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Objectives: Polyphenols are antibacterial and anti-oxidative natural agents. The present in

situ study aimed to investigate the effect of different polyphenolic beverages on initial

bacterial adherence to enamel in the oral cavity.

Methods: Initial biofilm formation was performed on bovine enamel specimens mounted

buccally on individual upper jaw splints and carried by six subjects. After 1 min of pellicle

formation, oral rinses with black tea, green tea, grape juice, Cistus tea or red wine were

performed for 10 min. Afterwards the slabs were carried for another 19 or 109 min, respec-

tively. Samples exposed to the oral fluids for 30 and 120 min served as controls. Following

intraoral exposure, the slabs were rinsed with saline solution. The amount of adherent

bacteria was determined with DAPI-staining (40,6-diamidino-2-phenylindole) and with

fluorescence-in situ hybridization (FISH) of eubacteria and streptococci.

Results: Rinses with all beverages reduced the amount of detectable bacteria. Lowest

number of adherent bacteria was found following rinses with red wine, Cistus tea and

black tea as measured with DAPI (up to 66% reduction of adherent bacteria vs. controls). Also

FISH revealed significant impact of most tested beverages.

Conclusions: Rinses with certain polyphenolic beverages as well as consumption of these

foodstuffs may contribute to prevention of biofilm induced diseases in the oral cavity.

# 2009 Elsevier Ltd. All rights reserved.
1. Introduction

The two challenging diseases in dentistry, caries and period-

ontitis are caused by pathogenic oral biofilms.1,2 Chlorhex-

idine is a well proven rinse for the biofilm management in the

oral cavity, especially in acute infections or before and after

oral surgery.3,4 However, chronic adoption of chemothera-

peutics such as chlorhexidine cannot be recommended as this

may induce resistances of some bacterial strains as well as a

general shift of the oral flora and irritations of the taste.5,6

Accordingly, mild agents are desirable for complementary

plaque control and disinfection of the oral cavity, character-
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istics provided by certain natural agents.2 Polyphenols are a

group of natural organic substances with two or more phenol

units. They are classified either as hydrolyzable tannins such

as gallic acid esters of glucose and other sugars or as

phenylpropanoids like lignins or flavonoids, respectively.

Polyphenols are regarded as the most abundant antioxidants

in diet yielding free radical-scavenging properties.7 Thus,

these natural substances are discussed as potential candi-

dates for chemoprevention and treatment of cancer and

cardiovascular diseases, though extensive further research is

required to validate their benefits.8 Even neuroprotective

properties and possible benefits on Alzheimer’s disease by
).
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Table 1 – Polyphenolic beverages used for 10 min mouth rinses in the study.

Producer Preparation

Red wine Rioja 2006 (Viña Pasarela, Alfaro, Spanien) –

Purple grape juice Black grape juice, unfiltered

(Alnatura, Bickenbach, Deutschland)

–

Cistus tea Cistus incanus, Zistrose Bio Tee,

Dr. Pandalis Naturprodukte, Glandorf, Germany

A volume of 200 ml of no longer boiling hot water was added

to 2 g of dried Cistus tea, the tea was infused for 7 min

Black tea Darjeeling (Tea Götz GmbH, Hannover, Germany) A volume of 200 ml of no longer boiling hot water was added

to 4 g of dried black tea, the tea was infused for 7 min

Green tea Gunpowder (Alnatura, Bickenbach, Germany) A volume of 200 ml no longer boiling hot water was added

to 4 g of dried Green-tea, the tea was infused for 7 min
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breakdown of beta-amyloid and direct effects on neural

tissues are described in the literature.7,9 Also anti-viral

properties have been described for certain polyphenolic

compounds.10,11 Besides these special features, polyphenols

are known to have antibacterial effects.12,13 Beverages rich in

polyphenols are red wine, black tea and green tea. A

disadvantage of red wine is the presence of ethanol but

several studies have shown up that the beneficial effects of red

wine in prevention of cardiovascular diseases can be achieved

with grape juice, too.14 Another tea, rich in polyphenols

besides green and black tea is Cistus which has considerable

impact on the initial bacterial colonization of enamel

surfaces.15

The adherence of micro-organisms to solid substrates in

the oral cavity is governed by the pellicle, a layer formed

almost immediately from the oral fluids.16 Polyphenols seem

to have a tanning effect on this proteinaceous film to become

physically harder.16,17 It is noteworthy that black tea extract

was shown to decrease caries formation in hamsters18; and

wines are active against oral streptococci.19

However, the impact of other polyphenolic beverages than

Cistus tea on the initial bacterial adherence to enamel in situ

has not been quantified systematically until now.

