
INTRODUCTION

With the rapidly growing aging population in Japan,
urgent measures are needed to maintain a high
quality of life for the elderly. One such measure is
to maintain proper oral functions. Keeping good
oral health is linked to prevention of frailty1, 2 and
aspiration pneumonia3 in seniors, as well as pre
vention of systemic diseases4 (such as endocardi
tis, atherosclerosis, cardiovascular disease, and
gastric cancer) closely related to oral commensal
bacteria5 in middleaged populations. For this rea
son, continuous oral care and control of oral condi
tions must be provided from a young age. In recent
years, as home oral care has increased, many
products, such as toothpastes and mouthwashes,
have been developed that utilize naturally occurring
substances (especially essential oils and propolis)
that have antibacterial properties in biomedical ap
plications.6 The broadspectrum antimicrobial activ

ity, low toxicity, and limited allergic properties of
propolis have long been utilized in traditional folk
medicine throughout the world7 as a substance that
aids in treatment and prevention. Propolis has
shown antibacterial, antifungal, antiviral, anticancer,
antiinflammatory and antioxidant activities.8, 9

Propolis is a resinous solid natural substance
made from plant components, such as tree buds
and sap, collected by honey bees from various
plants, and mixed with bee saliva enzymes and
beeswax components.8, 10 Propolis originates from
plants collected by honey bees, and its constituents
are known to vary from region to region.8 Brazilian
propolis is categorized into 12 different types11 ac
cording to regional and physiochemical properties;
however the core bioactive substances common to
various propolis are polyphenols, including fla
vonoids and phenolic carboxylic acids.8 Due to its
antimicrobial, antioxidant and antiinflammatory ac
tivities, propolis may have new applications in den
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tistry. This study focuses on the antibacterial activ
ity of a novel propolis extract against commensal
oral bacteria for prevention of oral diseases.

MATERIALS AND METHODS

Preparation of ethanol-extracted propolis (EEP)
The Bahia propolis (Lot No.201223) used in this
study was formulated by dissolving 50 mg of EEP
powder obtained from Yamada Bee Company, Inc.,
Okayama, Japan, in 1 mL of 70% ethanol and
stored the solution at −30°C until use.

Bacterial strains
The bacterial strains used in this study included Es-
cherichia coli DH5α (E. coli ) , Actinomyces oris
MG1 ( A. oris ) , Staphylococcus aureus ATCC
12600 ( S. aureus ) , Pseudomonas aeruginosa
ATCC 10145 (P. aeruginosa ), Porphyromonas gin-
givalis ATCC 33277 (P. gingivalis ), and Fusobacte-
rium nucleatum subsp. polymorphum JCM 12990
(F. nucleatum).

Growth conditions
E. coli, A. oris, S. aureus, and P. aeruginosa were
cultured in heart infusion broth (Becton, Dickinson
and Company, Franklin Lakes, NJ, USA ) under
aerobic conditions. P. gingivalis and F. nucleatum
were cultured in modified Gifu anaerobic medium
(Nissui, Tokyo, Japan) in an anaerobic chamber
(TeHer ANAEROBOX ANX3 ; Hirasawa, Tokyo,
Japan) at 37°C with 80% N2, 10% H2, and 10%
CO2.

Detection of bacterial growth via optical density
Overnight cultures of E. coli, A. oris, S. aureus, P.
aeruginosa, P. gingivalis, and F. nucleatum were
adjusted to OD600＝0.1 to be used as inoculum in
the growth experiment. Five micro liters of bacterial
suspensions were grown in a 10 mL tube in the
presence of Bahia EEP (50 μL) at a final concen
tration of 0, 50 or 100 μg/mL. Growth was ob
served spectrophotometrically at 600 nm after 0, 3
and 24 h incubation at 37°C. Two bacterial species
(A. oris and P. gingivalis ) whose growth was af
fected by Bahia EEP were examined in detail. The

bacteria were incubated at 37°C with Bahia EEP
solution at a final concentration of 0, 50 and 100
μg/mL. The turbidity was measured 0, 3, 6, 12 and
24 hrs later.

Antimicrobial activity
The minimum inhibitory concentration (MIC) of Ba
hia EEP against A. oris and P. gingivalis was de
termined using the microdilution method. Overnight
cultures were adjusted to OD600＝0.05. Fifty mg/mL
solution of Bahia EEP was subjected to a stepwise
dilution (0～100 μg/mL) using 70% ethanol. Then,
180 μL of the adjusted bacterial suspension and 20
μL of the Bahia EEP solution were added to a 96
well multimicroplate and incubated for 24 hrs. The
turbidity was then measured at 600 nm using a M
50 S multimicroplate reader (Molecular Devices,
Sunnyvale, CA, USA). The concentration at which
no increase in turbidity was observed was defined
as the MIC. Seven microliters of culture were col
lected from the wells where no increase in turbidity
was observed, dropped onto a plane medium, and
incubated for 2 days for A. oris and 5 days for P.
gingivalis to examine growth. The concentration, at
which no growth was observed, was defined as the
minimum bacterial concentration (MBC). The MIC
and MBC values of cetylpyridinium chloride (CPC)
(Wako, Osaka, Japan), minocycline (MIN) (Wako),
and erythromycin (EM) (Wako) were measured to
estimate the potency of the EEP. The same experi
ment was performed three times independently.

