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Dental caries is the most common disease in the oral cavity 
and a chronic bacterial infectious disease. The major causative 
bacterium of dental caries is mutans streptococci (Loesche, 
1986). Mutans streptococci are composed of Streptococcus

mutans, S. sobrinus, S. downei, S. rattus, and S. crecetus (Kawa-
mura et al., 1995). Among them, S. mutans and S. sobrinus

inhabit the human oral cavity.
  In recent years, natural extracts of plants have been used 
as antibacterial agents in traditional medicines, and have at-
tracted considerable interest in the prevention of dental caries 
(Lee et al., 2003; Lim et al., 2003; Limsong et al., 2004; Song 
et al., 2007; Sampaio et al., 2009). Ethanol-extracted Phelloden-

dron amurense (PA) and the powder of Galla rhois (GR) have 
strong antimicrobial activity against S. mutans. Methanol-ex-
tracted Coptidis rhizome (CR) exhibits antimicrobial activity 
against S. mutans, inhibits acid production, inhibits the glyco-
syltransferase activity, and has anti-adhesion activity for S. 

mutans (Jang et al., 2000; Choi et al., 2003; Kwak, 2004).
  Generally, type strains of mutans streptococci are used to 
test the antimicrobial activity of natural extract against mutans 
streptococci (Xiao et al., 2006; Islam et al., 2008). However, 
it is unclear if the antimicrobial efficiency of natural extracts 
on the type strains of mutans streptococci is the same on 
the clinical strains. This laboratory isolated 77 clinical strains 
of S. mutans and 18 clinical strains of S. sobrinus from 88 
Koreans (Yoo et al., 2007). This study examined whether the 
antimicrobial efficiencies of methanol-extracted PA, CR and
GR against type strains (S. mutans ATCC 25175

T
 and S. so-

brinus ATCC 33478
T
) are the same as those on 55 clinical 

strains, 40 strains of S. mutans, and 15 strains of S. sobrinus.
Based on the results of this study, a bacterial model system is 
suggested for screening anti-caries natural extracts and deter-
mining the optimal concentration of them for the develop-
ment of oral hygiene products for Koreans.
  Dried PA and GR were purchased from Donguihanbang 
(Korea) and dried CR was obtained from Borin Herb (Korea). 
Each dried plant was reduced to powder using a pulverizer 
(HMF-100; HANIL Electric Co., Korea). After adding 500 
ml of methanol to 100 g of each plant powder, the solution 
was mixed in a shaking incubator at room temperature for 
48 h. The extraction solution was filtered through No. 1 
Whatman paper (UK) and concentrated with a rotator evapo-
rator (80 rpm, IKA, RV 10, Korea) at 40°C. The extracts were 
lyophilized with a freeze dryer (LABCONCO, UK). The ex-
tracts were suspended in dimethyl sulfoxide (DMSO; Sigma, 
USA) to 200 g/ml.
  The S. mutans ATCC 25175

T
 and S. sobrinus ATCC 33478

T

were purchased from the American Type Culture Collection 
(ATCC, USA). The clinical strains of S. mutans (KCOM 1088, 
KCOM 1091, KCOM 1092, KCOM 1095, KCOM 1097, 
KCOM 1111, KCOM 1112, KCOM 1113, KCOM 1116, 
KCOM 1117, KCOM 1118, KCOM 1123, KCOM 1124, 
KCOM 1126, KCOM 1127, KCOM 1128, KCOM 2762, 
KCOM 1136, KCOM 1137, KCOM 1139, KCOM 1142, 
KCOM 1143, KCOM 1145, KCOM 1146, KCOM 1197, 
KCOM 1200, KCOM 1201, KCOM 1202, KCOM 1203, 
KCOM 1207, KCOM 1208, KCOM 1209, KCOM 1212, 
KCOM 1214, KCOM 1217, KCOM 1219, KCOM 1226) and 
S. sobrinus (KCOM 1061, KCOM 1150, KCOM 1151, KCOM 
1152, KCOM 1153, KCOM 1157, KCOM 1158, KCOM 1159, 
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 Minimum bactericidal concentration of P. amurense, C. rhizome, and G. rhois against mutans streptococci

Species & Strains
MBC (mg/ml)

Species & Strains
MBC (mg/ml)

