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Antibacterial activity of lactic acid bacteria community
SFC-2 on straw feed

LIU Jing-jing, SONG Cheng-jie, LIU Jin-huan, WEN Bo-ting,
WANG Xiao-fen, YUAN Xu-feng, CUI Zong-jun®
(College of Agriculture and Biotechnology/Center of Biomass Engineering,

China Agricultural University, Beijing 100193, China)

Abstract A new straw feed producing process by applying lactic acid bacteria culture on the straw feed was
proposed. In order to reveal the preservation effect of the bacteria culture on straw feed and mechanism involved, in this
study,corn stalk was used as raw material, culture broth of lactic acid bacteria community SFC-2 was used as additive
in different ratios (0,75,150,375 mL/kg) . By analyzing the physicochemical properties of straw and dynamic change of
microorganisms in constant 24 hours after exposed to air, the results were as follows: 1) After adding lactic acid
bacteria culture broth, smell and contents of water soluble carbohydrate (WSC) and crude protein (CP) were all
improved,and these traits showed a positive correlation with the content of SFC-2 fermentation broth;2) The aerobic
stability of the straw feed was improved when 75 mL/kg was given,and decreased in other treatments;3) Loss of crude
protein was reduced when SFC-2 fermentation broth was given; 4) The band patterns of denaturing gradient gel
electrophoresis revealed that strains of SFC-2 were the dominant species in the inoculated feedstuff, and many bands
which appeared in the control were not detected in the inoculated feedstuff. In conclusion, by adding SFC-2 culture
broth, some bacteria except SFC-2 were significantly restrained,and the aerobic stability of straw feed was improved.
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B o B M 08 AN U & R ) R AR SR A 8 AR
T R AR T ) AT A 2R ) e ) ARk 25 )
R FE BRI RL R T R A DR R
T A A R SR B TR S 4 sh e SR v BAT AR AT
LI I P B S R TR BRG] e 4 A B0 7 ]
s iR K A AN e, EWI A S A4 TR b R
it B 73 A 25 A AE W 2508 IE ) R v R s B e R
SVEDEHIR Y 500 ~ 1020 . TER AT, B FFROK S
FRR AR AT A Tl TR AN i i B EURCR
2 oy i WO A% T3, 5 BOD R BT T R 5 T EL R R o 1
kLG BB ) R A RS R RN L S 8 &
dn PR BT . PRI ) R e R ) A 7 Ak BN 4

VT4 , ] H B MR A 9 (Direct-fed microbial,
DF M) i 2l ) fidt Je F0 A 7= P e i AR T 51 & 1T AATHY
R, FLRR R BOERFE L s FH B DEM, e B4
TR RN 4 455 1 30 DN TR - B B RE L T LR R s Y
A AR B ARR T R P AR, R e mE ) S,
A R PR B R R I T IS AL AR N [ 1 FLIR
A28 ELAG AN [R) 400 TR 3 R A T M B S [ R Y FL
i T 1 5 BGIR A T F00S n  ek eb R B AT A B
Ivil /F FH AT LA 348 5 0 P 3 P R O, IR Ok 5T
FERWIR & FL IR T 10 40 o ORI T 55, B
ES MBS WAIE S AR B A & SFC-2 (1 & T
BAT 1% @ R0 GO R LR B 4 40 B AR
P33T — e w] {82 AE B B R T R B R
A R 0 52 2 M DA R Aol R ) ) AN ) 4 7 A R ) ) 3
ST DA ] IR B S G L R TR R TRV T DA AR s
FFARRH 00 38 5 (B A0 XUBA . PRI S BIF 5 ) MG ) (2 %
T2 S0P WS N LR T8 A T WO A% AT 1 40 o 7 2

AHIE G B S — A A S A RE Y B T R
3 A O e LR T A T VA 4 I o fe B2 v S A 10 57
M (8 R JRUBE 3o R v i B P IR AT A TR RN R AT ) et
BAREEAER a5z A LG A BF 58 LA SRR 1
A F SFC-2 KW M A 57, DL E K FS #F o8 5
BEAUNE FR 22 0 T AR SR A TR AL SFC-2 K 1
T W2 B0 I G R 108 5 % o3 A A R R TR YR KT 2% TR 4
AR HT s B 78 8 1 T 200 i 42 Y R S HE

1 #MH5RFE

1.1 ##
TFORFGFF M 2 B« BLBRF- 35 5 B 250 g/em®, 3

KEL 10.1%.

