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Inhibition of Streptococcus mutans and Its Biofilm Formation by
Lactobacillus plantarum FB-T9

ZHANG Qiuxiang, HUANG Yin, YAO Peilin, ZHANG Hao, CHEN Wei
(School of Food Science and Technology , Jiangnan University , Wuxi 214122, China)

Abstract: In order to screen probiotics that had a inhibitory effect on Streptococcus mutans and its
biofilm formation,lactic acid bacteria were isolated from oral samples and feces of healthy people
and fresh vegetable leaves,among which 12 strains that could significantly inhibit the growth of S.
mutans were selected to detect their abilities of inhibiting the biofilm formation of S. mutans. The
abilities of auto-aggregation,co-aggregation,self-biofilm formation,surface hydrophobicity and
surface acid-base charge of these strains were tested ,and finally Lactobacillus plantarum FB-T9 was
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selected by PCA analysis. The inhibition of biofilm formation of S. mutans by FB-T9 at different
time was further studied. To investigate the survival adaptation of FB-T9 in oral environment,the

adhesive capacity to saliva-coated hydroxyapatite and lysozyme tolerance of FB-T9 were measured.

L. plantarum could strongly inhibit the growth of S. mutans and its biofilm formation and showed

ideal characters. The adhesive capacity of this strain was 32.93% and the maximum tolerated

concentration of lysozyme was 1.2 mg/mL. The results showed that L. plantarum FB-T9 could be a

potential probiotic to prevent dental caries.

Keywords: Lactic acid bacteria, Streptococcus mutans ,dental caries, antibacterial activity, biofilm
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Table 1 Inhibition of LAB strains on the growth of S. mutans

T B K /N mm
FH P X6F 16 IR 18.69+0.04
I Y L1-1 15.11x0.11
3701 L1-3 14.11x0.31
M Y L1-4 13.98+0.14
I L1-6 10.57+1.68
IR Y 12-1 15.67+1.56
I 23A 11.79+0.79
3701 D135 15.91+0.24
M Y 12A 8.71x0.57
i 12-3 13.93+0.83
Al L2-5 12.18+1.18
ZRT] 12-6 14.95+0.11
I Q8 0
I LBS1C 14.12+1.43
R X1-1 14.30+0.45
R X2-1 15.88+1.27
SRS 5L 5C-2 12.88+0.79
S R 5C-3 15.63+0.65
SR 5 5C-4 0
SR 5C-5 14.3+0.74
SR 5D-3 15.17+0.08
SRS 5 TE 13.24+0.96
Jie w1 i K LP-10 14.03+0.05
Jie i i 7K LY-103 16.77+0.62
Ji i B K LP-234 13.65+0.79
Ji i p 7K LPZ-14 16.05+0.38

R B K /N mm
gl FB-T9 17.82+0.31
FefE FB-T1 15.06+0.38
ZEf 14931 8.62+0.41

1St 7-1-8 10.81+0.83
SPdly 7-1-18 16.24+0.29
SRS 7-1-21 8.79+0.34
SEAUN 7-1-22 0
SESUS 7=1=25 16.85+0.37
SP3ly 7-1-28 14.33+0.49
SEdly 7-1-29 9.05+0.87
SP3ls 7-2-29 0
2% snf 81 13.96+0.42
2= 3ont 8-3 0
2 et 8-7 10.01x1.25
> sknf 8-10 13.06+1.01
R 10-9 14.80+1.28
3t 10-11 10.65+0.61
Rt 12-22 17.01x0.17
Wt 12-26 14.83+0.41
et 12-31 15.07+0.08
H N 12-39 13.55+0.93
et 12-32 10.11+0.33
0 12-52 8.55+0.32
HA 12-60 0
el 12-62 14.94+0.51
Rt 20-11 14.18+0.54
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13-15 ,24-35 12 R BEAT IS 22 10 01 18 52 56
2.2 H# S. mutans ¥ PR T B FL B B B9 0 i
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Table 2 Effect of LAB on S. mutans biofilm formation (x+ s)

PC-T4 47342142 438 13.80+0.86
LPZ-14  33.59:0.65 5D-3 -30.93+1.02
LP-11 43561091  7-1-18 45.12+1.71
FB-T9 60.33+1.87 12-22 26.51:0.79
381 ~62.09+1.03 13-15 47.57£0.66
430 _34.71:0.67 24-35 ~60.15+1.10

