 7R 42 1]
ERARE (P>0.05),

R 2 ANIE) AT TR R TR FLAT B R W AT A LR K PR R R
Table 2 Effects of different processing soybean meal and Lactobacillus acidophilus culture on

growth performance of weaned piglets

KA WK GH 3%MERIFTE TR 5%WE IR FLAT W 5 77

Fermented Expanded 3% Lactobacillus 5% Lactobacillus
BH Items Control
soybean meal  soybean acidophilus culture acidophilus culture P-value
group
group group group group
P H M E 416.31+8.51 424.59+9.12 413.73+1.42 426.28+8.18 419.08+6.61
0.224
ADG/ (g/d)
FHHXER 604.17+8.88" 591.76+3.15* 592.79+2.71° 614.43+5.21¢ 607.5245.21
0.000
ADFI/ (g/d)
AL 1.45£0.04>  1.39+0.03*  1.43+0.01® 1.44+0.04% 1.45+0.03b
0.036
F/G
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AT B B AR AR NG F R RO Z R BE (P<0.05), HEASTLFHRREZRARE
(P>0.05). FE[.

In the same row, values with different small letter superscripts mean significant difference
(P<0.05), while with the same or no letter superscripts mean no significant difference (P>0.05). The
same as below.

2.2 AN[EI AT SRR B W R LT B 5 IR 400 i T A T T2 5 PR R T

N[5 Ak 3 R e W T LT TR B IR RS W WA 8 1 T T A 5 M TR R TR L3R 30 AR b i T
A, 3% S%RERRFUFT R S IR AW A A+ 48 AN Rl FO SRR e R 2 v T R A
KIEEHIZ (P<0.05). 3%MERRFLIT B REFR VLR 500 BR 7L AT 1 B 7= W) 20 2 [0 W 90 A48 1+ — 4
o ZaMEBNREREZRAEE (P>0.05). SXTIRAMEL, KRR K E Al
PR+ . SHAMERRAEEEERARE (P>0.05),

A RGN 3% B BRFUAT B 5 R AL T A+ . I 7 10 o P S 3 (K T R 4L
(P<0.05), B 5%ERAM EE MM KFSHHAERAEZE (P>0.05). SHZ WY
WA RIFE S IR B & Z R (P>0.05).

SXTIRAAHEL, 3%, 5%WEIRANT W E SR MAW P38+ 6. Wi, 2mi vIC B2
T AR B SR (P<0.05) . B2 AL K G 2H I 9418+ 48 I i) V/C B 2.3 v T X 2
(P<0.05), HZLKEHW PR 7. BgE VICEEXRATEZEZR (P>0.05),

3 ANIE) A TN R TR AL B RS W W T TR 2 4 R
Table 3 Effects of different processing soybean meal and Lactobacillus acidophilus culture on

intestinal morphology of weaned piglets

3%IERR I BT SY%MER AT R HE 77

S TR B
[ 2 NEE: I+ 7|
XfHEAH Fermented P
WH Items Expanded 3% Lactobacillus 5% Lactobacillus
Control group  soybean meal P-value
soybean group acidophilus acidophilus culture
group
culture group group

ZREFE Villus height/pm

+=%5s Duodenum  332.57+14.89* 335.69+£11.55* 357.58+11.13*  404.11£18.86" 413.23+16.57° 0.003

WM Jejunum 334.32421.12¢  325.11+24.88* 354.51£15.72°  414.34+12.71° 418.53£15.74° 0.005
[\ Meum 324.434£21.48° 341.49+18.39* 353.51+15.67®®  416.86+7.75 419.29+33.59° 0.016

FR B R Crypt depth/pm
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+ 8% Duodenum  244.34+5.94°

2 Jejunum 234.09+11.59

226.36+10.212

234.74+13.75

212.38+6.44°

218.73£18.53

209.60+7.90*

205.82+15.72

ChinaXivd O O O

228.29+11.01% 0.033

223.47+£5.37 0.567

[\ Tleum 235.88+7.32°  227.33+£6.71®  215.05+6.50? 206.91+6.11* 216.16+5.00% 0.045
KRERE/FREIRE VIC