SFC-2 & W W : SFC-2 F B i1 Lactobacillus
fermentum L. plantrum F1 L. paracasei & 1%, 7
16srDNA #Y 38 BE ST, 2331 5 76. 376,20, 3 %0 Al
3.4% . HIMWRIRRAF 0 B R A MRS-S Br 57 2L (i
W20 g/ L. EHHE MR 10 g/L 4 AHE 10 g/ L. BERER K
5g/L. N5 g/L. iM% 2 g/L, K, HPO,
2 g/L,MgSO, » 7H,0 0. 58 g/L,MnSO, + 4H,0
0.25 g/L,ii&80 1 mL/L){H b4 K ,30 C
BrERIE 24 h G &,

1.2 A&

ST 5% 10% F1 15% SFC-2 & B 1
B R K B R RS FF R 46 B, e 4n B 5 IR A & B
BIK B B AR FR L S 2 = 3, 78 404 HE 06 R 45 B 4
B, 5%.10% 1 15% SFC-2 % B Wi 16 #5 FF 1 9
(DM Y AH R 38 fin 43 531 8 75,150 F1 375 mL/kg,
SRR CCKO MK AN R I & T . 45 B 700 g F5 FF
PEANF BRI MIE & (24 em X 20 em X
16 cm) , AR A B E, BT 30 CH i B 5246 .
S FIRA R 0.3.6.9.12 F1 24 h BFHCRE, W
ZEME 24 h RS FF 09K LB pHL L Ak 22 5 K
A A4k
1.2.1 BER pH #hnl %

Tk 8 0 R AR R L R YOKOGAWA
DX1006 JCARIC 5% AL s 43 il 4 25 #o il 8 T F5 A1 b
DAL, B 30 min Bl 1 k. pHIIE: B 0.5 g
R R E T 4.5 mL TEAKP.IRG G HE
10 min, JURH W 0. 2 mL % T HORIBA fi & pH
i (model B-212, HORIBA, H Al & ,

1.2.2 E5#H

Ao oM o K b A ¥ ( Water-soluble
carbohydrates, WSC) W % : ¥ i 28 60 °C .48 h ft+
JEME DM & &, T BB, i 40 B, R
B Fb 20 5 WSC s,

& H (Crude protein, CP) M %E : % HEL K E

i B 8 B 4 A2 B 25 7 o A B
f,

7 M T 7 ) 0 D E A ] R (GC-
MS,model QP. 5050, Shimadzu, H 4~), FLHRH &
B : 8 000 r/min B .0 15 min, B & W
0.22 pm KR IEMR, FEFF 1 g 2 mL LB+
K3 o Pk f A SR BUR R L 8 000 r/min &0
15 min J5 B WS 0. 22 pm JEE. A7 AL . CP-
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Chierasil-Dex CB I B 445 £ (25 m X 0. 25 mm);
FEASUR AL E .60 °C 2 min J5 LA 5 °C/min 3 FF I}
%100 °CL,FLL 15 °C/min HE T+ £ 190 C, £ 4F
2 min, 3t 18 min; PRI : 190 °C 5 K I 2% & S
230 Cs MM g8, B 1. 5 kV; 2 A5 (64 kPa);
P E ;30 mL/mins #FFE &R N 23U, 43U M 1722, 3
HaHh1pl,

1.2.3 #HAEMHH

B5 g BES, IMA 45 mL Ringger’ solution (5
e 9 g SEALER 0,12 g, SALES 0. 24 g, BRTR 24
0.2 g, MK 1 000 mL), B¥ K 200 r/min,
10 min, ASZD A 385 8 L E . B
DNA &Y # B il Murray & Thompson 8l HY
CTAB %M, K DNA Ji & 75 i 2 ODug/
ODago fHTE 1. 6~2. 0,

PCR §"14 . FI 728 P46 5 5 ik FL UK (Denaturing
gel gradient electrophoresis, DGGE) 73r#7 ) PCR 7=
PP B IXHoh 16S rDNA ) V3 X, RS9 k4l
B3 51 % 357F-GC M 517RMY 50 pL 2B 4
Z A4 .10 X PCR Buffer 5 pL;2.5 mmol/L ANTP
mix 4 pL;MgCl, 3 pul;45 pmol/L 357F-GC 1 517R
#% 0.5 pl;0.2 ul. Taqg DNA 3 4 8 ; £ Hit DNA
10 ng, W FEFFN 95 CHiZEME 10 min; 93 CAS M
1 min,48 ‘CiE &k 1 min,72 ‘CZEMf 1 min 10 5,30 4
PERR; W e 2 72 “CIEAH 5 min,

