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Objective: The goal of this study was to evaluate the efficacy of green tea extract (GTE) in reducing oral bacteria by analysis
of saliva composition before and after using mouthwash containing GTE.
Methods: This study measured organic acids (lactate, acetate, propionate, formate, butyrate, pyruvate, valerate) found in the
saliva of 15 healthy adults before and 1, 2, and 4 weeks after use of GTE mouthwash. A Dionex ion chromatography system
was used for analysis. During the mobile phase, NaOH 100 mM was applied through isocratic elution.
Results: Changes in saliva composition compared to a control after the use of mouthwash containing GTE, included an increase in lactate during the first and second week followed by a decrease of 0.48 mM (82.74%) in the fourth week. Acetate
slightly increased by 0.03 mM (0.46%) compared to the control. Propionate, formate, butyrate, and pyruvate increased
0.11-1.55 mM after four weeks compared with the control. Valerate was not detected.
Conclusion: Seven organic acids were compared. Only lactate decreased after use of the GTE mouthwash. Therefore, the
GTE mouthwash in this study has the potential to inhibit the growth of some oral bacteria.
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Introduction

essential. Oral hygiene products physically remove these substances, and mouthwash is used to inhibit bacterial growth
[2,3]. Mouthwashes have various ingredients, such as: methyl
salicylate, eucalyptol, thymol, cetylpyridinium chloride, and
chlorhexidine. Additionally, some mouthwashes contain natural extracts, such as essential oils, as major components
[4-6].
Among these essential oils is green tea extract (GTE),
which is obtained from the leaves of Camellia sinensis. C. sinensis grows in in Southeast Asia, and contains large quantities of polyphenols and flavonoids. Catechin, a flavonoid, has
various properties: antioxidant, anti-inflammatory, hypoglycemic, and hypolipidemic; which aid in the prevention of

Oral diseases such as dental caries and periodontal disease
are caused by biofilms composed of bacteria on tooth surfaces
and periodontal tissues. To date, about 700 kinds of bacteria
have been found in the human oral cavity [1]. To remove the
substances which cause oral disease, daily brushing is
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oral diseases [7-11]. Catechin is composed of (-)-epigallocatehin (EGC), (-)-epigallocatechin-3-O-gallate (EGCG),
(-)-epicatechin-3-O-gallate (ECG), and (-)-epicatechin (EC)
[12].
The antimicrobial activity of catechin is known to inhibit
dental caries inducing Streptococcus mutans and Lactobacillus [13,14]. It has been reported kaempferol and myricetin,
found in green tea, help prevent periodontal disease through
their antimicrobial effects on Porphyromonas gingivalis and
Prevotella intermedia [15]. These bacteria are involved in the
metabolism of carbohydrates and produce organic acids
[16-19]. When carbohydrates are broken down by bacteria into pyruvic acid under anaerobic conditions various organic
acids are produced. Identifying the organic acid produced by
a bacteria during the breakdown of carbohydrates will allow
the identification of that bacteria and awareness of its associated risks.
In this study, we evaluate the efficacy of GTE by analyzing
organic acid in saliva before and after use of the GTE containing mouthwash through changes in the metabolism of bacteria
and saliva composition in the oral cavity.

Materials and Methods
1. Study design
Institutional Review Board (IRB) for the permission of the
experiment was achieved from the Scientific Institute at
Dankook University (IRB No. 2017-03-033), because it needed for two extracted premolar teeth from the orthodontic dental patient. This study measured organic acids (lactate, acetate,
propionate, formate, butyrate, pyruvate, valerate) found in the
saliva of 15 healthy Korean adults before and one, two, and
four weeks after use of GTE mouthwash. The control consisted of samples taken before using the GTE mouthwash.

2. Mouthwash ingredients
The main ingredients of mouthwash were 350 µl with 10%
glycerin, 5% xylitol, peppermint and lemon flavor, 5% GTE
and 2% plum extract.

3. Saliva collection and pretreatment
To quantitate the concentration of organic acids in saliva,
500 µg of non-irritating saliva was collected in an Eppendorf
tube one hour after the last time participants brushed their
teeth and/or used mouthwash. Eating or rinsing of the mouth
with water was prohibited during this hour. The collected saliva was centrifuged at 1,200 rpm for 5 minutes. The resulting
supernatant was diluted 20 times with distilled water and a syringe filter (hydrophobic polytetrafluoroethylene [PTFE]
membrane, pore size: 0.20 mm; Advantec MFS, Tokyo,
Japan) was used to remove bacteria and enzymes.

