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Effects of a Lactic Acid Bacteria Community SFC-2 Treated on Rice Straw
GAO Li-juan, WANG Xiao-fen, YANG Hong-yan, GAO Xiu-zhi> LU Yu-cai, CUI Zong-jun
(College of Agronomy and Biotechnology, China Agricultural University, Beijing 100094, China)

Abstract: Aimed to utilize rice straw and lessen the pressure of environment, the rice straw was used as the fermentation material, and a lactic

acid bacteria community SFC-2 from my laboratory was inoculated into the rice straw to investigate the inoculation effects. After 30 days

fermentations the inoculated fermented straw smelt acid-fragrant, and the pH value was 3.8, which was lower than the control of 4.1.

Furthermore, lactic acid concentration was more than that in the control. Especially L-lactic acid concentration was two times more than in the

control, and the crude protein content was 10.16% higher than that in the control, and the crude fiber content was 3.2% lower than that in

the control. From the patterns of denaturing gradient gel electrophoresis ( DGGE), Lactobacillus plantarum, Lactobacillus fermentum and

Lactobacillus paracasei rapidly became the advantageous species in the inoculated straws. Howevers Enterobacter sakazakii, Pantoea

agglomerans, Enterobacter endosymbiont> Pantoea ananatiss which were predominate in the controls; were not detected in the inoculated

straws, and the fermented quality was improved significantly .
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FAl Rl b e (0 FLER R A & &R SFC-2', B A4 FL
MW C Lactobacillus  plantarum )~ K P FL A & CL.
Sermentum) MR+ W FAFE L. paracasei ) 2H 1. H
MRS-S #5751 L AN 10 g 4 RE 10 g, BEEE
¥ 5 g K, HPO, 2 g0 FTHE IR — 8k 2 g, STREN S g0 FEHE
20 g, il 80 1 mlL, MgSO, *7H,0 0.58 g MnSO, *4H,0
0.25 g, pH A% 6.2 ~ 6.4, 115 °C KK 20 min) JREF
BRR 24 h S bR

IKFERE AT : ok BT A6 48 J7 4 BL 8045 FE B 2004 4
FRWCHR AT I 1T FE AT
1.2 %Wt

BT IIFEFE R 1 ~ 2 em K, INAK R &
K 70% TR, Il MRS-S 85775 9% 24 h 1)
FLIRTE AT R SFC-2 1% 1 x 10° CFU/gC D,
BIS BFE, 60 T 100 mL R D% 3, 30 ¢ 8%
I LU S R B R L 0 A B R X I, 25 15 IRE A, 4
T REETF UGG 5 2.7410-15 F1 30 d #4003 IRE K
Mg LRI |
1.3 AP pH

IR a5, e s (P T AR . FE R
PR IO R 0.5 ¢ BT 4.5 mL TEHIZKH, 4
i )5 A 20 min, UK 0.2 mL % T HORIBA T &=
pH 11 (model B-212, HORIBA, Japan)ll /€ .
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260 °C48 h Mt 5k fite, ik 40 H i, ATk
Bl Cwater-soluble carbohydrates, WSC) (1) & % F & i
Bt i) KL 11 AR s FH LG 2 0, KL 4 1 il
S TR BRI, RELIG 107 (0 5 ) 2R G B s, HLAk
JiiE 3 SCERL8 1P A AR R 0 BREAT
1.5 FERMEREE =Y E

BURTERL 1 g N 2 mL 267K, 7850 P 3 0 ) ¢
R 0.22 pm BEBR, USR5 (GC-MS, model
QP.5050, Shimadzu, Japan)ill & X405 43 #rAE: CP-
Chirasil-Dex CB L B4 F (25 m x 0.25 mm); FE:44
WEFEP: 50 C 2 min 5 LA 5 °C/min & & T+ 2
100 °C, FHEA 15 °C/mind# BETF 42 190 °C, PR FF 2 min,
FL18 mins VIR : 190 °C 5 KM 2% 2 : 230 °C5 K
s e 1.5 kVs B (64 kPa)s it HE: 30
ml/mins FEAE 3R 4 700, 70V EE 1722, BERERE N 1 L.
1.6 TEEIE