PA CR GR PA CR GR

 ATCC
a
 25175

T
1 0.25 0.5 KCOM 1200 0.25 0.5 1

KCOM
b
 1054 0.5 1 2 KCOM 1201 0.5 1 1

 KCOM 1085 0.5 0.125 1 KCOM 1202 1 1 2

 KCOM 1087 0.5 0.5 0.5 KCOM 1203 0.25 1 2

 KCOM 1087 0.25 0.25 2 KCOM 1207 0.5 1 2

 KCOM 1091 0.06 0.5 0.5 KCOM 1207 0.5 0.5 1

 KCOM 1092 0.125 0.5 0.5 KCOM 1209 0.5 0.5 1

 KCOM 1095 0.25 0.5 1 KCOM 1212 2 0.5 1

 KCOM 1097 0.125 0.5 0.5 KCOM 1214 0.25 0.5 0.5

 KCOM 1111 2 1 2 KCOM 1217 0.125 1 2

 KCOM 1112 0.125 0.5 1 KCOM 1219 0.5 0.5 1

 KCOM 1113 0.5 1 2 KCOM 1226 0.25 0.5 2

 KCOM 1116 1 1 0.5 ATCC 33478
T

0.125 0.5 0.25

 KCOM 1117 0.125 0.125 0.5 KCOM 1061 0.5 0.5 0.25

 KCOM 1118 0.125 0.5 0.5 KCOM 1150 0.25 0.5 0.5

 KCOM 1123 0.125 0.5 2 KCOM 1151 0.25 0.25 0.25

 KCOM 1124 0.25 0.5 0.5 KCOM 1152 0.25 0.5 0.5

 KCOM 1126 1 1 2 KCOM 1153 0.5 0.5 0.5

 KCOM 1127 0.5 0.5 2 KCOM 1157 1 1 1

 KCOM 1128 2 0.5 2 KCOM 1158 0.5 0.5 0.5

 KCOM 2762 0.5 0.25 1 KCOM 1159 0.5 0.5 0.5

 KCOM 1136 1 0.5 2 KCOM 1185 0.25 0.5 0.25

 KCOM 1137 0.25 0.5 0.5 KCOM 1191 1 0.5 0.25

 KCOM 1139 0.25 1 0.5 KCOM 1193 1 0.5 0.5

 KCOM 1142 0.5 0.5 2 KCOM 1196 1 0.5 1

 KCOM 1143 0.25 0.5 1 KCOM 1221 1 1 0.25

 KCOM 1145 0.25 0.5 2 KCOM 1228 0.5 0.5 0.5

 KCOM 1146 0.25 0.5 1 KCOM 1218 0.125 0.5 0.125

 KCOM 1197 0.5 1 2

PA, P. amurense; CR, C. rhizome; GR, G. rhois; ATCC, America Type Culture Collection; KCOM, Korean Collection for Oral Microbiolgy.

 Summary of MBC values of P. amurense, C. rhizome, and G. rhois of against the clinical strains of S. mutans and S. sobrinus

Concentration of
extracts (mg/ml)

S. mutans (no, %) S. sobrinus (no, %) Total (no, %)

PA CR GR PA CR GR PA CR GR

0.063 1 (2.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8) 0 (0.0) 0 (0.0)

0.125 7 (17.5) 2 (5.0) 0 (0.0) 1 (6.7) 0 (0.0) 1 (6.7) 8 (14.5) 2 (3.6) 1 (1.8)

0.25 12 (30.0) 2 (5.0) 0 (0.0) 4 (26.7) 1 (6.7) 5 (33.3) 16 (29.1) 3 (5.5) 5 (9.1)

0.50 13 (32.5) 24 (60.0) 11 (27.5) 5 (33.3) 12 (80.0) 7 (46.7) 18 (32.7) 36 (65.5) 18 (32.7)

1.00 4 (10.0) 12 (30.0) 12 (30.0) 5 (33.3) 2 (13.3) 2 (13.3) 9 (16.4) 14 (25.5) 14 (25.5)

2.00 3 (7.5) 0 (0.0) 17 (42.5) 0 (0.0) 0 (0.0) 0 (0.0) 3 (5.5) 0 (0.0) 17 (30.9)

Total 40 (100) 40 (100) 40 (100) 15 (100) 15 (100) 15 (100) 55 (100) 55 (100) 55 (100)

PA, P. amurense; CR, C. rhizome; GR, G. rhois

KCOM 1185, KCOM 1191, KCOM 1193, KCOM 1196, 
KCOM 1221, KCOM 1228, KCOM 1218) were obtained from 
the Korean Collection for Oral Microbiology (KCOM, Korea). 
All strains were cultured in Todd Hewitt (TH, Difco, Lab., 
USA) broth or on agar plates in a 37°C incubator in air con-
taining 10% CO2.
The antimicrobial activities of the methanol-extracted PA,  
 GR and CR were evaluated by determining the minimum 
bactericidal concentration (MBC). The bacterial strains were 

cultured in TH broth at 37°C in an incubator for 24 h and 
added to a 96-well plate to a final concentration of 1×10