A S ZL R B U LPZ-14 FB-T9 5 X} A5 5 4% BR
ALY A ) TS B4 TR B AT #0  4 FR  PC-T4 5D -3 4%
DS A AR P SRR 100 5 ok 3t R T
HAARIE . HA B 66 e 1 i 25 4 v, T 2L AE
P 14 2 S 2K A 1 [ B 3 400 1) EG AR W BB P TR L
23 HFNERE AR E
231 HuEskaRaeHnz BHIAKHRGE
15 LA B A A0 0 BB A — A O B
5 ] TR AR BB T A TR AR | S B BB 0 T A0 AR R R
FI 2R A8 7 o I U W 2 TR R TE R P A AR K BT
JIEEES AN R T AE 1 s B85 v 9 58 B 5 H B e Y 4
NF6 AR AE 7R — S O B0 T 5 R O R
P —NEZERERE LGSR B
11 e 191 2R 7 A S TR R T R TE AR S 1 4R R
FIITREE . N 3 ML s b aT LIE I, w1 0 (4
h) o 0 R AR Y 2R R D75 55 AN R (8.319%~35.09% ),
1T I 1 2R 45 SR 2 A i A1, PT e DAL 0 5 I T) Frg AN
I 0 R ) 2 S
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®3 TEEEXSNERNERED AW, BB BRI 7.3%~22.5% ., Wk 381,
Table 3 Auto —aggregation ability of LAB at different 12-22 FB-T9 LPZ-14 H.4 %k B4 iy 5
tme T BETE A R R T i FL g R O U 5

BREEHEBR A fE

233 BB A KRB R R A R

GRUIERYS

PC-T4 1445£1.13  2596+1.06  69.307+0.38
5D-3 27.14x133  3333:1.83  67.90£0.46 TORLAKOVICEEA RO BFTE 4 1 B 122 57 BERK A
381 5604170 2254098  70.19:2.01 LA R AOSUBCRT R £ D 159 TR L 7T BE S
430 300110 11.22+124  73.62+1.59 TR J A 0GR o 2 2R T TR PR 2R PR
438 9033136 1402:082  4833:0.59 ROIE I EE G ELBE . O 1 ORUEE AT Dby 25 24 T A 1
12-22 501074  1291:032  53.63+2.24 WA S AR W R BT B, B A g e
FB-T9 28.52+043  35.09:026  64.63+1.65 WL RE 1S AT eI, I 1 SR g A5 2R n] L
24-35 11455083 32.66:0.88  44.89+2.08 F M T 2 EREEE S, mutans TR AW IE 10 e
13-15 9.20£0.65  21.59+037  71.04+0.37 F7 R R R Y R RE 1 i R Hoh
LP-11 0.82+0.61 8.31+1.09 20.87+0.61 BBk 381.430 FB-T9 il LPZ—14 [ & J& % A ¥y i
LPZ-14 10.77+0.86  12.77+249  28.06:0.26 FBE A G L 22 1 112 1 I o 1 I T B R
7-1-18 932134 1773179 66.48+0.85 A A W T
232 AmMBEHEREHGNE FAEWESEUR
PRI (1 S R R ) R 4 AR T R HE AR AR T BRI — A 0y
BT . QAR S A TR RE S S 11 R I B B0OW TR 25¢
AL R VR A A | )RR T AR AT O A BT 20|
Yol 11 f v U 0 SO B AR, DA T D2 B0 TR R 15|
1 P £ 5 B < ol
M 2% 4 RS2 5625 S nT LLA 1,2 h B A 000 7k os
(1% 5 2R B 7 A A, T 8 i R B0 100 1 0 R vk
ARG AR AR EAE R, 1T 4 b 09353 R ) 1
WK UL T 0 T 0 5 7 R R A 1 SRS AIERDIEIT
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x4 FAEBETHUEMNLRESD
Table 4 Coagregation ability of LAB at different time % B 1 fFERE SR A6