FLIR R UHH0E H MRS 15970k H 61 & SFC-2
(3% % H MRS-S 35 77 10 CHE 110 758 250 B 50 RERED
— A SR R E R AR R RE
3.0 g SR 10.0 g, NaCl 5.0 g, Bifli7 15 g, 28 TR/KE
HF1 L, pH 7.4 ~7.6,121 C KB 15 min); I EETE
Ik H PDA Ri 7R 5 R4 20.0 g 8 R 200 ~
300 g, MR 15.0 o, AWK EA 1 L, pH 5.5~5.7,
115 °C KT 20 min) . IR B P AROE TR T % M 7 4k
Jo, FLIR B B 3R 8 T B B A P R A RRA R R,
oAt 2 P FRILE T4, BT 30 CERFE R AR
1.7 DNA [F#2HL

DNA FAI42 HUR F 25 ) - G0 i vkt
1.8 PCR-DGGE /% DGGE 4%t J¥- 41| 73 #r

PCR: & M 51 # 357F-GC ( GC
CCTACGGGAGGCAGCAG-3", H. ' GC-clamp /7 41 4
5'-CGCCCGLCGCGCGLGGLGGGCGGEGCGGGGGCACG
GGGGG-3") Fil 517R(5'-GTGCCAGC ( A/C) GCCGCGG-
3D P AN 16S DNA V3 X 5, ff DGGE 4
BT . PCR R INAKZR A (50 pL): AR DNA 10 ng, 10 x
PCR Gold Buffer 5 pL, 25 mmol/L. MgCl, 4 plL, 7% 2
mmol/L. ANTP V& 5 ¥ 5 pl, 45 pmol/L 357F-GC H
517R %0.5 pL, 5 U/puL. Ampli Tag Gold( Perkin Elmer
Japan)0.2 p. PCR [N 45 F4:95 CHIALNE 10 min,
93 °C 1 min,48 “CiE“K 1 min,72 CZEH 1 minl0 s, 3£
30 MEFS, e JaAE 72 °C N EEM 3 min 50 s. PCR %)
JH 29 (R B IR R U6t e PR kAR

DGGE: X ] DCode™ % 4t ( Bio-Rad, Laboratories»
Hercules, CA, USA) . 28 A J#is IR R A 2 e v ok 6% ~
129%C T & W D, WUk 22 8 0.5 x TAE (20
mmol/L Tris-HCl pH 8.3, 10 mmol/L acetic acid,» 0.5
mmol/L. EDTA), &6 L4 20% ~ 60% [ 100% )
AHE AL A IR %5 7 mol/L, W % 409% (A FA 53
#01, THHE R 200 V F 61 °C FHLYK 5 h, SYBR
Green I( Molecular Probes; Eugene, Ore) %%, 30 min, %%
HMNEEIE A% FR 2 4 BT 45 R0 N DGGE i A (AT (¥
DNA 47, 7EAR 7] 52 B 4% A0 R R IRy 38, 47 184 7= )
£¢ QIAquick PCR purification kit (QIAGEN)4fifk,, J 45
Ty B AN 4 5 JE RTINS T ABL
PRISM Big Dye Terminator Cycle Sequencing Ready
Reaction kit ( Applied Biosystems), 7 ABI 3130xl #ll /¥
1 CApplied Biosystems Japan) Il J7*, 45 1 ik #%2 %
Applied Biosystems 2 7 #AE Ui W] AT .

1.9 % AFRRIT IR R 5T
KRS T3 DGGE 4% J¥ 41 (16S 1DNA V3 X

clamp-5’-
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% pH IR
2.2 MR AL

R 30 d G HAGE Ry R 2 1 s iR
1 RJ 0, 6] B 5 b R IRk b T B == 4 ok
6.37% M 6.35%, & 1 & & 5 0k 5.13% F
5.66%, M E A E O FER ST 10.16%, fL4T
e 53N 33.44% F 32.36 % » F P e ML 4 45
HIFKT 3.2%.
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Fig.1 GC-MS spectrometry maps of volatile products
of the rice straw between the control and the inoculated

with the SFC-2 after 30 d fermentation

GBI AR T D R 30 d FME WL 1 Pr
T8RRI 30 d TR L-FLIR ST RN 7.14 gokg 'y
RN 18.53 gokg™ ' AT A 51 T 159.52% » D-
FLIR & R 5 B0 B & T 113.20% , M FLIR
HIEME RN AR S T 139.49% . LR 5, XA
8.08 gokg ™' NG N 7.82 gokg !, WK UK T
3.22% , MARTLIR 5 LR I bb R 2 5 50o0) HE 3 g
T 147.46% FLIR M SR Z A AT pH BRI, # 3L
Al AT 3 B AR, ORIFIADRHR R T AR LR T
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Table 1 ~ Chemical analyses of the fermented straws