6

CFU/ml. The extract was added to each well to a final concen-
tration of 1, 2, 4, 8, and 16 g/ml. The final concentration 
of DMSO in each well was 1%. One percent concentration 
of DMSO in the medium and medium only group was used 
as the double negative groups. Ampicillin (final concentration, 
100 g/ml) was used as a positive control. After 24 h incuba-
tion under the appropriate conditions, aliquots (10 l) of the 
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 Bactericidal effect of P. amurense, C. rhizome, and G. rhois against mutans streptococci isolated from Korea

Species
PA CR GR

MBC50 MBC90 MBC100 MBC50 MBC90 MBC100 MBC50 MBC90 MBC100

S. mutans (n=40) 0.25 1 2 0.5 1 1 1 2 2

S. sobrinus (n=15) 0.5 1 1 0.5 1 1 0.5 1 1

Total (n=55) 0.5 1 2 0.5 1 1 1 2 2

PA, P. amurense; CR, C. rhizome; GR, G. rhois; MBC50, MBC90, and MBC100 minimal bactericidal concentration required to suppress of the growth of 50, 90, 
and 100% of mutans streptococci, respectively.

broth from wells were plated onto BHI agar and incubated 
overnight at 37°C. The lowest concentration that allowed no 
visible growth on agar (99.9% killed) was considered to be 
the MBC.
  The MBC value of three natural extracts against the clinical 
strains of S. mutans and S. sobrinus was higher than that 
against the type strains ranging from 7.5% to 90% and from 
60% to 93.3%, respectively (Tables 1 and 2). The MBC90 values 
of the three natural extract used in this study against the clinical 
strains of S. mutans and S. sobrinus were 1 mg/ml except for 
CR against S. sobrinus, 2 mg/ml. These results showed that 
the type strains of mutans streptococci are not sufficient to 
evaluate the anti-cariogenicity or determine the optimal con-
centration of the natural extract for developing oral hygiene 
products.
  Interestingly, 11 clinical strains (KCOM 1054, KCOM 1111, 
KCOM 1113, KCOM 1116, KCOM 1126, KCOM 1228, 
KCOM 1136, KCOM 1197, KCOM 1202, KCOM 1207, 
KCOM 1217) of S. mutans and 3 clinical strains (KCOM 1157, 
KCOM 1196, KCOM 1221) of S. sobrinus had an above MBC90

value of two or three natural extracts. Therefore, these 14 
clinical strains and 2 type strains of mutans streptococci are 
recommended for screening anti-caries natural extracts and 
determining the optimal concentration of them for the devel-
opment of oral hygiene products. This system was named 
“bacterial model system for screening and determining the 
optimal concentration of anti-caries natural extracts”
  In a previous study, the minimum inhibitory concentration 
(MIC) of oleanolic acid against 2 type strains and 55 clinical 
strains of mutans streptococci was similar (Kim et al., 2010). 
The discrepancy of these results is unclear but might be due 
to the existence of many types of compound in the crude 
extracts of plants. This means that the antimicrobial effect of 
the combined action of several compounds in the crude ex-
tract against each strain might be different. The other reason 
is the different methods used in these studies. Generally, the 
MBC value is higher than the MIC, and the MBC value is 
more variable among strains than the MIC. This result sug-
gests that the bacterial model system developed in this study 
can be recommended if the crude extracts are used for the 
test antimicrobial activity against mutans streptococci. On the 
other hand, the type strains and/or a few clinical strains of 
mutans streptococci can be used if a single compound is used.
The half maximal inhibitory concentration (IC50) of meth-
anol-extracts of PA, GR, and CR on the normal human gin-
gival fibroblast was 0.125, 0.5, 02.5 mg/ml, respectively, and 
had cell toxicity >1 mg/ml (MBC90 value) (data not shown). 
Therefore, to use these extracts for the development of oral 
hygiene products, compounds with no cell toxicity to human 
oral cells but only an antimicrobial effect on mutans strepto-

cocci need to be purified from these natural extracts.
  In summary, these 14 clinical strains and 2 type strains of 
mutans streptococci are strongly recommended for screening 
and determining the optimal concentration of anti-caries nat-
ural extracts for the development of oral hygiene products 
for Koreans.
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