Modern fluorescence microscopic methods, i.e. DAPI-

staining and FISH allow exact quantification of adherent

micro-organisms.20,21 Thus, the present study aimed to

investigate the effect of consuming different common poly-

phenolic beverages on initial bacterial adherence in situ in

comparison to Cistus tea as a sequel to a previous investiga-

tion.15
2. Methods

2.1. Subjects and specimens

Six healthy volunteers participated in the study. Visual oral

examination was carried out by an experienced dentist. The

subjects showed no signs of gingivitis or caries. Informed

written consent had been given by the subjects about

participation in the study. The study design was reviewed

and approved by the Medical Ethic Committee of the Medical

Association of Saarland, Germany (52/05). Cylindrical enamel

slabs (diameter 5 mm, 19.63 mm2 surface area, height 1.5 mm)

were prepared from labial surfaces of bovine incisors of BSE-

negative 2-year-old cattle. The surfaces were polished by wet

grinding with abrasive paper (400–4000 grit). The smear layer

on the slabs was removed by ultrasonication with NaOCl for
3 min.21–23 Afterwards, the samples were disinfected in

ethanol (70%) for another 3 min, washed in distilled water

and stored in aqua dest. for 24 h before exposure in the oral

cavity.22

2.2. Pellicle and initial biofilm formation, application of
the polyphenolic beverages

For in situ pellicle formation, individual upper jaw splints were

vacuum-formed from 1.5 mm thick methacrylate foils. Cav-

ities were prepared in the buccal aspects of the splints at the

sites of the premolars and the 1st molar on the left and on the

right side (n = 4/splint). The slabs were fixed on the splints with

polyvinyl siloxane impression material (Aquasil light body,

Dentsply DeTrey, Konstanz, Germany), exposing only the

surfaces of the specimens to the oral environment.

The splints were carried in the oral cavity for 1 min to allow

pellicle formation on the surfaces. Afterwards, the subjects

rinsed for 10 min with 200 ml of different polyphenolic

beverages (Table 1). A mouthful of the certain fluids was kept

in the oral cavity and swallowed or disgorged, followed by

another sip, simulating slow consumption of these fluids. The

temperature of the beverages was 20 8C. After the rinse, the

splints remained in the oral cavity for another 19 or 109 min. In

the following, the enamel slabs were immediately dismounted

from the splints and thoroughly rinsed with running tap water

for 5 s in order to remove non-adsorbed salivary remnants.

Samples exposed to the oral fluids for 30 and 120 min without

application of a beverage served as controls. One experiment

was carried out per subject and day at 10.00 a.m. to ensure

standardized application and a wash out of the polyphenolic

beverages, one pass of the experiments was performed per

subject and per beverage for 30 or 120 min each, respectively.

The 4 enamel slabs per pass and subject were tested for the

amount of adherent bacteria with DAPI and FISH, each with

two samples.

2.3. Total bacterial count (DAPI)

DAPI-staining was conducted as described previously.21 40,6-

diamidino-2-phenylindole (DAPI) stains DNA unspecifically by

binding to the AT-rich regions of double stranded DNA.24 Upon

binding to DNA, the DAPI-molecule fluoresces intensely. For

staining, enamel slabs were covered with 1 ml DAPI solution

(Merck, Darmstadt, Germany). After 10 min the DAPI solution

was removed by rinsing with distilled water. Subsequently,

the enamel specimens were dried at room temperature and

coated with Citifluor (Citifluor Ltd., London, UK) on a slide and
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analysed by epifluorescence microscopy (Axioskop II, Zeiss,

Oberkochen, Germany). The initial biofilms were analysed

with 1000-fold magnification using a light filter for DAPI (BP

365, FT 395, LP 397). The number of cells observed in 10

randomized microscopic ocular grid fields per sample was

counted. The area of ocular grid (0.0156 mm2) allowed

estimating the numbers of bacteria per cm2.

2.4. Fluorescence in situ hybridization (FISH)

FISH was conducted according to Amman et al. and was

adapted on bovine enamel slabs as described previously.20,21,25

Initial biofilms formed on enamel slabs were fixed in 4%

paraformaldehyde in phosphate-buffered saline (PBS, 1.7 mM

KH2PO4, 5 mM Na2HPO4 with 0.15 M sodium chloride, pH 7.2) for

12 h at 4 8C. After fixation, all specimens were washed with

phosphate-buffered saline and incubated again in a solution

containing ethanol (50% in PBS, v/v). Subsequently, the speci-

mens were washed twice with PBS, followed by incubation in a

solution containing 7 mg of lysozyme (hen egg white, 105,000 U/

mg, Fluka, Buchs, Switzerland) per ml of 0.1 M Tris–HCl, 5 mM

EDTA (pH 7.2), for 10 min at 37 8C in order to permeabilize the

bacteria. Afterwards, the samples were dehydrated with a

series of ethanol washes. Specimens were then incubated with

the oligonucleotide samples at a concentration of 50 ng per

20 ml of hybridization buffer (0.9 M NaCl, 20 mM Tris–HCl (pH

7.2), 25% formamide (v/v) and 0.01% sodium dodecyl sulphate

(w/v)). Following probe hybridization, specimens were incu-
Fig. 1 – DAPI-staining after rinses with polyphenolic beverages fo

at buccal sites of the upper 1st and 2nd premolar and 1st molar

per subgroup (n = 6 subjects, 2 samples per subject, beverage a

different from controls are marked (*).
bated for 15 min in wash buffer containing 20 mM Tris–HCl (pH