Fig. 1 Biofilm formation ability of LAB
t N s e
0 i : 234 B ERAB RN E B E T

— — — ARG, 6 1 B AR R P g ] 2 6%
5D-3 5.82+0.10 13.72+0.07 HYSC g 2 A AT LU R B PC—T4 FB-T9 438,13~
281 0.60£0.05 17192020 15 Fil 24-35 HAT 8 0 B K M, T R XS 1 b Bz 4
430 6920, 0.0340.00 L F R BRE 75, T A ) AT 35 R R T P A 2 B
438 443038 7.62+0.45 23.5 FERE A ® BB NE  E KR
T 13.9220.10 21.00:0.46 P, 0 2% 115 K 1 R T R PR o 5 TR Rk 2 )
2435 3.9040.46 11.49£0.39 5 B 2 ) A R R S R B A OGP R R A
FB-T9 8.6940.57 15.26+0.33 AU ) TR L 7 AT 1 1 P fir AS 23 4R 0 2R W R 1Y
13-15 1.69+0.39 8.43+0.12 TR, RO ae M il HIE s, B2 5 Bosmgs 8 nl L
LP-11 4.600.09 12.37:033 A AR B AR FB-T9 1 438 H AT 45 31 A8 A iR i H
LPZ-14 7.76£0.22 16.67+0.32 T PRI, X 5 B AT B A 259 i AR S5 B8 BR o AR W I
7-1-18 8.28+0.35 12.410.11 R 45 RO —FL
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Fig. 2 Surface hydrophobicity of LAB
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Table 5 Acid and alkali charge of the surface of LAB %

PC-T4 54.68+0.74 13.43+0.03
381 79.47+0.10 4.94+0.26
FB-T9 34.52+0.61 20.32+0.05
430 51.91+0.84 13.52+1.44
438 52.22+0.44 24.96+0.23
12-22 52.14+1.71 10.92+0.17
LPZ-14 42.06+0.93 13.53+0.84
7-1-18 35.51+0.26 7.60+0.89
13-15 34.48+0.90 9.08+0.16
5D-3 61.53+0.59 2.07+0.68
LP-11 63.65+0.75 10.25+0.58
24-35 61.89+1.19 5.44+0.07

24 EHRMEREESW

FIH PCA 43 #r 7 i ok DF- 1 L R 127 A0 T8 Ak A
S0 S, mutans A=Y LA RE T, DI G HH L
BIEFEINH] S, mutans =) BEIE A B FLER A . B
72 mr 1 3 (a) Al 0, EE A 4 A R (15
— E AL (PC1) FEASE 7 v () 5Tk % R 35.62% , FFAIF
JE B KM R LA FIBH A 5 55 A (PC2) FE AR
U BTHRR N 22.28% , FRIEJE H R BE S50 — &
B4 (PC3) FERL RS 1 () BT R 3l 16.24% , FAiE & A
B A= W) Y 1R 77 5 56 DU 3 W4 (PC4) 78 B AL v iy
TR 13.66% , FEfE 2L R a8 01, HFiT5r &l 3
(b)FIE 3(c)Bmn T AR WM 4310 . I FIF
B 3(b) AT UAE I A E R 1R 2 B2
By E AT 3 FREE 439k PC-T4 13-15 1l FB-
T9; N T 343 3(c) BRI LAE H 78 F 5 3 Al

F RS 4 LEEA R E A AR, 2 5 FB-T9
I LPZ-14, Z5AF K, Bk FB-T9 F I H 55 = 1 25
GRE T S5 U B 2 AL E A DA VR R ) AR R
BRTA A Y B T 1 2 B R AP TR AR A FB-T9

100 NCES

0.75 IR,

0.50 fied] e Bkt m

0.25

0 | ]
_ *

0351 ey A
-0.50 it fiy
075 \wpct apc2
-1.00 @ PC3 @®PC4

-1 -0.75 -05 -025 0 025 05 075 1
PCI1 (35.62%)

(a) A #oqr
2
5D3e 2435
1 135
s 7448 FBT9
&0 .
a 3g? 1232
S 438°
o
-1
Lef
Lpz14 | *430
-2 L]
-3 -2 -1 0 -1 -1 -1
PC1 (35.62%)
(b)PCIFIPC2HI A T 1E4y
25
2 FBT
15
1 LPZ]
~ . 1222
€05
ey 7448
<+ 0 o
3 38! 5D3
m—O.S 24—55 M 135
] 430 pegy
- 9,
438% b1y
-15
3-25-2-15-1-050 05 1 15 2 25 3
PC3 (16.24%)
(c)PC3FI PCAY R T-PF )14
B3 THASNIABREEKRSTSE
Fig. 3  Graphical representation of the principal

component analysis of LAB properties
25 HWEHKRHERE

LT 16S rDNA R 9 i AR SE 31, %) B B

LRSSt HRLZIR 2019 £ 3BELE M




RESEARCH ARTICLE

ZHANG Qiuxiang,et al: Inhibition of Streptococcus mutans and lts Biofilm

Formation by Lactobacillus plantarum FB-T9

FB-T9 #4750 ¥ %0 , 45 R R W W bk FB-T9 19 16S
rDNA J3 51 5 4 9 FLFF 37 51 B AT 100% 1 [R5
A L) ) 58 B vk FB-TO AW FLAT B
2.6 HEYIEFE FB-TI It 5333 7 5 Bk & £ ¥ IR
T B B %2 i

