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Abstract: In this study the in vitro investigation of the inhibitory effect of ethanol extract of Viburnum opulus L. bark sample on
Streptococcus mutans planctonic cells and biofilm has been intended. A Scanning electron microscopy analysis has been performed in order
to investigate the inhibitory effect of the extract on Streptococcus mutans biofilms. Furthermore, the Exopolysaccharide and dextran
production of this bacteria have been identified in the presence of the extract. It has been found out that the bark extract with the
concentration of 2,5 mg/mL is able to inhibit more than 50% of the cells in the different times development phases. According to this, the
exopolymeric matrix on the biofilm surface disperses and the Exopolysaccharide and dextran production get lowered in the pres ence of bark
extract compared to the control group. It is considered that this extract can be used as an alternative approach for the new chemotherapeutic
strategies against tooth decay.
Keywords: Viburnum opulus; Streptococcus mutans; Antibiofilm; Anti-biofouling; Dental plaque.

Resumen: En este estudio se investigó el efecto inhibitorio in vitro del extracto de etanólico de una muestra de corteza de Viburnum opulus
L. en biopelículas de células planctónicas de Streptococcus mutans. Se realizó un análisis de microscopía electrónica de barrido para
investigar el efecto inhibitorio del extracto sobre las biopelículas de Streptococcus mutans. Además, se identificó la producción de
exopolisacárido y dextrano de esta bacteria en presencia del extracto. Se descubrió que el extracto de corteza con una concentración de 2,5
mg/ml inhibió más del 50% de las células en las diferentes fases de desarrollo. Consecuentemente, la matriz exopolimérica en la superficie
de la biopelícula se dispersa y la producción de exopolisacárido y dextrano se reduce en presencia de extracto de corteza en comparación
con el grupo de control. Se sugiere que este extracto puede ser usado como un enfoque alternativo para las nuevas estrategias
quimioterapéuticas contra la carie dental.
Palabras clave: Viburnum opulus; Streptococcus mutans; Anti-biofilm; Anti-bioincrustante; Placa dental.
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INTRODUCTION
Dental caries is one of the most common infectious
diseases in humans and it is initiated by the formation
of dental plaque biofilms. Although different types of
bacteria have been found to be associated with
pathogenesis of dental caries, the mutans
streptococcal group represented by Streptococcus
mutans is considered to be a major etiologic agent in
the pathogenesis of dental caries (Liu et al., 2011). S.
mutans effectively utilizes dietary sucrose to
synthesize large amounts of exopolysaccharides,
which play an important role in the accumulation,
adhesion, and plaque matrix formation of
microorganisms (Goulhen et al., 2003). These
bacteria can survive at low pH values that are toxic to
many other bacteria species (Bos et al., 1999). The
acidogenic and aciduric (associated with acid
tolerance) properties of S. mutans, with its ability to
synthesize extracellular glucans, are the major factors
for the development and establishment of cariogenic
biofilms (Loesche et al., 1986; Marsh &
Bradshaw,,1995). These properties of S. mutans
could be the primary targets for chemotherapeutic
agents to prevent the formation of cariogenic
biofilms. The strategies of controlling biofilm aiming
at disrupting bacterial virulence offer an attractive
and alternative approach to the traditional
antimicrobial therapy based on the use of broad
spectrum microbiocides (Sagdic et al., 2006).
The genus Viburnum L. (Caprifoliaceae)
comprises more than 230 species distributed from
South America to Southeast Asia and the majority of
them are being endemic (Lobstein et al., 1999). The
genus is represented by four species in the flora of
Turkey; V. opulus L., V. lantana L., V. orientale
Pallas, and V. tinus L (Davis et al., 1988). In the
Central Anatolia, a traditional beverage named
gilaburu has been made from V. opulus whose fruits
have a dark-red color and are edible. V. opulus are
grown as ornamental plants and the dried fruits are
used for complaints of uterine cramps, colicky pains
in pelvic organs in many countries (Prajabati et al.,
2003).
The species of genus Viburnum are known to
contain triterpenoids, diterpenoids, sesquiterpenes,
iridoids, and polyphenols (Tao et al., 2007). Due to
the medicinal properties of this genus, the aim of this
study is to investigate the susceptibility of S. mutans
biofilms to V. opulus leaf and bark extracts, with an
emphasis on determining the effects of this extract on