+—=%5% Duodenum 1.36+0.07° 1.49+0.06% 1.69+0.09% 1.93+0.09° 1.83+0.14¢ 0.004

2 Jejunum 1.444+0.11* 1.39+0.09* 1.65+0.14 2.06+0.21° 1.88+0.09° 0.014

[ Tleum 1.38+0.09* 1.51+0.09* 1.65+0.06% 2.03+0.09° 1.95+0.17% 0.003

2.3 AN[FIARTEERA B W R FLAT T R A0 Wi W A5 2 b BRI S R PR R

AN IR AR B GOR B W IR LA T B SRR Wi WS A1 2 i b BGB RS M B L 1. BT B
H, SHARSAME, MRASY AT REAE, KEA—, MOREBEAME. 5L
% WA R TSI R B T K AR O B IR AL R S, A R R
HExf AR 85, BB KA —8. 3%M 5%ME R 7L Wi 7R AL I 10 2= i b
BB M A H R BF. 4.

% it
A: X820 Control group; B: Zi@% #H4H Fermented soybean meal group; C: f#ft K5 20 Expanded soybean group;
D: 3%REMILITHE B FEMLL 3% Lactobacillus acidophilus culture group; E: 5%FERRILFE MU 5%

Lactobacillus acidophilus culture group.
BT A7 1 i3 i B e
Fig.1 The jejunum electric mirror transmission diagram (12 000x)
RIS
3.1 ANIE) A B SR K% TR LT B R TR T AT A A KM R 5
FEA =, BT H A A R R @ RS, AR RIS R0, 80X —I
BRI F B RAFREAFANLE 5 B AS BE 7L 3 [ A PR & R R A8« B T W P A i R

AN TE 5, Tl 73 We BV AL XE DL 78 0T AR B A R JEURE R K SR AT E SRR . B
KPR R, Rl R PR S AR, (HSEECR ], MWy s 5, ZARE XK



7 ¥ B A AT IO BOR HUE IR AT, BRI I . U R B, 220 R AL B A 1 B
HOH A REPTR BIBORSGE , T Wi s ikl e iRm 1+ 6. =haEaimpRE S
BRETE, I BEER WY ADG, BEAE F/GU-BL FEARRE K4, SHZ MW ADG
ERARE, MR EAMEE, KB EMATHE F/G BE R, XA Ree i T A ki b rt
BEAR 1 K70 PUJR R RN AR 1 B PR RO P03, 3R 7 R B ROV A, AT e
TAPREVRIE LR . oAb, BRI R LM W /Y G, B R B B IR S, 3%MEIRIL
FRE B TR M 54748 1) ADFI 2 2 T R A R AR AL R A, WEIR FLAT B BE 77
2 [T YIAF 44 ) ADFI 225 AR % . X 55K 53 S U4 e 45 AR

3.2 AN[FIALEE KA B Ve R FUAT BRI RS TR A W AR M T A S R R

MR E TR AR 0 2 T, BT IR AR B A5 R DUR R B3 /I
WEER A, AT /MR E F- P B . (EAF R )5 , N B IR S S 2 BIAN R
e L PRI M US-160, iy VRS 15 7L 950 0 [ 2 W R it — S0 R Y AT I o BB 03 7 35 A
HRNATBZED . FREINR, THACERRE ML 206, A MBURE . A RS, 284
TR LS I 28 DR s PR A P e 2B RN IR AT A AL B, S RERS TR & B IiE IR A5 45,
P E E A KR, P m NS R RS T M (IgMD & &7, (R 3E R0 WA R G 2 3R 8 11 A (SIgAD
IS0, A W AR PR R A N LR FLER T AL RS (R AT A B R IR AR A H . R A
AIREAELERERIEN . AW thGR] 7RISR, R SX AN, R SR B A
i SR HE R AT S B R KT, TANRASIN 3% 5% AL AT 1 15 7= P IR AR R A 8 A X
WHCEA RIS L, RESi . MBI SERRE , ININVEIRFUAT & 55 -5 /N o
G UEEE I R OV RE o 0 R B A T DUR L, AR AR AR s i A e 58 A
KNG EMERRANT BB 77 e, Heas i bR B S B IR B B . B 5% . DR s n 3% A0 5%
RERR LT R -G, A7 bR B R A S H =R B 4.