HR Al 1 22185 N IF 9% 45 R, A8 S 4 K 7
WIEW 20t 24 h B FEATE B, B RO A 2 A&
.0 h 4R FFEA KGR 56 h A1 BT AR A, A IR
BT 25 KT 1 S B 4 5 B 12 h, U AR W RO
URIE R ;24 h B R A YRR O 2 AT 1 i 2 48
h, 725 54 BR A AE PR O 28 i

g S AE W FLAF T FB=T9 B4 5 i 7] Xf 725 5
BEER A WA F2 R, 7E 0.6 .12 h B 43 ) AR S e

50 pm

(a)24 WA IR (JCFB-T9)

50 ym

(c)0 M/ $H557 424 h

(e)12 W+ FH5 5424 h

()24 hr F4RELRTFE24 h

PR 32 W b i A FB-T9, Bl 5 55 37 % 24 h, i@ i
VOG5 U WL 7 S 4 K T 1) AR W I 5 A
Bt 8 % 6 1] A 1, AR 24 h (181 4 (a) ) ) 48 h(
4(b)), BATEXT BRZH T S. mutans M=) BE 00 298 Y608 1
AT ARG K, 45 0 2 7 4 BUR AR IR P i
WIEHIE R, 72 0 h( 4(c))IIA FB-T9 4 1557
F 24 h )i, POt R AL, YA FB-T9 = H i 1
S. mutans WK ;76 6 h(E 4(d) N FIEH IR 2 24
h, BB B F WG (A5 LR 2, LW 6 h S.
mutans FF UG KGR 1B 2 )5 B F FB=T9 M A, #4i
T S. mutans WREFH ; AE 12 h(& 4(e) )50, H
T S. mutans C I EFE , P AR D R B K,
B 5B A FOR A (452 6, U6 BH S, mutans W) A FT

(b)48 hf fE41 CLFB-T9)

50 um

(d)6 W S8 752424 h

(c)48 h/r G4k 857724 h '

B4 HAERERMBETHEYELSHE
Fig. 4 CLSM images of biofilm structure

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.9 2019



WA, 5 M SUAT I FB-TO 7 4 T 4 2k 1 A 2 £ 4 LT A, 49 AF 52

HRBX

A=Y TE B3z 2 T 3

HF%5L S, mutans Y IETE BUE FB-T9 0 i
YEHT,7E 24 h IFAINA FB=T9 /5, 5532 5] 48 h Wi5¢
Y ELE R, AT LA BIEE 24 h(E 4(0) A Skl F
S. mutans F YR E S FEATE 1L, B B0 H /)N 1 FR A A
REEH , HARXT T 12 h(E 4(e) )T 95 9 i 2
B (BT 24 h FIPEXTRE (& 4(a)) , 090
1 AR D 2 A 4 08Ok U] FB-T9 Xtk
Py RS v 1) B AR A B S R A AR 25 4 A B
BB IRAE T M 7E 48 h A5 i T S. mutans 7k
YIRS C 2 B3, A 5 B B0 ) A Bk 25 4, T
EREMS, HREMET 48 h EAEX R (K 4
(b)), B& T A9 0srb id BU B 1o B BH 8 36 K AR, A
YIRS Z5 K AT i 2 28 Ak UEBIAE S. mutans A5 P B g
LG FB-T9 WA SRR IR BRAR DA ] HfE 8,
MY FLFFE FB-T9 7E S. mutans =¥ FEFE a3 19
A R R I AR S R R O RS B D
B, kAR W B2 R 4 T R B0 WD e o A
FH, HLXF T 08020 25 B 397 A= 9 R e 7 35 81 1 R
BOR
27 HEYEAFE FB-TI MERERIEB KA
Bft BE 71 B9 i TE