RESULTS

The effect of Bahia EEP on the growth of E. coli, A.
oris, S. aureus, P. aeruginosa, P. gingivalis, and F.
nucleatum was analyzed using a visual spectropho
tometer at 600 nm. The growth curves for E. coli,
S. aureus, P. aeruginosa and F. nucleatum are
shown (Figure 1) . No significant effect of Bahia
EEP was observed in E. coli, S. aureus, P. aerugi-
nosa or F. nucleatum. Conversely, strong antibac
terial activity was observed against A. oris and P.
gingivalis (Figure 2). The MIC values for A. oris
and P. gingivalis were then verified by using mi
crodilution methos. The turbidity of A. oris was ob
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Fig. 1 Effect of EEP on the growth of (A) E. coli, (B) S. aureus, (C) P. aeruginosa, and (D) F. nuclea-
tum (●0 μg/mL, ◆50 μg/mL).

Table 1 MIC and MBC of Bahia propolis against A. oris and P. gingivalis

Bacteria
Bahia EEP CPC MIN EM

MIC MBC MIC MBC MIC MBC MIC MBC

A. oris 16 ＞64 0.5 0.5 2 4 0.015 0.0625

P. gingivalis 8 16 4 6.67 0.015 1 0.031 8

（μg/mL）

Fig. 2 Effect of EEP on the growth of (A) A. oris and (B) P. gingivalis (●0 μg/mL, ◆50 μg/mL, ■100
μg/mL).
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served at a concentration of 16 μg/mL, but not at
32 μg/mL. Similarly, P. gingivalis was found at 8
μg/mL, but not at 16 μg/mL. Seven microliters were
removed from the wells where no turbidity was ob
served, and dropped onto new plane plates. No
bactericidal effect was observed at 16, 32 or 64 μg/
mL in A. oris. The bactericidal growth was pre
cluded at 16 μg/mL in P. gingivalis. The MIC and
MBC values of Bahia EEP were determined to be
16 and ＞64 μg/mL for A. oris, while it was 8 μg/
mL and 16 μg/mL for P. gingivalis. The same ex
periment was performed three times independently
(Table 1).

DISCUSSION

In this study, although the new Bahia EEP showed
no effect on the growth of E. coli, S. auresus, P.
aeruginosa or F. nucleatum, it had specific antibac
terial activity against two species of oral bacteria
(P. gingivalis and A. oris ). The MIC and MBC val
ues of Bahia EEP estimated for P. gingivalis were
8 and 16 mg/mL, respectively. The MIC and MBC
values of CPC, a common oral care disinfectant,
were 4 and 6.67 mg/mL, respectively, while the
MIC and MBC values of EM and MIN, antimicrobial
agents commonly used to treat periodontal disease,
were 0.031 and 0.015 mg/mL and 0.015 and 1 mg/
mL, respectively. The very low MIC value of Bahia
EEP for P. gingivalis could be as effective as that
of antimicrobials and disinfectants. The antimicro
bial activities of various propolis EEPs, including
Brazilian,12, 13 Chinese,14 and Hawaiian,15 against P.
gingivalis suggests that a substance common to all
propolis extracts plays a central role in its antimi
crobial activity. Yoshimasu et al. analyzed the con
stituents of Brazilian green propolis and reported
that the main antimicrobial substances were
artepillin C, baccharin, and ursolic acid.16 Of these,
they also mentioned that ursolic acid was the most
effective antimicrobial agent against P. gingivalis,
and that its mechanism of action involved cell
membrane damage.
Actinomyces spp., along with Streptococcus spp.,

are known to act as the initial colonizing communi
ties of the oral cavity.1719 A. oris has two types of

fimbriae. Type 1 fimbriae mediate adhesion to pelli
cle, while the other is responsible for binding to oral
Streptococci and host cells.20 In this sense, A. oris
is a key bacterium in dental plaque formation. In
this study, the MIC and MBC values for A. oris
were 16 and ＞64 mg/mL, respectively. The MIC
and MBC values of CPC were 0.5 mg/mL, while the
MIC and MBC values of EM were 2 and 4 mg/mL,
and the MIC and MBC values of MIN were 0.015
and 0.0625 mg/mL, respectively. Few reports have
revealed the antimicrobial activity of propolis
against A. oris, only mentioning Hawaiian EEP
which had MIC and MBC values of 10.6 and 21.3
mg/mL, respectively.15 The MIC value of Brazilian
green propolis was less than 100 mg/mL against
Actinomyces naeslundii, the same genus as A.
oris.21 Although not as potent as the antimicrobials
and disinfectants commonly used in oral care, Ba
hia EEP might be effective in inhibiting A. oris
growth. This suggests that sustained EEP use may
control plaque formation and maturation. Inhibition
of the growth of early colonizers such as A. oris
could control the maturation of subgingival and su
pragingival plaque, and might be an effective meas
ure to prevent dental caries and periodontal dis
easeies.
Although the Bahia EEP used in this study was

an ethanol extract, we believe there is room to in
vestigate antimicrobial components using other ex
traction methods. The Bahia EEP dissolved in etha
nol is a complex collection of materials. Various
solvents, such as water, ethanol, methanol, chloro
form, dichloromethane, ether, and acetone, are
used to extract propolis components. The eluted
substances are different for each solvent. It is said
that water or 70% ethanol extraction contains the
most components with antimicrobial activities.8 It is
difficult to compare the numerous studies showing
the antimicrobial activities of propolis from different
sources and extraction methods. However, the very
low MIC value of Bahia EEP against P. gingivalis is
noteworthy. The Bahia EEP used in this study ex
hibited antimicrobial activities against oral patho
genic bacteria. Further component analysis is
needed to identify the substance underlying the an
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timicrobial activities.
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