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Table 1 Chemical composition and epiphytic bacterial cell count of
rice straw

Crude  Crude Crude Water-soluble

MO/'OS/;WE protein  fiber lipids

Epiphytic
carbohydrate bacterial cell

1% 1% 1% 1% count CFU/g
5.26 6.77  26.06  0.38 7.70 2.7x107
1.1.4
MRS-S 2]
81 TIAN GEN Taq
DNA Toyobo RNA
AMRESCO Proteinase K  Molecular
Probes SYBR GREENI HORIBA
B2212 Compact pH meter
QP25050 (GC—MS) Bio-Rad
DCode
BioSpec-miniDNA/RNA/PROTEIN Analyzer
SHZ—82A Alpha Innotech
AlphaEase FC Imaging System
1.15 SFC-2 SFC-2
2% VIV MRS-S

30 10700xg
20 min,
0.22 um
-20
12 IHBREAELFERINEEENE
1.2.1
.30 20 h ODsoo
0.8, 1=<10°CFU/mL 200 uL
: 1h
5.5 mm
10 pL
MRS-S
3 30 24 h
7.0 mm
1.2.2 100 mL
30 mL
45mL K
2.0mL 2% 1>=10° CFU/mL
VIV
control 190~195 r/min

30 ODgo
pH ODgg BioSpec-mini DNA/RNA/
PROTEIN Analyzer (Shimadzu, Japan)

600 nm
Oh

pH  Compact pH meter
[13]

1.3 FEREAHIRNE

5 mL 10700xg 20 min
0.22 um
: CP—Chirasil—Dex CB(25 mx0.25 mm)
50 1 min
7 Imin 100 1 min 17 /min
195 3 min 17.5 min
190 230 75 kPa
36 mL/min 1/20 0.7 kV
1lulL NIST
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70% 100 mL
30
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, DCode
( Bio—Rad, Laboratories, Hercules, Calif)  16S
rDNA V3 PCR DGGE
DGGE [14 15] DGGE
16SrDNA

PCR

PCR PCR TIANGEN
16SrDNA
BLAST DDBJ nucleotide sequence database

GenBank 16SrDNA
MEGA(version2.1) 18

CLUSTAL_X(version 1.81)
Neighbor-Joining N-J

GenBank
EU365679-EU365685
15 SFC-2 E6%. HTHsE8EMEERALA
SRR RE S LA

SFC-2 SFC-2

EF633995-EF634000

M-1 M-2

1.6 AREIEFEEN SFC-2 EA8F LB LEFRINE
E T
SFC-2 2% VIV
MRS-S 30 14 h
24h 30h 36h 42h 48h pH
oD

M-1

17 SFC-2 E6 4B LBRINEFENAIEE
5N

SFC-2 50 80
100 15 min

M-1 M-2

1.8 ZEQDE K MLEM SFC-2 A& i RINEE MR
AL

SFC-2 K
2 mg/mL 37 2 h

M-1

1 mg/mL

2 HERFpi

2.1 R RO IE

63 2 31
5 11 7 12 20

26 SFC-2
>8mm
26 DGGE 3 DGGE
13 10

2 20
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13 DNA
16S rDNA PCR PCR

N-J

13 16S rDNA 9
NCBI Enterobacter
cloacae Klebsiella oxytoca Bacillus cereus Klebsiella

pneumoniae Citrobacter freundii  Klebsiella terrigena

Citrobacter sp. 2 9 7
2 Bacillus cereus
[17
SFC-2
69%
6 (M-1  M-6)
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£ 2 13%kHEHEH 16S IDNA MFHHER
Table 2 16S rDNA sequencing results of isolated 13 bacterias

Closest relative S Accession

Name (Accession number) Idenity/% number

M-1 Bacillus cereus strain B332 100 EF633995
(DQ523499)

M-2 Klebsiella oxytoca 99 EF633996
(AB053117)

M-3 Enterobacter cloacae strain 99 EF633997
(DQ202394)

M-4 Klebsiella pneumoniae 99 EF633998
(AY369139)

M-5 Citrobacter freundii 98 EF633999
(AF025365)

M-6 Klebsiella terrigena 98 EF634000
(Y17658)

M-7 Bacillus cereus strain AU50 99 EU365680
(EF032682)

M-8 Citrobacter freundii 97 EU365679
(AB210978)

M-9 Citrobacter sp. AzoR-4 93 EU365681
(DQ279751)

M-10  Massilia timonae 97 EU365682
(AM237367)

M-11  Bacillus subtilis strain 100 EU365683
(DQ012095)

M-12  Bacillus sp. V4.B 99 EU365684
(AJ244686)

M-13  Paenibacillus barcinonensis 99 EU365685
(DQ363432)

22 SFC-2 E6%&. ENBEE—FHKEE—BEKAL
HEWNFHE N REIBRSESH

2.2.1 SFC-2
SFC-2
8 M-1 M-2
SFC-2 72h
M-1 M-2 100% 1

Lactobacillus fermentum

20 h
20 h

SFC-2
Lactobacillus fermentum

72h,8 M-1 M-2
SFC-2> Lactobacillus(L)
plantarum>L. plantarum+L. fermentum> L. plantarum +

L.paracasei > L. plantarum+L. fermentum+ L.paracasei>
L. fermentum+ L.paracasei> L.paracasei> L. fermentum

(A) ——] 82 —+—3—-—4—4—5—+—6——7—a—8§—8—control
2.0

1.6
%1.2
0.8
0.4
0
20 40 60
(B) t/h
2.0 9.5
1.6 8.5
7.5
Ql2
S T 65
0.8 =
5.5
0.4 45
0 3.5 .
20 40 60 80 0 20 40 60 80
t/h th

1 ABREESR. EAAEAREEMERAIESE
B LiERSMKE M-1(A)F M-2(B)iR A B E K451
Fig. 1 Mixted cultures of LAB (lactic acid bacteria) cell-free super-
natant and indicating bacteria. 1. SFC-2 community; 2. Lactobacil-
lus(L) plantarum; 3. L.plantarum+L.fermentum; 4. L.plantarum+
L.paracasei; 5.L.plantarum+L.fermentum+ L.paracasei; 6. L.fermen-
tum+L.paracasei; 7. L.paracasei; 8. L.fermentum.; control. M-1(A),
M-2(B) of no add LAB cell-free supenatant.