7.5), 5 mM EDTA, 159 mM NaCl and 0.01% sodium dodecyl

sulphate (w/v). After washing, the labelled biofilms were

analysed by epifluorescence microscopy (Axioskop II, Zeiss,

Oberkochen, Germany) at a magnification of 1000-fold. The

number of bacterial cells detected in 10 randomized micro-

scopic ocular grid fields per specimen was counted. The size of

the counting field (0.0156 mm2) allowed calculation of the

bacterial cells/cm2. Both HPLC purified oligonucleotide probes

for streptococci and eubacteria used in this study were

synthesized commercially and 50-end labelled with different

fluorochromes (Thermo Electron GmbH, Ulm, Germany). EUB

338 (50-GCTGCCTCCCGTAGGAGT-30) was labelled with fluor-

escein and used to visualize the entire bacterial population

within the plaque specimens. STR 405 (50-TAGCCGTCCC-

TTTCTGGT-30) was 50-labelled with cy3 and used to visualize

oral streptococci.

2.5. Statistics

Statistical evaluation was performed by ANOVA followed by the

Scheffé-procedure (p < 0.05). The software used was SPSS 16.0.
3. Results

With both methods, a significant impact of the polyphenolic

beverages on the amount of detectable adherent bacteria was
r detection of adherent bacteria. Exposition of enamel slabs

for 30 and 120 min, respectively, MV W S.D., n = 12 samples

nd oral exposure time, respectively). Data significantly



Fig. 2 – Fluorescence in situ hybridization (FISH) for detection of adherent eubacteria (Eub) and streptococci (Strept) after

rinses with polyphenolic beverages. Exposition of enamel slabs at buccal sites of the upper 1st and 2nd premolar and 1st

molar for 30 and 120 min, respectively, MV W S.D., n = 12 samples per subgroup (n = 6 subjects, 2 samples per subject,

beverage and oral exposure time). Data significantly different from controls are marked (EUB: *, STREP: #).
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observed (ANOVA; FISH, DAPI: p < 0.000) (Figs. 1 and 2). The

rinses with the different beverages had no effect on the

general appearance of the bacterial aggregates as observed

with CLSM (Fig. 3). Single bacteria as well as chains or mono-

layered aggregates of micro-organisms were detectable at the

surfaces of the enamel slabs. Mainly cocci but also rods and

fibrils were visible.

3.1. DAPI

Significantly strongest reduction of bacterial adherence was

observed with Cistus tea, red wine and grape juice, whereas

green tea was of lowest efficacy, especially after the 30 min

period (Fig. 1). After 30 min a reduction of up to 50% vs.

controls was observed with Cistus tea, red wine and grape

juice; after 120 min even up to 66% less bacteria were detected

after application of these beverages as compared with

unrinsed samples. However, the oral exposure time had no

effect on the amount of micro-organisms detectable on

control specimens.

3.2. FISH

With FISH less pronounced effects were recorded as compared

with the DAPI-data (Fig. 2). However, a significant reduction of

adherent bacteria was observed with all beverages except of

grape juice after 30 min (Fig. 2). After 120 min all samples

rinsed with polyphenolic beverages exposed fewer eubacteria

and streptococci than the control specimens.
Also with FISH no significant impact of the oral exposure

time on the amount of detectable micro-organisms was found.
4. Discussion

Biofilm formation on the tooth-surface is determined con-

siderably by the process of initial bacterial adherence to the

pellicle layer.21,26–28 Mechanisms like co-adhesion of bacteria

as well as the interactions with the pellicle components

contribute to this process.27,28 Thus, samples exposed to the

oral fluids for 30 or 120 min, respectively, were evaluated.

Furthermore, the study focussed on buccal sites as in a

previous reference study.21 DAPI and FISH are accepted

methods for the visualisation and quantification of micro-

organisms in the adherent state. Both methods had been

adapted to the investigation of initial biofilms formed in situ in

the oral cavity. Thereby, the use of bovine enamel slabs is a

well established approach for standardized plaque and pellicle

formation.20,21,29 The polyphenolic compounds were con-

sumed over a 10 min period simulating a slow drinking and

rinsing which is not uncommon for these beverages. As in

previous studies, a considerable intraindividual and inter-

individual variability was recorded which seems to be

characteristic for initial bioadhesion in the oral cavity.

