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Introduction
Periodontal disease is a biofilm-related inflammatory 

disease in the oral cavity. Oral biofilm is a bacterial 
community covered a thick matrix composed mainly 
exopolysaccharides (EPS)1). The EPS matrix can inhibit 
invade the antibiotics and cause resistant bacterial 
cells. Therefore, the mainly periodontal treatment is 
mechanical debridement, such as scaling, root plan-
ning, and periodontal surgery. Recently, polyphenols 
are a useful ingredient for the prevention of several 
systematic diseases. Cacao bean extract (CBE), a 

flavonoid, is the seeds of a native Central and South 
American tree known as Theobroma cacao. Cacao bean 
extract is an effective for arteriosclerosis prevention, 
CBE reduce cholesterol level and blood pressure2-4). 
CBE has an antioxidant such as active oxygen and free 
radical generated in the body in human aging and life-
style diseases5). Periodontal disease increases gingival 
oxidative stress by pro-inflammatory cytokines and 
nitric stress6). Periodontal disease is also associated 
with systemic diseases such as cardiovascular disease, 
diabetes, premature birth, low birth weight infants and 
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Abstract
Cacao beans extract is a polyphenol containing the favorite food such as chocolates. In this mini review, we 

focused on the bactericidal and antioxidant effects of cacao bean extracts against Porphyromonas gingivalis. Cacao 
bean extracts in this study were used cacao bean polyphenol-rich extract (CBP) and HP cacao extract (PW-VE-
R). To determine the bactericidal effects of cacao bean extracts, assessed the improvement effects on periodontal 
disease using two types of cacao bean extracts against P. gingivalis. The bactericidal effect of CBP was stronger than 
that of PW-VE-R against P. gingivalis cells. These extracts were decreased P. gingivalis biofilm in a dose-dependent 
manner. In addition, the scavenging activities against the reactive oxygen species such as superoxide and hydroxyl 
radical were indicated with cacao bean extract. Electron Spin Resonance analysis revealed that the two types of 
cacao bean extracts have scavenged the reactive oxygen species such as hydroxyl radicals and superoxide. These 
results suggested that cacao bean extracts might improvement effects on periodontal tissue destruction.
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aspiration pneumonia7). Then, periodontal disease is one 
of the systemic risk factors. The purpose of this study 
was to investigate the effects of cacao bean extract 
against a periodontal pathogen, such as Porphyromonas 
gingivalis. In addition, we determined the scavenging 
activity of reactive oxygen species with cacao bean 
extracts (CBE).
1.	Bactericidal effect of cacao bean extracts against 

P. gingivalis.
Porphyromonas gingivalis is a Gram-negative, 

black-pigmented anaerobic rod that is an important 
periodontal pathogen. P. gingivalis colonize the subgin-
gival region, and induce chronic inflammation by the 
several pathogenic factors such as collagenase, and 
lipopolysaccharide (LPS)8,9). We investigated the bacte-
ricidal effect of cacao bean extracts against P. gingi-
valis. Cacao bean extracts in this study were used cacao 
bean polyphenol-rich extract and HP cacao extract. 
The cacao bean polyphenol-rich extract (CBP) and 
HP cacao extract (PW-VE-R) were provided by Meiji 
Co., Ltd. (Tokyo, Japan). The concentrations of these 
extracts were adjusted 0.01, 0.1, 1.0, 10 mg/ml by fifty 
percent concentration of alcohol. P. gingivalis ATCC 
33277 was grown in brain heart infusion (BHI) broth 
supplemented with yeast extract (5.0 mg/ml), hemin 
(5.0 μg/ml), and vitamin K1 (0.2 μg/ml) at 37°C for 
18 hours under anaerobic condition (85% N2, 10% H2, 
5% CO2). Bacterial cells were washed and suspended 
by sterilized phosphate buffered saline (PBS) to an 
optical density of 1.0 at 550 nm. Ten µL of bacterial 
suspension (5.3×107 colony-forming units (CFU)/ml) 
was exposed for 60 minutes to 0.01, 0.1, 1.0, 10 mg/ml 
CBP and PW-VE-R. The same volume of PBS and fifty 
percent concentration of alcohol were used as controls. 
After the treatment of CBP and PW-VE-R, P. gingivalis 
cells were carried out by a 10-fold serial dilution and 
100 µl of each dilution was spread onto a BHI sheep 
blood agar plate. The bactericidal effects of cacao bean 
extracts were determined using the number of CFU 
after 5 days incubation in an anaerobic condition. Table 