NV 1) F2 B o0 M R K A IR AR S—
HA BN H AW, FEA Y FLAT T FB-T9 X F
THT (P ORG BRERE . 926 25 3 o A LA I FB-T9
X S—HA HRE B3 K 32.93% , & MK T 748 S 4 BR A
XF S—HA ARG B3R (P <0.05), X % HAEY 7L
FB-T9 X 24 T 14 K B 1 A K, AN & 78 2 i e 1
K A X A 1A TR ol W 1) T RE 4 /N
2.8 #EWITE FB-T9 3 A FH BRI Z 6 B 17

SIS R B R 7E 0~1.2 mg/mL BTk E 1Y
VS TRl HE AR AN 52 I A ) FLAT I FB-T9 A= K (A2
4% TR il IO VR R 1.4 mg/mL B B R AR K

SE Mk

JEAH K A 5E9R A5 /N T RE D R 76 A A LT B FB-
TO ) X 1% T i it 22 1) I 5L o Wk B A T 1.2~1.4
mg/mL Z 8], RIAE P ZLAF 1R FB-TO X %5 B i 119 45z 55
i A2 JR e FE A 1.2 mg/mD™ VF 5 B 5286 45 S e
e BN I s e YR P V7 R 8 5T o R B (0~57 pg/mlL),
X U IH T T R L A 1 IR BE TR A Y g

1.6 -
14+
1.2
1.0 -
0.8

A 600 nm

0.6 -
0.4
02

0.0

0 02 04 06 08 10 12
VAT R (mg/mLL)

BS HYAFEFB-TI EARREREREBE TESR
24 h EKBER
Fig. 5 Growth of L. plantarum FB-T9 at 24 h in different

concentrations of lysozyme

MR

A N F) A T 3 B A5 B — o X A% S B oK
TR B8 A R R A W A 1R A 40 1) 28R B A FL
B FB-T9, L. plantarum FB-T9 ) B/ Ffig B &
FH S, mutans WK B FDE B, 3 T4 ) A= ) BEE
B, HLREA R A= Wy b B 5 AR, A X
X 2 T 2R B AR AR B 3R DR I e T R R R
il vie BE (0 2508 R SR R 47 0y i 32 M W] FB-
T9 &N A s AW EGE, BT L plantarum
FB-T9 7E (0T HI T £ & Fh ) 44 5 22 51 Al LA Sy
LA A AR AR IS N T B v, LR e = e e
AR HE ERE &5 A B i 78 7 LB RN 1
JEUE A b AR

1.4 3.0

[ 1] LU Zhangmin. New ideas and research direction of dental decay [J]. Chinese Journal of Stomatology,2015,50 (2):65-68.(in

Chinese)

[2 1 MARSH P D. Dental plaque as a biofilm and a microbial community-implications for health and disease [J]. BMC Oral Health,

2006,6(1) :S14.

[3 1 WANG Chenglong, SU Donghua, LIU Jjiaojiao,et al. Isolation and identification of Streptococcus mutans strains with different

genotype from clinical samples[J]. West China Journal of Stomatology,2013,31(1):80-85.(in Chinese)

[ 4 ] SHI Airong. The characteristics and situation of prevention and control of domestic children's dental decay[J]. Youjiang Medical

LRSSt HRLZIR 2019 £ 3BELE M



RESEARCH ARTICLE ZHANG Qiuxiang,et al: Inhibition of Streptococcus mutans and lts Biofilm
Formation by Lactobacillus plantarum FB-T9

Journal,2014,42(4) .487-490.(in Chinese)

[ 5]1QU Yanmei. The harm and prevention and control of children's dental decay [J]. General Oral Medical Electronic Magazine,
2015,7(2):14-15.(in Chinese)

[6 ] ZOU lJing. The risk assessment of children's dental decay [J]. West China Journal of Stomatology,2014,32 (1):1-4.(in
Chinese)

[71ZHAO Chen,HUA Hong,YAN Zhimin. The research progress of probiotics for the prevention and treatment of oral diseases[J].
Journal of Oral Science Research,2016,32(4):4184-4120.(in Chinese)

[ 8 ] CAGLAR E,CILDIR S K,ERGENELI S, et al. Salivary mutans streptococci and lactobacilli levels after ingestion of the probiotic
bacterium Lactobacillus reuteri ATCC 55730 by straws or tablets[J]. Acta Odontologica Scandinavica,2006,64(5):314-318.