However, with FISH and especially with DAPI-staining, a

significant reduction of adherent bacteria was recorded. This

was particularly true for Cistus tea, red wine and black tea,

respectively. However, the effects observed with FISH were



Fig. 3 – Visualization of adherent bacteria by FISH after 120 min exposure to the oral fluids. Figures (a and b: controls) as well

as (c and d: green tea) and (e and f: grape juice) depict the same sections; eubacteria (green) and streptococci (magenta).

Please note single bacteria as well as chains and aggregates of micro-organisms. Original magnification: 1000-fold. (For

interpretation of the references to color in this figure legend, the reader is referred to the web version of the article).
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not as pronounced. The bacteria detected with FISH are

assumed to represent the major part of viable micro-

organisms,20 due to the relative abundance of ribosomes in

sound bacteria required for this method.25,30 However, the

staining of cells that died just before fixation cannot be
excluded. In a 2-day-old oral biofilm from different subjects,

77% of the bacteria were shown to be viable using a vital

fluorescence assay, 31 whereas approximately 57% of the

bacteria adhering during the first 120 min yielded viability.21

This corresponds well to the present data; irrespective of the
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rinses, more bacteria were detected with DAPI based on a

general DNA-staining than with FISH.

The reduction of bacterial adherence to the pellicle layer

and the antibacterial effects may be induced by several

different mechanisms.32 Relevant polyphenolic compounds

are catechins, and flavonal-O-glycosides such as myricetin-

galactoside, myricetin-rhamnoside and quercetin-gluco-

side.32 Among them, catechins are regarded as the most

relevant molecules for antibacterial effects.33 A mixture of

catechins inhibited the adherence of streptococci on hydro-

xyapatite in a previous study.34 Polyphenolic compounds are

also capable of reducing the viability of these bacteria in vitro.13

The inhibition of salivary enzymes involved in the

carbohydrate anabolism and catabolism of glucolytic bacteria

might also be a complementary factor. Amylase as well as

glucosyltransferases are inhibited by polyphenols.35,36 A

reduction of glucan-formation by glucosyltransferase means

also less binding sites for specific bacterial adhesion to the

tooth surface.37 Furthermore, other bacterial enzymes are

inhibited by polyphenols.38 Nevertheless, a previous in situ

study showed up that Cistus tea had no impact on enzyme

activities immobilised in the acquired pellicle.15

Besides these influences on enzymes, polyphenols have

tanning effects on the pellicle and its proteinaceous compo-

nents.16,39,40 This might mask or denature the functional

groups of receptor proteins aggravating interactions with

bacteria. Typical pellicle components such as histatin or

proline rich proteins interact with polyphenols thereby

forming complexes.41,42 This explains their astringent proper-

ties.42

These mechanisms do not only occur directly at the tooth

surface, but also affect bacteria and enzymes in the saliva or

on the soft tissues, respectively. This is of great interest as the

upper surface of the tongue is regarded as some kind of

reservoir for bacterial (re)-colonization of the tooth surfaces

after oral hygiene procedures. The amount of bacteria present

at the tongue after rinses with polyphenolic beverages

requires further investigation.

All in all, polyphenolic rinses do not eliminate bacterial

adherence to the tooth surface but some of them reduce it

considerably. This can be regarded as an additive positive side

effect of these beverages which are regarded helpful in the

prevention of cardiovascular diseases.8 However, from a

cariological point of view, the characteristics of the certain

polyphenolic foods have to be analysed in detail. Unfiltered

purple grape juice might reduce bacterial adherence but due to

the erosive pH of any fruit juices43 and due to the fructose

content it cannot be recommended as a prophylactic regimen

in dentistry.44 Also the adoption of red wine is difficult because

of the alcoholic content especially for patients suffering from

Xerostomia or for children. Green tea was not as effective as

Cistus tea or black tea regarding the DAPI-data. It may be

postulated that some kind of fermentation is necessary for the

full establishment of the antibacterial properties of black tea.

Also the thein of black tea might be problematic though it

contains considerable amounts of fluoride. Last but not least,

Cistus tea was included in the study. This tea does not contain

any serious components and is therefore recommendable

even for children or for patients with Sjögreńs syn-

drome.10,15,45
5. Conclusions
� S
ome polyphenolic beverages reduce initial bacterial

adherence to enamel in situ beside their well-known

antibacterial properties.
� C
onsumption of certain polyphenolic beverages as well as

rinses might contribute to prevention of biofilm induced

diseases in the oral cavity.
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