
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/51165110

Antimicrobial Properties of Green Tea Extract Against Cariogenic Microflora: An

In Vivo Study

Article  in  Journal of Medicinal Food · May 2011

DOI: 10.1089/jmf.2010.0196 · Source: PubMed

CITATIONS

73
READS

1,243

6 authors, including:

Some of the authors of this publication are also working on these related projects:

Sedation in dentistry View project

BIOACTIVE COMPOUNDS WITH CARIES PREVENTION EFFECTS View project

Gianmaria Fabrizio Ferrazzano

University of Naples Federico II

84 PUBLICATIONS   1,016 CITATIONS   

SEE PROFILE

Ivana Amato

University of Naples Federico II

12 PUBLICATIONS   538 CITATIONS   

SEE PROFILE

Tiziana Cantile

University of Naples Federico II

51 PUBLICATIONS   552 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Gianmaria Fabrizio Ferrazzano on 13 January 2014.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/51165110_Antimicrobial_Properties_of_Green_Tea_Extract_Against_Cariogenic_Microflora_An_In_Vivo_Study?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/51165110_Antimicrobial_Properties_of_Green_Tea_Extract_Against_Cariogenic_Microflora_An_In_Vivo_Study?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Sedation-in-dentistry?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/BIOACTIVE-COMPOUNDS-WITH-CARIES-PREVENTION-EFFECTS?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gianmaria-Ferrazzano?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gianmaria-Ferrazzano?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Naples-Federico-II?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gianmaria-Ferrazzano?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ivana_Amato?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ivana_Amato?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Naples-Federico-II?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ivana_Amato?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tiziana_Cantile?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tiziana_Cantile?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Naples-Federico-II?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tiziana_Cantile?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gianmaria-Ferrazzano?enrichId=rgreq-fcbb0331ac2bdd20c667460705d539b9-XXX&enrichSource=Y292ZXJQYWdlOzUxMTY1MTEwO0FTOjEwMjIzMDI1MDIyOTc2MEAxNDAxMzg0OTk5MjY4&el=1_x_10&_esc=publicationCoverPdf


Antimicrobial Properties of Green Tea Extract
Against Cariogenic Microflora: An In Vivo Study

Gianmaria F. Ferrazzano, Lia Roberto, Ivana Amato, Tiziana Cantile,
Giancarla Sangianantoni, and Aniello Ingenito

Department of Pediatric Dentistry, School of Dentistry, University of Naples ‘‘Federico II,’’ Naples, Italy.

ABSTRACT The aim of the present study was to test in vivo the effectiveness of an experimental green tea extract in

reducing levels of mutans streptococci and lactobacilli in saliva by means of selective culture medium. Sixty-six healthy

patients ranging in age from 12 to 18 years were recruited and randomly divided into two groups: Group A (n = 33) and group

B (n = 33). Group A subjects were asked to rinse their mouths with 40 mL of an experimental green tea extract, for 1 minute,

three times a day for a week, whereas Group B subjects were asked to rinse with 40 mL of a placebo mouth rinse. Saliva

samples were obtained at baseline, 4 days, and 7 days. The counts of mutans streptococci and lactobacilli were investigated by

chair-side kits. Data were statistically processed. A regression binary logistic analysis was done. The statistical significance

level was established at P < .05. The experimental group showed a statistically significant reduction in colony counts of

mutans streptococci and lactobacilli relative to the control group. These findings showed the efficacy of a green tea extract

against cariogenic oral flora, opening a promising avenue of clinical applications in the preparation of specific and natural

anticariogenic remedies.
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INTRODUCTION

Recently, there has been increased interest in poly-
phenolic compounds found in plant foods. This is

probably because of the mounting evidence that several of
these may have beneficial effects in humans. Polyphenols
constitute one of the most common and widespread groups
of substances in plants, occurring in all vegetative plant or-
gans and also in flowers and fruits. The main sources of the
polyphenols present in the daily intake of the human diet are
plants like tea, coffee, cereals, and fruit. Despite their wide
distribution, the healthy effects of dietary polyphenols have
come to the attention of nutritionists only in the last few
years. The main factor responsible for the delayed research
on polyphenols is the variety and the complexity of their
chemical structures.