DGGE: f#i ] Dcode™ Universal Mutation
Detector System (Bio-Rad lLaboratories, Hercules,
CA, 3 ) 47 BUAE R B6 RE B I Dk . e )2
1 mm , 5 VA M Ok e 6 e 6 R 6 00 ~ 1200, HL UK 2%
WA 0.5X TAE(20 mmol/L Tris-HCI,pH 8. 3,

10 mmol/L Z % ,0. 5 mmol/L EDTA) , XL AE 1 #6
R 2006 ~ 6020 (40 %0 HVBEE , 7 mol /L JR &R 5E
10026) s HLIK A E HL R 200V, HE TK 1R 2R 3R
61 °C LK) 5 he HLIKEEH A R SYBR Green
1 (Molecular Probes,Eugene, Ore. ) 44 {4, , W £ 1 17
MK H Alphalmager 2200 (Alpha Innotech, 3 [H)
BERE AR R GE . HARL IR Z BROCHR[ 15 ],

2 HEREHW

2.1 BHHABREMREALERSTHK

i AR ER AL GC-MS 43 #F SFC-2 9 24 h &
BE =) A 4G OB O TR CFLIR L H i R O A, O
HLELR . O TR M O BE Y E S A, W E 5y R
11.98.4.69 Ml 3.19 mg/mL., W 1 Fixm, TKFE
FF R S bkt A B B A R ik 1) £ & FOM & ok, SFC-2
KWW E A R W B FF U N SFC-2 & IS HL &
EPNGUREN &30 SER NI [IE g 2 N il i i s
Tk o I () 1 A L VAR 0 A T VAR 1 RS P S T I R K R
PR AT, IO b N A 5 T A R O 0% s A 328 987 IR 8 0
IR PE . 45 R R BN SFC-2 & W 7T &k 3%
O R AT A IE T,

REER ) pH (R 3.8, H H A &0 1Y 22 vh g
Ji. W SFC-2 K BEW 5 . th T & B 22 v AR
L FEFFRILG pH TR, AN, K5 3% 24 h 5 B3R 3t
H S A I TR BB T R L I BRI R R A R SR R
Yy AN 2398 56 2 e Ak LR TR & I R Bk 2L 1R TR M
HACH =8 8 & A R BEFRY B, I, 3
LR T K TR AT LA 3 R AR DR WSC A CP & i
AT £ o ol A ARDR 0 8 R A LR TR R RS
L FERF pH MUK, WSC #Il CP & s

®1 BHIABRELBRERBEFINEER

Table 1 Smell and chemical composition of the corn stalk treated with different amount of lactic acid culture

AP Treatment S Odor pH AR/ Y WSC MEH/% CP
X iR CK RIS 7.1+0.1 3.50+0.03 a 7.10+0.22 a
5% % 6.410.1 4.2940.08 b 7.5540.24 b
10% HBREF 6.2+0.1 4.3240.02 b 7.7440.16 b
15% HRA 5.940.1 4.4940.03 b 7.9240.16 b

T P ECF S5 A R 8RR TE 0. 05 K F BT WE 2% 5 AR FRERRA W 2R, SFC-2 KBERTERFT DM 1
AF R AR A 4350 R - 596 =75 mL/kg.10% =100 mL/kg,15% =375 mL/kg, T El[[,
Note: Values followed by the same letters in each column are not significantly different at 0. 05 level from each

other,and different letters are significantly different. 5% =75 mL/kg,10% =100 mL/kg,15% =375 mL/kg.,

the same as following figures.
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W 1 Ca) BT bifi 2 52 B[] (0 2E 4, A5 FF op i)
WSC 5 2 3 52 F B 3, AE0T R R n & 1 17 Ab
Hirp WSC iR K, F#g 24 ho X Hh WSC 1y
PR Ny 48, 04 % LIS IR 75,150,375 mL/kg B
FiFFrh WSC (45 28 243 3l 2 37. 5800 .41, 96 %0 I
46.06% . WSC J& i 2= 9 w7 56 R FH i) s s o % T I
KRR T2 S5 S WO T B 52 0+ 3K 48 OISR 43
FHFEFF i) WSC 724 CO, 5 55 — 5 T » 3 43 L R

TR R AL & ) L 50%

0o 3 6 9 12 15 18 21 24
TN ] /h Exposure time

B AR R ML R WSC r= A SR L £ R 5 15 & M e
Yy, Tl WSC &8 F [,

mE 1) Fros il g ), X R CP & i 2
Fetad, A4 208 24 h 18 9. 60% . WNINFLRRTA &
P I Ak B rh CP 2R Ak AR I A A PE . {H 0~24 h
Joi #2255 (P>>0.05) , YL TS N SFC-2 & B, 7]
P RS FE o CP B2k