[ 9 ] MEURMAN J H,STAMATOVA 1. Probiotics : contributions to oral health[J]. Oral Diseases,2007,13(5):443-451.

[10] BOSCH M,NART J,AUDIVERT S, et al. Isolation and characterization of probiotic strains for improving oral health [J].
Archives of Oral Biology,2012,57(5) :539-549.

[11] YAO Peilin, LIU Sisi,ZHANG Ning, et al. Screening and research of a probiotic lactic acid bacteria against dental caries in vitro
[J]. Food Industry Science and Technology Magazine,2015,19:347-351.(in Chinese)

[12] LI Jing, WANG Yao,DENG Maocheng. Screening and characterization of an excellent Lactobacillus isolated from Pikle[J]. Food
Industry Science and Technology Magazine ,2016,37(6) :229-232.(in Chinese)

[13] KHAN R,ZAKIR M,KHANAM Z, et al. Novel compound from Trachyspermum ammi(Ajowan caraway) seeds with antibiofilm
and antiadherence activities against Streptococcus mutans: a potential chemotherapeutic agent against dental caries[J]. Journal of
Applied Microbiology,2010,109(6):2151-2159.

[14] WEN Z T,SUNTHARALIGHAM P,CVITKOVITCH D G,et al. Trigger factor in streptococcus mutans is involved in stress
tolerance ,competence development, and biofilm formation[J]. Infection & Immunity,2005,73(1).:219-225.

[15] SAMOT J,LEBRETON J,BADET C. Adherence capacities of oral lactobacilli for potential probiotic purposes [J]. Anaerobe,
2011,17(2):69-72.

[16] BRi. 4 A= LI w1 09 B A1 A LRI BF5E[D). Jo8 - 10 R, 2014,

[17] CUI Yanting, WANG Yang,LI Pinglan. Selection and ldentification of lactic acid bacteria strains for fermented meat starter
cultures[J]. Journal of Food and Biological Technology,2011,30(2):239-244.(in Chinese)

[18] LYNCH D J,FOUNTAIN T L,MAZURKIEWICZ J E,et al. Glucan-binding proteins are essential for shaping Streptococcus
mutans biofilm architecture[J]. FEMS Microbiology Letters,2007,268(2):158-165.

[19] ZHAO Hongping, Wu Buling, Su Linyun, et al. In vitro investigation of the adhension properties of glucan-binding protein D gene
inactivated mutant of Streptococcus mutans[J]. Journal of Clinical Oral Medicine,2012,28(6) :604-607.(in Chinese )

[20] WANG Qiangyi, WANG Shuai,DONG Li. Identification of vaginal Lactobaciluus isolated by 16S rDNA saquencing and
characteriztion of the hydrogen peroxide production and autoaggregation activities of the predominant strain[J]. Chinese Journal
of Microecology,2014,26(10):1117-1122.(in Chinese)

[21] XUE Long, WANG Lihe, LIE Hongbing, et al. Antibacterial effects of Lactobacillus salivarius W22a on the periodontal pathogens
[J]. Journal of Oral Science Research,2016,32(10):1042-1046.(in Chinese)

[22] TORLAKOVIC L,KLEPACCERAJ V,0GAARD B, et al. Microbial community succession on developing lesions on human
enamel[J]. Journal of Oral Microbiology,2011,4:16125-16132.

[23] RIBEIRO S C,0O'CONNOR P M,ROSS R P, et al. An anti-listerial Lactococcus lactis strain isolated from Azorean Pico cheese
produces lacticin 481[J]. International Dairy Journal,2016,63.18-28.

[24] FAVARO L,BASAGLIA M,CASELLA S, et al. Bacteriocinogenic potential and safety evaluation of non-starter Enterococcus
Jfaecium strains isolated from home made white brine cheese[J]. Food Microbiology ,2014,38(2):228-239.

[25] TANG Zisheng,ZHU Min, LIU Zheng. The observation of the architecture of Streptococcus mutans biofilms[J]. Chinese Journal
of Microbiology and Immunology,2004,24(2).103-106.(in Chinese)

[26] YANG Juan,OU Cuocheng, CHEN Jian,et al. Screening of oral lactobacilli and research of its probiotic properties[J]. Journal of
Microbiology ,2013,53(4) :403-408. (in Chinese)

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.9 2019