The biological properties of polyphenols include antiox-
idant,1,2 anticancer,3–5 and anti-inflammatory6 effects. Ex-
perimental studies strongly support a role of polyphenols
also in the prevention of cardiovascular disease, osteo-
porosis, diabetes mellitus, and neurodegenerative disease.7

In the last few years, polyphenols from some edible plants
have attracted attention as potential sources of agents ca-
pable of controlling the growth of oral bacteria.8 Subsequent
in vitro studies on plant extracts suggest an activity against
several metabolic activities of mutans streptococci, result-
ing in a decrease in growth and virulence.9–12 Smullen
et al.13 have shown that extracts from unfermented cocoa,
green tea, and red grape seeds have a bacteriostatic effect on
S. mutans and reduce its adherence to glass.

Studies on the development of antiplaque agents for
prevention of dental caries have investigated the effect of
some tea preparations and their individual components on
the glucan synthesis catalyzed by glucosyltransferase from
mutans streptococci. Extracts of green tea and polyphenol
mixtures showed appreciable inhibition in the synthesis of
insoluble glucan.14

Experiments have also demonstrated the inhibition of
salivary amylase activity by extracts of a commercial tea.
The effect on salivary amylase may contribute significantly
to reducing the cariogenicity of starch-containing foods.15

A point that should be mentioned is that the in vitro
property of green tea has also been much investigated pre-
viously, but in vivo evidence able to establish its real con-
tributions to caries reduction is not consistent.

For these reasons a noninvasive method of in vivo in-
vestigation has been developed. Therefore, the present study

Manuscript received 29 July 2010. Revision accepted 22 September 2010.

Address correspondence to: Gianmaria F. Ferrazzano, Department of Pediatric Den-
tistry, School of Dentistry, University of Naples ‘‘Federico II,’’ Via S. Pansini 5, 80121,
Naples, Italy, E-mail: gianmariafabrizio@yahoo.it

JOURNAL OF MEDICINAL FOOD
J Med Food 14 (9) 2011, 907–911
# Mary Ann Liebert, Inc. and Korean Society of Food Science and Nutrition
DOI: 10.1089/jmf.2010.0196

907



was conducted with the aim of evaluating the in vivo ef-
fectiveness of green tea polyphenols in reducing levels of
mutans streptococci and lactobacilli in saliva.

MATERIALS AND METHODS

Subjects and study design

The study population consisted of 66 volunteers, 36 fe-
male and 30 male, who were in good physical condition and
ranged in age from 12 to 18 years. The participants were
recruited from the Department of Pediatric Dentistry of
the University of Naples ‘‘Federico II,’’ Naples, Italy.
They were selected with the following criteria. Inclusion
criteria were good general health (ASA I–II) and agreement
to comply with study procedures. Exclusion criteria were
antibiotic treatment during the 14 days before starting
the test, the use of an antibacterial mouth rinse during the
12 hours before the test, the presence of dental fixed
orthodontic appliances, and conditions that interfered with
the examination procedure (non-cooperating subjects).
Participation was voluntary. Patients and their parents
received verbal and written explanations of the experi-
mental protocol and the study aims, and they signed written
informed consent prior to the start of the study. Permission
was received from the appropriate authorities. The study
protocol was in accordance with the Helsinki Declaration of
Human Rights.

The subjects were randomly distributed into two groups
of 33 (Groups A and B). All the subjects received a clinical
examination carried out by two professionals, in the same
room and using the same dental unit (so that all patients
were examined under the same lighting conditions). The
presence of tooth decay was assessed by systematic evalu-
ation of each subjects’ caries experience using the DMFT
index (number of decayed, missing, and filled teeth): in
Group A the mean DMFT value was 3.13 – 1.76; in Group B
the mean DMFT value was 3.09 – 1.89.

Experiment design: Group A. Thirty-three subjects
were enrolled in this group. Prior to the start of the experi-
ment, the subjects’ salivary concentration of mutans strep-
tococci and lactobacilli was calculated from a sample of
saliva in order to establish the baseline levels (T0).

Selective culture medium (CRT Bacteria, Ivoclar
Vivadent AG, Schaan, Liechtenstein) was used for detec-
tion of the mutans streptococci and lactobacilli counts in
saliva.

The test was conducted with the following way:

� Each subject chewed a enclosed paraffin pellet in order
to stimulate salivation.

� The saliva was collected in a sterile plastic container
and then placed, using a pipette, on blue mitis-
salivarius agar with bacitracin for determination of
mutans streptococci and on the light culture medium
(Rogosa agar) for determination of lactobacilli.

� An NaHCO3 tablet was added to the container. This
tablet was able to release CO2 when it came into

contact with moisture, creating favorable conditions for
bacterial growth.