1 shows the bactericidal effect of cacao bean extracts 
against P. gingivalis. The effect of CBP and PW-VE-R 
are more effective than that of controls. The treatment of 
P. gingivalis with 0.01 to 10 mg/ml CBP and PW-VE-R 
reduced the number of viable cells in a dose-dependent 
manner. After 0.01, 0.1, 1.0, 10 mg/ml CBP treatment 
for 60 minutes, the number of P. gingivalis deceased by 
50.4%, 94.9%, 97.2%, and 99.3% respectively. Other-
wise, after 0.01, 0.1, 1.0, 10 mg/ml PW-VE-R treatment 
for 60 minutes, the number of P. gingivalis deceased 
by 42.8%, 56.6%, 85.5%, and 96.1% respectively. This 
result showed that the bactericidal effect of CBP was 
stronger than that of PW-VE-R against P. gingivalis 
cells. A previous study has been reported that CBE 
inhibited the collagenase activity of P. gingivalis. CBE 
also suppressed nitric oxide and proinflammatory cyto-
kines produced by LPS-stimulated macrophages10, 11). 
CBE may reduce the planktonic bacteria in the oral 
cavity, and suppress the periodontal pathogenic factors.
2.	Influence of cacao bean extracts on P. gingivalis 

biofilm.
We investigated the influence of CBE on P. gingi-

valis biofilm. P. gingivalis were grown on 24-well 
polystyrene plates with the sterilized coverslip (diam-
eter, 12.0 mm; thickness, 0.15 mm) at 37°C for 16.5 
hours anaerobically. After non-adherence cells were 
removed by PBS, fresh BHI broth was transferred into 
the wells and incubated for a further 24 hours. Bacterial 
biofilms were treated with 0.01 to 10 mg/ml CBP and 
PW-VE-R for 1 hour anaerobically. After the incuba-
tion, P. gingivalis biofilms were stained with SYTO9 
and propidium iodide (live/dead staining). The stained 
biofilm was observed under a fluorescence microscope. 
Figure 1 shows the fluorescent images of P. gingivalis 
biofilm treated by cacao bean extracts. The numbers of 
live bacteria was decreased, and the numbers of dead 
bacteria was increased with the treatment of CBP and 
PW-VE-R. These extracts were decreased P. gingi-
valis biofilm in a dose-dependent manner. The result 
suggested that CBE inhibited P. gingivalis biofilm 

Table 1  Bactericidal effect of the cacao bean extracts against P. gingivalis

concentration (mg/ml)
0  0.01 0.1  1  10

BHI 5.3 × 107 − − − −
50% ethanol 2.2 × 107 − − − −
CBP − 2.63 × 107 2.71 × 106 1.46 × 106 3.3 × 105

PW-VE-R − 3.03 × 107 2.33 × 107 7.67 × 106 2.07 × 106
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formation. 
3.	The scavenging activity of reactive oxygen species 

with cacao bean extracts
Reactive oxygen species (ROS), so-called oxygen 

radical free radicals, cause deoxyribose damage in the 
human cells12). ROS production is drastically increased 
from neutrophils and macrophages during the inflam-
matory diseases13). We examined the scavenging activity 
of ROS (hydroxyl radicals and superoxide) with CBE 
using Electron Spin Resonance (ESR) spectroscopy. 
ESR analysis was performed by the previous studies 
described14, 15). ESR analysis revealed that the two types 
of cacao bean extracts have scavenged the reactive 
oxygen species such as hydroxyl radicals and super-
oxide. The hydroxyl radical removal rate stimulated by 
0.1 mg, 1.0 mg and 10 mg of CBP were 0%, 55% and 
92% respectively. The hydroxyl radical removal rate 
stimulated by 0.1 mg, 1.0 mg and 10 mg of PW-VE-R 
were 0% 20% and 89%, respectively. On the other 
hand, the superoxide removal rate stimulated by 1.0 

mg and 10 mg of CBP was 88% and 93%, 1.0 mg and 
10 mg of PW-VE-R was 85% and 93%, respectively. 
ROS is a key factor in the survival of P. gingivalis in the 
inflammatory environment16). P. gingivalis can change 
host cellular ROS production to increase its survival17). 
A previous study has been reported that CBE have a 
great antioxidant activity than other polyphenols18). In 
oral cavity, CBE will contribute the reduction of ROS in 
inflammatory tissues and maintain the healthy environ-
ments.

Discussion
CBE has been used in foods as natural antioxidants 

and antimicrobials. The free fatty acids contained in 
cacao have the effect of suppressing the growth of 
Escherichia coli which is the cause of food poisoning. 
And it also has adhesion inhibition, bactericidal and 
growth inhibitory effect to a stomach epithelium cell 
of Helicobacter pylori19, 20). A previous study has been 
reported that CBE reduced 20.9% against Strepto-

Figure 1.  The fluorescent images of P. gingivalis biofilm treated by cacao bean extracts. Green staining (viable cells) is due to 
SYTO9, and red staining (dead cells) is due to propidium iodide in the LIVE/DEAD technique. Scales, 10 μm.
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coccus mutans which were used as mouse rinse21). CBE 
can also reduce the dental plaque accumulation in the 
oral cavity. Inflammation and alveolar bone destruction 
are characterized in periodontal disease. The future 
study will be focused on the effects of CBE on alveolar 
bone resorption by using animal models. CBE may 
contribute as a therapeutic and preventative ingredient 
for periodontal disease.
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