T#% CP

e
et

A il
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S 2L E]/h Exposure time
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Bl SEES4hAFRELEERFPATRIEENEEERESH

Fig. 1

2.2 WEMHEBEEMNTH

Kl 2 h2 88 24 h WREFFEOIREM L. &
T A AR R R e HAZ O TR LA SRR E i 2 °C
JIT 5 2 14 /N IS BOHE AR R A R R e T L AR 5T
Fili PR A0 U0 B2 0 728 A ok S e A S s e P . G BT BT
NGB E R 30 CHFL XA AR EM R
11.5 h,5% . 10% M1 15% B9 A & & e M40l oh
13.5.10.5 F1 9.5 h, 5% 47 S Fa 5 P o X B4,
L1OY AT 15 %5 e Xt R 22 . 5% .10 % A1 15 % Y T i
FE L CK P, HLFif % FLI2 DA & 19 VR Nt 79 385, 7

45 ¢

40 F

35t

30 F

RJEIC. Temperature

0 3 6 9 12 15 18 21 24
SLEERT[E)/h Exposure time
o— CK A— 5% 5— 10% o— 15%

2 RETFTS 24 hARELERFHEE
Fig. 2 Temperature of different treatments

after aerobic exposure

Content of WSC and CP of different treatments after aerobic exposure

ek 3 NP L 10 96 R0 15 06 1 ek B R A Ak b A AR —
., BAEA R EIEE CK>10% =15% >5%.
25 Kb PR AE 75 ) i v R S S B A [R] A AR Ak
CKAE 15 h ik %] 40. 5 C /5 & FFE.5%.10% Al
15% 43 W76 14. 5,16 F1 16 h 5 %] 32. 6,34. 2
33.8 C JafriFfaE.
2.3 HEFpHHZEZTH

&l 3 MU AN 6] B SFC-2 % e W 1 5 #F 76 2
2 24 h N pH A4k, WAl 3 iR, B SFC-
2 KRR LLREARFS FF 00 46 pH, IR N 8K, pH

7.5
70 ¥

pH

0o 3 6 9 12 15 18 21 24
FFEAFE])/h Exposure time
o— CK_—A—5% —F—10% —e—15%

3 REZR24hAAELERFEFE pH

Fig. 3 pH of different treatments after aerobic exposure
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A, 7ETFERE 12 h N, 4 DAL B FSFF pH A
TR A CK 2B 1% . 5 12 h B, pH 43
WK 6.2.4.6.4.6 A1 4.4, HE]Z 24 h B}, CK,
10% . 15% 1) pH 43 5 FH & % 6. 8.4, 8.4. 7,11 5%
B pH 4k2: F R 4.4, Z5 R R BN SFC-2 &
VR AN AN AT LA B ARG #F %0 4 pHL, 107 HL AT LR £ 5
FREA AR5/ 24 h N pH R R,

2.4 HHPHERHENISTH

XPUEOKJE 24 P9 A [a] Ak BB T v R 408 BT B A
FURRH AL

CK CK CK CK 3%

5% 5%

AL AT PCR-DGGE 2087 . WiIAl 4 Bz . CK 4
T 2Rty 25 o LB O ) Y S, R N 5 TR
TR B Y AR B AP R B SFC-2 Ry L.
plantrum Ml L. fermentrum &L FEE ¥ A [F 3
e E) A A0 R AR A W 2 . SRR
B 3L T AT A T YROX R AT e 18 DR 0 A A A 31 410
TER . X —&5 50 55 i i 60 UE 5 9 45 SR — B, |
SFC-2 1) % B WO0 R AT A AR K B AR o B9 30 23 2 B
HA W& M e,

10%  10% 10% 15% 15% __ .

0 6 12 24 6

TR

12

Fitia: Lactobacillus. plantrum. 55, L. fermentrum 5545 c: L. paracacei

% 6 12 24 6 24 re2

h

Band a: Lactobacillus plantrum. Band b: L. fermentrum. Band c: L. paracacei
4 AELEHAEHBFZHELTLH PCR-DGGE E i
Fig.4 PCR-DGGE profiles the dynamics of bacterial populations in different treatments

3% i

pH AT UGRIE 5 I G 7E OR A7 B 3 A v 1 B AR
N, AN IE TR KA pH A RFE 4.4 DL L
AT IR 40 TR R A R FORE R OR R IR B 2 A
=078 L. fermentum F L. plantarum 459 R
FRE7E pH 3. 0~ 4. 5 & 1F T A 8w A7 i
AL nFe 1 M 3 iR . CK Y pH (H I & AE
6.0 LA b5 S 0 LI 1R A I W I AR RS AT /Y pHL(EL, JF:
TEAEREE M TREES 0 LT, SFC2 1 L.
fermentum 1 L. plantarum 43 5 & 76. 3%
20. 350 AR ML SR N A REAF I IF A IHFERE AT iy