� The vial with each agar plate was marked with
the name of the patient and the date using a waterproof
pen.

� All the vials were placed upright in a Cultura incu-
bator (Ivoclar Vivadent AG) at 37�C (99�F) for 48
hours.

After the collection of the first sample, all participants of
Group A were instructed to rinse with 40 mL of an experi-
mental mouth rinse for 1 minute. This procedure was to
be repeated three times a day (after breakfast, after lunch,
and before sleeping), after normal oral hygiene procedures,
for 7 days.

After days 4 and 7 of treatment with the mouth-rinse
formulation, the salivary sample was collected again and
immediately incubated, according to the step-by-step pro-
cedure described above, in order to calculate the colony-
forming units (CFU) density (CFU/mL) of mutans streptococci
and lactobacilli for each subject during (T1) and immedi-
ately after (T2) the treatment.

Therefore, in total, three saliva samples (T0, T1, and T2)
were taken for each individual.

During the 7-day experimental period no alterations were
made to the subjects’ diet and oral hygiene procedures.

Experiment design: Group B. Thirty-three subjects
were enrolled in this group. Prior to the start of the experi-
ment, the subjects’ salivary concentration of mutans strep-
tococci and lactobacilli was calculated in a sample of saliva,
in order to establish the baseline levels (T0) with the same
procedure given above for Group A.

After the first collection of sample, Group B partici-
pants rinsed with 40 mL of a placebo mouth rinse that did
not contain green tea infusion, for 1 minute, three times a
day (after breakfast, after lunch, and before sleeping) for 7
days.

Subsequent saliva samples were obtained on days 4 (T1)
and 7 (T2) after the beginning of the study.

During the 7-day experimental period no alterations were
made to the subjects’ diet and oral hygiene procedures.

Mouth-rinse formulation

Two different mouth-rinse formulations were prepared.
For Group A (experimental), the mouth rinse was prepared
with pulverized Camellia sinensis leaves. For each rinsing,
1.6 g of pulverized leaves was suspended in 40 mL of dis-
tilled water at 100�C for 3 minutes. After this procedure the
mouth rinse was kept at room temperature. For Group B
(placebo), 40 mL of distilled water was colored with food
dye. Both mouth rinses were put into hermetically sealed
plastic bottles.

At the end of the treatments the data were processed with
Statistical Package for Social Sciences software version
10.0 (SPSS Inc., Chicago, IL, USA). A regression binary
logistic analysis was done. The statistical significance level
was established at P < .05.

908 FERRAZZANO ET AL.



RESULTS

The mean stimulated saliva secretion rate was
1.41 – 0.53 mL/minute.

The CRT Bacteria test results are expressed as a low
( < 105 CFU) or a high ( > 105 CFU) bacterial count.

Statistical analysis within Group A

Variations in mutans streptococci and lactobacilli CFU
density (CFU/mL) at T0, T1, and T2 for the test group are
summarized in Figure 1A and 1C, respectively.

The differences in mutans streptococci CFU density
(CFU/mL) between T0 and T1 were statistically significant
(P < .001), between T0 and T2 they were statistically sig-
nificant (P < .001), and between T1 and T2 they were not
statistically significant.

The differences in lactobacilli CFU density (CFU/mL)
between T0 and t1 were statistically significant (P < .001),
between T1 and T2 they were not statistically significant
(P < .001), and between T0 and T2 they were statistically
significant (P < .001).

Statistical analysis within Group B

Variations in mutans streptococci and lactobacilli CFU
density (CFU/mL) at T0, T1, and T2 for the control group
are represented in Figure 1B and 1D, respectively.

The differences in mutans streptococci CFU density
(CFU/mL) between T0 and T1, T0 and T2, and T1 and T2,
respectively, were not statistically significant.

The differences in lactobacilli CFU density (CFU/mL)
between T0 and T1, T0 and T2, and T1 and T2, respectively,
were not statistically significant.

Statistical analysis between Groups A and B

At T0 the differences in mutans streptococci CFU density
(CFU/mL) between Groups A and B were not statistically
significant, whereas at T1 and T2 the differences were sta-
tistically significant: T1, odds ratio = 3.12 (95% confidence
interval = 1.13–8.60); T2, odds ratio = 4.2 (95% confidence
interval = 1.44–11.23) (Table 1).