2.2.2 SFC-2
1 8 M-1
M-2 1 1 8
(AA+LA) 2
LA AA
0 EAA:MA; BEAA+LA
2504

¢(Organic acid)/(g/L)
T

0 l_ ] Z “ | ]
1 2 3 + 5 6 7 8
Treatments of LAB cell-free supentant

2 SFC.EERAEMBEMBERATHEGARE EER
HENREE

Fig. 2 Organic acid content of LAB cell-free supentant. Treatment: 1.
SFC-2 community; 2. Lactobacillus(L) plantarum; 3. L.plantarum+
L.fermentum; 4. L.plantarum+L.paracasei; 5. L.plantarum+L.fermentum+
L.paracasei; 6. L.fermentum+ L.paracasei; 7. L.paracasei; 8. L.fermentum.
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3 4 5 7 3 2.3 RABMWIBRELE LERNEERORME
4 5 7 6 SFC-2 L. plantarum L.pl+L.fer+L.pa
7 6 7 50 80 100 15 min M-1 M-2
72h
pH P>0.05 3 1

*3 FAMEABELERALNEEMNAXE BREEFE 2h WEIER
Table 3 Inhibitory effects of the LAB cell-free culture supenatant pretreated by heating on indicating bacteria

Ratio of inhibition/%?

Pretreated
temperature/ SFC-2 community L.plantarum L.plantarum+L.fermentum+L.paracaei
M-1 M-2 M-1 M-2 M-1 M-2
Untreated 100=0.00° 100=0.00 54.81+0.87 66.27+0.53 38.99=+0.66 32.63+0.64
50 100=0.00 100=0.00 54.460.74 66.7920.52 37.51%0.55 31.45%0.77
80 100=+0.00 100=0.00 50.58=+0.86 64.22+0.78 37.54+1.16 30.98=+0.44
100 100=0.00 100=0.00 51.80=+0.19 65.28=+0.50 38.99+0.91 30.14=+0.83

“a”:inhibition rate(IR)= (ODggo control —ODgo treatment)/ ODggo controlx100%; “b™ IR values indicate means+SD(n=3)

24 AEIEFRETEN SFC-2 EERAMEBFRANME M1 M2

1ER 72 h
100%
SFC-2 48 h 25 SFC-2 %M L& 7 ®
( - ERAERRE KR ERINEER
14h 48h SFC-2 SFC-2 K M-1
M-1 M-2 3 4
30 h M-1
30h 27.426 g/L 30h P>0.05 SFC-2
SFC-2
—1—AA —0— LA —A— AA+LA 5t
—A— M-1 ——M-2 3 ﬁ 1@
SFC-2
- SFC-2
—
) g
=} 2
g, o2 el SFC-2
S g s
s g
- Staphylococcus
aureus Listeria mono-
h cytogenes
SFC-2
3 SFC2E&FRAEMRSSEFHPEHNERENEER SFEC-2
BETK
Fig. 3 The dynamic changes in organic acid production and antibac-
terial activity of the SFC-2 community cultivated in MRS-S broth. SFC-2
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FHE K%, A.OD; B.pH

Fig. 4 Inhibitory effects of the LAB cell-free supenatant pretreated
by Proteinase K on indicating bacteria. Control. M-1 of no add LAB
cell-free supenatant; 1.untreated cell-free supenatant; 2. concentration
of Proteinase K pretreatment : 1mg/mL; 3.concentration of Proteinase
K pretreatment: 2 mg/mL.
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Antibacterial activity of lactic acid bacteria community SFC-2 used for fer-
mentation of air-dried crop straws

Jingjing Ma', Xiaofen Wang', Lijuan Gao®, Zongjun Cui*"

(*Center of Biomass Engineering, College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China)
(%Center of Beijing Physical and Chemical Analysis, Beijing 100089, China)

Abstract: [Objective] To evaluate the antibacterial activity of lactic acid bacteria community SFC-2 in fermented crop
straw. [Methods] Total 13 isolates were obtained from spontaneous fermented rice straw by plating, paper diffusion and
Denaturing Gradient Gel Electrophoresis. All these strains were used to determine the antibacterial activity of SFC-2.
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[Results] (1) Phylogenetic analysis of the 13 strains based on 16S rDNA gene sequence data indicated that 9 strains be-
long to Enterobacter cloacae, Klebsiella oxytoca, Bacillus cereus, Klebsiella pneumoniae, Citrobacter freundii, Klebsiella
terrigena and Citrobacter sp., which were all common pathogens or opportunistic pathogens. (2) Indicating bacteria se-
lected from the pathogens were used to detect antibacterial activity of SFC-2 cell-free culture supernatant. The results
showed that: SFC-2 community had stronger antibacterial activity than isolated strains from SFC-2 community or
man-made communities against indicating bacteria. (3) Antibacterial activities of seven different cell-free culture super-
natants, which were extracted at intervals from the culture of SFC-2 community during 14-48 hours, were no obvious
difference, but the content of organic acids were obvious differences during 14-48 hours; the antibacterial substances were
stable after heating and sensitive partly to protease K.

Keywords: Lactic acid bacteria; community; inhibitory effects; inhibitory mechanism
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