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The purpose of this study is to determine if natural extracts
could be used as an additive in oral health food made with
Weissella cibaria CMU (oraCMU). Natural extracts of green
tea, mulberry leaf, licorice, and propolis, which are reported to
have antimicrobial activities, were selected and used in this
study. The minimum inhibitory concentrations (MIC) of
extracts on periodontal pathogens such as Fusobacterium
nucleatum and Porphyromonas gingivalis and their synergy
effects with oraCMU by the fractional inhibitory concentrations
methods were measured. From the results obtained, all the
extracts showed no effect on the growth of oraCMU. Green tea
extract showed the best antibacterial activity with MIC of 1.8
mg/ml against both F. nucleatum and P. gingivalis. In addition,
green tea extract had a synergistic effect with oraCMU against
F. nucleatum. Therefore, these results suggested that green tea
extract is available as an additive in oral health food made with
oraCMU.
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o] et AAIES 7 AL Q1ar vl kAN Staphylococcus
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AHESFTY. F. nucleatum->- yeast extract (10000 pg/ml)
(Difco, Detroit, MI, USA), cysteine (500 pg/ml) (Sigma, St.
Louis, MO, USA), hemin (5 pg/ml) (Kisan Bio Co., Ltd.,
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7 HEE 7 3498 100 ul® 96-well plateo]] 53}
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ok 7] vkt dxrF oz s 55 il FEES
=51 7} o] wiAE Akl AFE-EFl S, microplate
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Figure 1. Effects of various concentrations of natural extracts including green tea (a), mulberry leaf (b), licorice (c), and propolis (d)
on the growth of oraCMU. The growth of oraCMU was measured by optical density (600 nm). 0 mg/ml (L]); 3.13 mg/ml (' 1); 6.25
mg/ml (I); 12.5 mg/ml (IM). There was no statistically significant difference in the growth of oraCMU according to the concentration

of natural extracts at each time. Values are means + standard deviations of three independent experiments.
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Figure 2. Growth inhibitory effects of various concentrations of natural extracts including green tea, mulberry leaf, licorice, and
propolis against F. nucleatum (a) and P. gingivalis (b). Green tea extract ((J); mulberry leaf extract (EX); licorice extract (N);
propolis extract (). Means with different letters (a-c) above bars are significantly different (p < 0.05). Values are means + standard
deviations of three independent experiments.



Effect of natural extracts on oral bacteria 197

1.2
1.0 4
0.8 -
£ 06 -
o
o
0.4 -
0.2 4
- - @ i
0.0 : : r r :
0 31 63 125 250 500

Concentration (mg/mL)

Figure 3. Growth inhibitory effects of cell-free supernatants of oraCMU against periodontopathic bacteria. The growth of P.
gingivalis ((J) and F. nucleatum (M) were measured by optical density at 600 nm (ODjgo). p < 0.05, CFS of oraCMU-treated culture
vs. untreated P. gingivalis control; “p < 0.05, CFS of oraCMU-treated culture vs. untreated F. nucleatum control. Values are means +
standard deviations of three independent experiments.

Table 1. Antimicrobial synergistic effect of green tea extract with cell-free supernatant (CFS) of oraCMU against F. nucleatum and P.
gingivalis.

MIC (mg/ml)

Strains Treatment FIC Index” Outcome
Alone Combination
F. nucleatum green tea extract 1.8 0.1
0.1 Synergy
KCTC 2488 CFS of oraCMU 250 15.6
P. gingivalis green tea extract 1.8 1.8 .
1.5 Indifference
KCTC 5352 CFS of oraCMU 125 62.5

" The FIC index was calculated using the formula of FIC = (A) / MIC(A) + (B) / MIC(B). (A) is the minimum concentration with
inhibitory effect in A dilution line, (B) is the minimum concentration with inhibitory effect in B dilution line, and MIC(A) and MIC(B)
are the MICs of A and B, respectively. FIC < 0.5, synergy; FIC 0.5 ~ 1, partial synergy; FIC 1 ~ 4, indifference; FIC > 4, antagonism.

Figure 4. Phase-contrast microscopic analysis of antimicrobial synergy of green tea extract and oraCMU. (a) Untreated F. nucleatum
control; (b) F. nucleatum with green tea extract (0.1 mg/ml); (c¢) F. nucleatum with cell-free supernatant (CFS) of oraCMU (15.6
mg/ml); (d) F. nucleatum with green tea extract (0.1 mg/ml) and CFS of oraCMU (15.6 mg/ml). Magnification, x4000.
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