ARS8 2(0) 77 1R, JF 8 pH T R fil— 2
BARMEAE K. WA FER AR E A ERNIES
SRSl U N S ER S <R LS S 7 J U B: N AR S
S IR v B 1 o LR B T O A7 0 AUl L R
FLIR AT DA R A A B I 22 R AT i A BT — R
Bl AR pH B A 8 B B T R A7 (1 R
JiRE . Eh T A Y R L pH L WSC Y B4 43 BT L 7
ZBEPN AP 12 h Z 5, M 428 3 A 28, Ut
HA LR T 1) A R 32 B

WE 3 iR, AR RER.S% . 10% M 15% 1
pH 2RI TR, pH ML e T A %2 8 5 F5 #F
TR LA LR (R B L. 2R X SR B 0 s
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ACRAE ST BT B L 23 AP Y AN A Ok R R 4 BR
A SR 2 BR A L A A R L SRR L K IR
Ay TR A X SE U TR TC L P AE A LR . DR T, A
AREE pH Frek TR 2R R R i 2L IR 1A gk 22
= B BT 8. FLIR i A S AF b i WSC R %
B L A RS A WSC & & FEAR, 2@l pH T BE.
T REFF B BB 00 FLIR B B R b, WSC f i 3
I LR 2 U0 35, B DL 2 8500 01, X B CK h
pH T RSN, T WS 0 BA VA Ab 3 b, pH (E R T
. IS B AR W o il 3L R RN BR R i WSC T R
CO, , [F) B A, 23 43 fiff B 1 Jo0 F0 2 2 R 7 A 2 i 2%
Py R EOREEE Y pH ETHE .

e 4 pros A8 BRI 5% 108 15 %1 1Y
L TFEHE MR 4 SFC-2 iy L. fermentum Fl L.
plantarum, %% #5514 AN BB, JF — 25 0F B LR B &
T A B T o R WO 4 A A 1 B R B R R 7 A
R ok W2 oL R CP ARG 38 % i 2L AR B 1 Sl — R
i A5 TR RE 5 B A AT b A AT M B A3 B Ak Ol TR AR R
F1 - HKTH W R T FE A i, Rk & 1(b)
FE7R 55 % .10 %6 1 15 %6 HofL 8 1 AR ALK B 2 (P>
0.05), AR 24 h,CK 1 CP 14 9.60% .,

W 4 Fr7R 5% .10 % F 15 %63X 3 /> Ak 25 i 41
PRV 0 35 25 5 (R U8 B R, WSC it 2k
M gERBEtE2E, WE 2 FiR. 7 30 CHIER
BF.S%MARREE 10% M 15% ML, &
(18 T e 32 I AR SR A ) T WA 7 A K
), LR R R AN R T A IR R A
TEAEA NG LT AN R PR Th AE 7 1M 21 % (Bl [m) B A7
1E WP REZE TR L &8 70 FL R T4 RE 6% ) 3l WP WLBE  E A
ST W R A BRSO AR BF 5 . it PCR-
DGGE 4553 7w, 3 A ik B ob J B 1) A= K 35 32 %]
M H 5% 5 10% F1 15% Heis . A AR e A &
PR 2 S IR A T T — P IRAA .

FLIR DA 1) 410 R A% R 2 22 P R 3R 3 [ 4 D A &5
S AR = MR L A A A R R b A R WY
J AR LA R TS R L I R S W ST IR B SFC-
2 KW LT WA T AE R I B A A PLR
O AR HUR G A 5, 25 LR IR N FLER i &
B I o AR A pHL AT AL R T 200 T 2R A R b 1 o) A
JE AR R A BRAR CP A5 2 R A S 36 ) s 11
B JEF o 34 405 G P Rk B XU L 2 Rl T . R Ab,
FLRR B ME N FE A DEM Al LABE fin i 33 3 A 2R i B
38 RVRDRH G AL 3R S A 0 7 W i T RB A I

768 9 o 48 10 25 4 e B A 1 B T
4 & it

WINFLE W & & & SFC-2 & B W] L) 42 35 7
FEA0 7 F2 00 (8 5 TR Bk 38 1T 7™ A A5 L R 458 XL v 49 It
A FE A0 3 O PR IR CP Ry e . WA
75 mL/kg Bf, & FF AR AR E R . AR
BRI % T VA0 o 90 ) 4% BT 0 A K S B R R 4R 9
TR AEFEH .

2 % x #t
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