after 30 days of fermentation and control( DM basis)

gE| X I R T %
pH 4.11 3.80 -7.50
MR /g kg ™! 12.66 30.32 +139.49
L-FLHR /g kg ! 7.14 18.53 +159.52
D-FLM /g kg™! 5.53 11.79 +113.20
LR gkg™! 8.08 7.82 -3.22
LR 21 1.57 3.88 +147.46
RS % 6.37 6.35 -0.30
HE A/ % 5.13 5.66 +10.16
KA 4/ % 33.44 32.36 -3.20

2.3 TAETE AL

X AR R PR A, R e AR o (W SR R —
FECAH T FH I BE IR0 R AICEAT T 0 . &5 R an B 2 By
. FHIE 2 /DL, AR R 30 d PN B (R Hq k%
B FLIR W AUUR 2 2 T R IR, Jorh K% 2 d i
LR AT SR, S5 JECFIEE A (K6 J801E 70 ) 4 6.96 A1
7.13 CFU/g, KW 7 d ik 3] g, 23 50 2k 8.22 Al
8.82 CFU/g, LAJ& MU #is/b, BRI 30 d I 230 A
6.16 F11 7.56 CFU/g. — M4 BN K 2 ~ 30 d Y
T I (R, b B RO B/ e
PAITECIVE 2 d I 5 v, 0T RS 2 (10 o8 B0 A8 49 ) Ay
8.78 H17.06 CFU/g, K 30 d 737l FE 5 6.1 F12.0
CFU/g. WERFECR B RT W & 2D, K 30 d Jim, XIS
FERON BB 5> A A 4.05 113,61 CFU/g.
2.4 RIPERE R A D R AR A

XPFERTACIE 30 d W IRk 2R P vl BE AR A HEAT T
PCR-DGGE 734, 4 3 136 2 B, A4 1 % i
MRTER S 2 ~ 30 d L2 A4ty , 76 B 16 A
ity & BLAST 04 FE LLoxy, FZir & i b
Enterobacter Pantoea

sakazakii » agglomerans s

Enterobacter endosymbiont 1 Pantoea ananatis %5 32l .
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Fig.2  Viable cell count of lactic acid bacteria and bacteria and yeast with fermentation time
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Fig.3 DGGE profiles of the rice straw between the

control and the inoculated

SRR SFC-2 AN TRAT G, 5 AR B A I %)
HEAH LE, I B R A RBOCR . 1 SE e Al R IR
pH HVHN [, R AT HF A 8% 2 d J5 pH A JSUR B}
6.3 B&A 4.0, MARER N 4.5 %R 2R, 24 pH
ICT 5 LU I S 28 O 1% a7 %) A K e 4 g ) 28
e AT 1A K0 R U 8 T T 5 T A1 2 0 W A 2
HAL R IR, AL R WERHR AL, AT T Al A7 55 1
B/‘J/_:E‘L/ﬁ[m.
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Table 2 Identities of PCR-DGGE bands in Fig.3

s S Has AL %
1 Uncultured bacterium AF499356 96.9
2 Uncultured bacterium AB254251 100.0
3 Enterobacteriaceae bacterium AY538694 99.5
4 Enterobacter sakazakii AY752936 91.0
5 Lactobacillus paracaset DQ199664 99.5
6 Pantoea agglomerans AMO050139 100.0
7 Lactobacillus fermentum LCE575812 97.9
8 Lactobacillus gassert AM117166 96.9
9 Lactobacillus apis AY667701 98.4
10 Lactobacillus farciminis AY341562 100.0
11 Pantoea ananatis AY173023 100.0
12 Enterobacter endosymbiont AY753173 100.0
13 Lactobacillus fermentum AM117178 98.4
14 Lactobacillus plantarum A1.935258 99.3
15 Uncultured bacterium AB254251 9.1
16 Uncultured bacterium DQ221347 99.5
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R0 D-SFLIR B R g AR A 1 7 ol e AR i 70 L e
& 1 FPIBRF, AT EE S R IS D, B g & T
AHLAE, V504 Ak T8 P9 TR 52, AT 3l fe ) | DA ok
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