4. Analysis of organic acids using high-performance
liquid chromatography (HPLC)
The carboxylic acid reference standards (lactate, acetate,
propionate, formate, butyrate, pyruvate, valerate) used in the
experiment and the mobile phase (NaOH 100 mM) of chromatography analysis were purchased from Sigma Aldrich (St.
Louis, MO, USA). A Dionex ion chromatography system
(GP50 gradient pump, ED 50 conductivity detector) was used
for analysis. During the mobile phase, NaOH 100 mM was applied through isocratic elution.

5. Validation
Using the external standard method, the concentration of
each organic acid was adjusted to between 0.15-2.5 mM, and
a calibration curve was prepared to examine the correlation
coefficient and linearity.

Table 1. Linear range, linear equation and correlation coefficient (R2)
for organic acid
Compound

Linear range
(mM)

Linear equationa

R2

Lactate
Acetate
Propionate
Formate
Butyrate
Pyruvate
Valerate

0.15-2.5
0.15-2.5
0.15-2.5
0.15-2.5
0.15-2.5
0.15-2.5
0.15-2.5

y=0.0022x+0.6113
y=0.0011x+0.4107
y=0.0016x+0.3164
y=0.0029x+0.3039
y=0.0015x+0.2
y=0.001x+0.0185
y=0.0009x+0.1727

0.9932
0.9933
0.9981
0.9990
0.9985
0.9982
0.9915

a

y=ax＋b; y is the peak area and x is sample concentration.
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Figure 1. Linear range and linearity for organic acids.
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Table 2. Mean concentration of organic acids and inorganic anions before and after using oral sprays for 15 subjects (mM)
Compound
Lactate
Acetate
Propionate
Formate
Butyrate
Pyruvate
Valerate

Mean±SD
a
Amount (%)
Mean±SD
a
Amount (%)
Mean±SD
a
Amount (%)
Mean±SD
a
Amount (%)
Mean±SD
a
Amount (%)
Mean±SD
a
Amount (%)
Mean±SD
a
Amount (%)

Control

1 wk

2 wk

4 wk

0.58±1.32

0.74±1.57
0.16 (27.87)
3.27±3.91
−2.71 (−45.30)
0.37±0.47
−0.83 (−68.93)
0.25±0.30
−0.04 (−15.16)
0.46±1.28
−0.07 (−13.82)
0.00±0.00
−0.02 (−100.00)
0.00±0.00
-

1.69±3.63
1.11 (191.31)
9.19±8.26
3.21 (53.73)
1.98±2.26
0.77 (64.41)
0.74±0.64
0.45 (156.23)
0.72±0.97
0.19 (35.15)
0.09±0.25
0.08 (490.04)
0.00±0.00
-

0.10±0.22
−0.48 (−82.74)
6.00±6.26
0.03 (0.46)
2.75±3.43
1.55 (129.23)
1.50±1.40
1.21 (418.43)
0.75±0.93
0.22 (41.40)
0.13±0.36
0.11 (686.72)
0.00±0.00
-

5.98±4.54
1.20±1.65
0.29±0.29
0.53±1.33
0.02±0.06
0.00±0.00

SD: standard deviation.
Increment and decrement concentration of organic acid compared to controls.

a

Results
1. Linearity and recovery of HPLC method
The linearity and recovery of the analytical method for each
component are shown in Table 1 and Figure 1. The linearity of
2
the calibration curve was measured, and the R value was
more than 0.9915.

2. Changes in the concentration of organic acids
after the use of GTE mouthwash
Table 2 and Figure 2 show the change in concentration of
organic acids in saliva after using the GTE mouthwash.
Acetate was found in the highest concentration of all of the organic acids in the saliva of the test subjects (3.27-9.19 mM).
Acetate increased at two weeks and slightly increased at four
weeks. Lactate increased for the first two weeks then decreased by 82.74% in week four when compared with the
control. Propionate, formate, butyrate, and pyruvate increased
by between 0.11-1.55 mM at four weeks compared with the
control. Valerate was not detected during the study.