At T0 the differences in lactobacilli CFU density (CFU/
mL) between Groups A and B were not statistically sig-
nificant, whereas at T1 and T2 the differences were statis-
tically significant: T1, odds ratio = 4.02 (95% confidence
interval = 1.44–11.23); T2, odds ratio = 4.24 (95% confi-
dence interval = 1.47–12.16) (Table 2).

DISCUSSION

The primary etiological dental caries agents are known
to be several restricted strains of oral bacteria; thus, the
majority of current commercial antiplaque products are

FIG. 1. Variation in mutans streptococci and lactobacilli colony-forming units (CFU) density (CFU/mL) at baseline (T0), 4 days (T1), and 7
days (T2): (A) mutans streptococci variation for Group A (experimental); (B) mutans streptococci variation for Group B (placebo); (C) lactobacilli
variation for Group A (experimental); (D) lactobacilli variation for Group B (placebo).
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antimicrobial compounds, but many antibiotic and chemical
bactericides currently used may disturb the bacterial flora of
the oral cavity, resulting in induction and overgrowth of
antibiotic-resistant bacteria and other opportunistic patho-
gens such as Candida albicans.16 So, many researchers in
the world have been searching for alternatives to prevent the
occurrence of this process, for example, using natural sub-
stances, derived from food.

The analysis of the literature suggests that diet may in-
fluence dental decay experience in two ways: it may inhibit
or it may promote the disease. Far more is known about
dietary factors that promote dental decay than those that
inhibit it.

The studies carried out in these last decades have sup-
ported the antibacterial role of polyphenols, but at present
their potential use in the control of bacteria responsible for
cariogenesis is still under scrutiny.17

A relatively larger body of evidence has been accumu-
lated on the effects of tea (particularly green tea) on plaque
formation, whereas the data on sources of other polyphenols
are at a preliminary stage, although in the case of cranberry
numerous findings have been accumulating.18

The present in vivo study has shown that 60% of subjects
using a green tea mouth rinse presented a significant low-
ering of levels of mutans streptococci and 42.4% of subjects
using this green tea mouth rinse presented a significant
lowering of levels of lactobacilli compared with the subjects
using placebo mouth rinse. This is probably due to the an-
tibacterial properties of polyphenols associated with the
inhibition of adherence of bacterial cells to tooth surfaces.10

In fact, the results from the present study on the activity of
in vivo tea extracts against oral microorganisms support the
hypothesis that tea exerts an anticaries effect via an anti-
microbial mode of action.19

Concerning mutans streptococci, the trend of reduction in
the bacterial counts for the test group is directly proportional
to the exposure time to green tea mouth rinse. In addition,
the slight increase in the salivary lactobacilli CFU density
(CFU/mL) observed at t2 relative to t1 in the experimental
group, although not statistically significant, should be due to
the establishment of an intrinsic mechanism of bacterial
resistance.

Our findings reflected what has been found in the litera-
ture, where the association between the use of specific foods
and reduction of oral cariogenic bacteria has emerged.20

Therefore, our study, demonstrating the in vivo effect of
tea extracts on cariogenic bacteria, could open a promising
avenue of application because such extracts are relatively
safe, have acceptable taste and odor, and could be used at a
reasonable cost in the preparation of specific anticariogenic
remedies.

Furthermore, because in the literature there are only a few
studies on the in vivo antibacterial effect of green tea in
humans,10 an innovative noninvasive in vivo investigation
has been performed, focused on the applicability of a
common beverage with therapeutic effects on human health.
Finally, it should be emphasized that the present experi-
mental procedure has demonstrated its validity as far as the
original aim of the study is concerned: it is sufficiently
sensitive in quantifying variations in mutans streptococci
and lactobacilli CFU density (CFU/mL), and it is easy to
perform.

CONCLUSIONS

The present study demonstrated that daily use of a
mouthwash of green tea infusion could reduce the salivary
levels of mutans streptococci and lactobacilli, which are the
most virulent cariogenic pathogens in the oral cavity. This
approach could be an alternative strategy for the prevention
of dental caries.

More studies, particularly in vivo and in situ, are neces-
sary to establish conclusive evidence for the effectiveness of
polyphenols against dental caries with the aim of improving
oral health; it is essential to determine the nature and dis-
tribution of these compounds in our diet and to better
identify which of the hundreds of existing polyphenols
are likely to provide the greatest effects. As the evidence
of therapeutic effects of dietary polyphenols continues
to accumulate, it is becoming more and more important
to understand the nature of in vivo absorption and metabo-
lism.
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