LAV WA R, RATHEN, K GAEZ AL AL )5 e — 52 2 L T BRER> K G i 40E 57
DRI e ay, Mol B Lt RE B SRR PP M P0E R R, R B RN A 5T o HUE IR IR T
Iy B BR AR T P8 RAE R KRR, WG T I TE R AR, 1N A S R I e B e e e TR
ISR, BeEAF R AR TR RE . R, BRI R R & AN A R, SRM R ERE
LR, Rt B N EMINBUEAC. =8 BiE A R VEIRZS I, i3 o K0 209 ol i 1 A K32
B3], RN E E R TR E, X WA INE L FUAT B IR RCR A R A

4 % w



QTR IR I R T 2R R 25 PR T W A7 4 F/G, DR TR N 3% P8 TR LA B 55 R 4 7T
FHIR =W YT A4 ADFI.

@TAPHR A7 I R FUAT B G 7R T B B T S A SRS A KRR R E TE T A 45, I
WAF R ARIRR p B R LT B B R DRI L 3% 9 EL
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Effects of Different Processing Soybean Meal and Lactobacillus Acidophilus Cultures on Growth

Performance and Intestinal Morphology of Weaned Piglets”
LIAO Ke WANG Zirui YOU Jinming"~ HE Qin XIONG Hao LUO Bowen

(Nutrition Feed Development Engineering Center of Jiangxi Province, Key Laboratory of Animal
Nutrition in Jiangxi Province, College of Animal Science and Technology, Jiangxi Agricultural

University, Nanchang 330045, China)

Abstract: This experiment was conducted to study the effects of different processing soybean meal and
lactobacillus acidophilus culture on growth performance and intestinal morphology of weaned piglets.
A total of 240 weaned piglets with similar genetic background, parity and body weight at 21 days of
age were randomly divided into 5 groups with 4 replicates in each group and 12 piglets in each
replicate. Pigs in control group were fed a corn-soybean meal basal diet, the diet of fermented soybean
meal group was used 10% fermented soybean meal replaced some common soybean meal, the diet of
expanded soybean group was used expanded soybean replaced all common soybean meal, and the diets
of Lactobacillus acidophilus culture groups were supplemented with 3% and 5% Lactobacillus

acidophilus culture, respectively. The digestive energy and crude protein and other nutrient levels of the

*Corresponding author, professor, E-mail: youjinm@163.com (Gt R
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diet were similar in each group. The experiment lasted for 21 days. The results showed as follows: 1)
compared with the control group, the ratio of feed to gain of weaned piglets in fermented soybean meal
group was significantly decreased (P<0.05), the average daily feed intake of weaned piglets in 3%
Lactobacillus acidophilus culture group was significantly increased (P<0.05). The average daily feed
intake of weaned piglets had no significant difference between 3% Lactobacillus acidophilus culture
group and 5% Lactobacillus acidophilus culture group (P>0.05) . 2) The villus height in duodenum,
jejunum and ileum of weaned piglets in 3% and 5% Lactobacillus acidophilus culture groups was
significantly higher than that in control group and fermented soybean meal group (P<0.05). The
villus height to ctypt depth (V/C) value in duodenum, jejunum and ileum of weaned piglets in 3% and
5% Lactobacillus acidophilus culture groups was significantly higher than that in control group and
fermented soybean meal group (P<0.05). The V/C value in duodenum of weaned piglets in expanded
soybean group was significantly higher than that in control group (P<0.05). 3) Under the transmission
electron microscopy, the jejunum microvillus was relatively thin and differs in length in the control
group, but it was intensive and neat in 3% and 5% Lactobacillus acidophilus culture groups. In
conclusion, diet added with fermented soybean meal or Lactobacillus acidophilus culture can promote
the growth of weaned piglets, and diet added with Lactobacillus acidophilus culture can improve the
intestinal morphology of weaned piglets. By considering the growth performance and intestinal
morphology, the optimum addition level of Lactobacillus acidophilus culture in weaned piglets: diet is
0.3%.

Key words: weaned piglets; Lactobacillus acidophilus culture; fermented soybean meal; intestinal

morphology
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