Discussion
Green tea extract has been widely used as a natural substance that prevents dental caries and periodontal disease.
This is due to its antimicrobial properties of catechin, a type of
polyphenol GTE contains [13,20]. This study measured the
type and amount of organic acids found in saliva to examine
whether bacteria in the oral cavity were reduced by the anti-

Figure 2. Changes in the concentration of organic acids in saliva
(increase/decrease).

microbial action of catechin found in green tea.
Ion chromatography was used to analyze the organic acids
in saliva. Methods included HPLC ion chromatography
[21,22] and HPLC UV detection [23]. These methods are relatively simple and were completed within 20 minutes. The re2
sults show that the linearity of all organic acids (R ) was
0.9915 or higher, which was an area value proportional to the
concentration.
When comparing the organic acid concentrations before
and after the use of the GTE mouthwash, lactate and acetate
were lower or similar. Lactate is produced during the breakdown of sugar into pyruvic acid by microorganisms in the oral
cavity. The relevant microorganisms are Streptococcus,
Lactobacillus, and Actinomyces [24]. Lactate concentration
was decreased after four weeks of GTE use, suggesting that
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GTE may inhibit the growth of the microorganisms. Acetate is
associated with Klebsiella [25], and it was detected in similar
concentrations in both the test and control group. Therefore,
additional microbiological testing is needed.
The concentration of propionate, formate, butyrate, pyruvate, and valerate increased after four weeks. Previous studies have reported that propionate is produced by Clostridium
propionicum, Propinibacterium, and Lactobacillus buchneri
[26]. It was confirmed that the concentrations of organic acids
produced were different depending on the type of bacteria in
the oral cavity. Therefore, it may be possible to determine the
microorganisms in the oral cavity from the organic acids
present. The saliva components and concentrations in the oral
cavity may vary according to biological factors of the host,
and errors may have occurred during pretreatment.
Studies on the prevention of oral diseases by GTEs [27]
showed it inhibits the growth of Candida albicans in the oral
cavity. Thus, it is necessary to examine which bacteria GTEs
are effective in inhibiting. Uric acid, a major antioxidant in the
saliva of patients with periodontitis was evaluated. Antioxidant activity was present in the experimental group which ingested the GTE-containing drug as an adjuvant [28].
Epigallocatechin-3-gallate has been shown to be effective
in the prevention and treatment of periodontal disease by
weakening the inflammatory response of gingival tissues,
which was induced by tumor necrosis factor- [29]. The efficacy of GTE has been verified by many studies on antioxidant
and anti-inflammatory actions. Thus, it is necessary to study
each bacteria species, organic acid, and metabolite produced
by bacteria.
This study investigated changes in saliva composition after
use of the GTE mouthwash. The concentration of lactate and
acetate, which are major organic acids in the oral cavity, was
decreased or was similar to that before the use.
The GTE mouthwash used in this study may inhibit the
growth of Streptococcus, Lactobacillus, and Actinomyces,
which are microorganisms related to lactate. The results indicate that lactate and acetate are the major organic acids present in the oral cavity. They also demonstrate the preventive effect of GTEs on oral diseases through the actions of catechin,
which has the potential to prevent and treat oral disease.

Conclusion
The purpose of this study was to evaluate the efficacy of
GTEs by analyzing organic acids in saliva before and after using the GTE mouthwash. The results of this study are as follows:
1. Ion chromatography was used to analyze lactate, acetate,
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propionate, formate, butyrate, pyruvate and valerate simultaneously within 20 minutes. This analysis showed that the linearity of all organic acids (R2) was 0.9915 or higher, which was
proportional to the area.
2. In terms of the changes in saliva composition before and
after the use of GTE extract, lactate increased in weeks one
and two then decreased by 0.48 mM (82.74%) at week four,
compared with the control.
3. Acetate slightly increased by 0.03 mM (0.46%) after four
weeks compared to control.
4. Propionate, formate, butyrate, and pyruvate increased by
between 0.11-1.55 mM at four weeks compared to the control.
Valerate was not detected.
Of the seven organic acids compared only lactate decreased
after use of the GTE mouthwash. Therefore, the GTE mouthwash has the potential to inhibit the growth of some bacteria in
the oral cavity.
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