various biofilm growth phases and architectural
organization.
MATERIALS AND METHODS
Bacterial strain
S. mutans ATCC 25175 (Microbiologics KWIK
STIK 0266P) was used. The cells containing 25%
glycerol were stored frozen at -80ºC. Inocula were
prepared from 24 h old cultures in Nutrient Broth
(Difco).
Plant extract
V. opulus leaf and bark samples have been collected
from Kayseri (Gesi village), Turkey. The plant
materials have been dried and powdered. The
ethanolic (70%) extracts of each sample have been
prepared by stirring on a magnetic stirrer at 37ºC for
three days. The extracts have been further dried in a
desiccator under vacuum and the residues containing
water have been dried by lyophilisation.
Plant extracts susceptibility in S. mutans planktonic
cells
Serial two-fold dilutions of plant extracts stock
solutions in NB (Nutrient Broth) were prepared in
eppendorf tubes over a range of 0.625-10 mg/ml.
Inoculum was prepared in NB, and the density was
adjusted to 0.5 Mcfarland standards (10 8 CFU ml-1).
Then, 100 μl S. mutans planktonic cells were mixed
with 100 μl extract of various concentrations in a
sterile 96-well plates to give a final volume of 200 μl
and incubated at 37ºC for 24 h. The data were
obtained from three independent experiments. For the
positive control, the planktonic cells were incubated
in the presence of 100 μl NB without any extract and
for the negative control, only 200 μl NB was
incubated in wells under the identical conditions. The
minimum
inhibitory
concentrations
(MIC)50
(minimum inhibitory concentrations) for the
planktonic cells were defined as the minimum
antibacterial concentration that caused ≥ 50%
bacterial inhibition (Pu et al., 2014).
Measurement of biofilm metabolic activity by XTT
reduction assay
A semi-quantitative measurement of bacterial biofilm
formation was obtained from the 2,3-bis(2-methoxy4-nitro-5-sulfophenyl)-5-[(phenylamino) carbonyl]2H-tetrazolium hydroxide (XTT) reduction assay
(Meshulam et al., 1995). NB medium supplemented
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with 1% sucrose was used in the study and S. mutans
biofilm experiments were performed in untreated
96-well plates. All media were autoclaved 15 min at
121ºC. Sugar was seperately autoclaved. The
extracted plant was sterilized by the filtration through
a 0.45µm membrane filters. The wells of the 96-well
plates were incubated for various time periods (8 and
24 h) in 100 μL S. mutans suspension adjusted to 0.5
Mcfarland standards at 37ºC. The medium in each
well was removed at the indicated time points and the
biofilms were washed twice with phosphate-buffered
saline (PBS). Following the removal of PBS, 100 μL
extract solution of various concentrations (0.3125-5
mg/mL) were added to one well of a 96-well plates
and then incubated for additional 48 h at 37ºC. A
formazan salt-based XTT reduction assay was
performed to assess the metabolic activity. All the
tests were performed in duplicate. The positive and
negative controls were established as previously
designated. Then for the bacterial strains, 100 μL of
XTT kit solution (Appli Chem Panreac A80881000)
were added to each well. The microtiter plates were
incubated at 37ºC for 2 h. The colorimetric change
was measured using a microtiter reader (Labsystems
Multiskan MS; Labsystems, Finland) at 450 nm.
Culture conditions for exopolysaccharide (EPS) and
dextran production
NB medium with 1% (w/v) sucrose was used for the
production of EPS and dextran. Moreover, in order to
study the influence of the plant extract on EPS and
dextran production by strain, S. mutans were added to
NB medium with 1% (w/v) sucrose medium at the
concentration of 5 mg/mL. All media, sugar and plant
extract were sterilized as described above.
EPS production of S. mutans
Broth cultures were incubated at 30ºC for 24 h after
inoculation. The cultures were boiled at 100ºC for 10
min. After cooling, they were treated with 1.7 μL
trichloracetic acid solution (85%) and centrifuged.
After the removal of the cells and protein
centrifugation, the EPS was precipitated with ethanol
(95%). The EPS was recovered by centrifugation at
4ºC at 14.000 g for 20 min. After the centrifugation
(12.000 g for 30 min at 4ºC), the pellets were
dissolved in the distilled water (Frengova et al.,
2000). Total EPS (expressed as mg L-1) was
estimated in each sample by phenol sulphuric method

(Dubois et al., 1956) using glucose as standard
(Torino et al., 2001). All the tests were performed in
duplicate.
Dextran production of S. mutans
Isolation of bacterial dextran was done as described
by Quader et al (Quader et al., 2005). NB medium
with 1% (w/v) sucrose (9 mL) was inoculated with 1
mL of inoculum (density was adjusted to 0.5
Mcfarland standards) and incubated at 37ºC for 24h.
After the incubation time this culture (10 mL) was
transferred to NB medium with 1% (w/v) sucrose (90
ml) and incubated at 37ºC for 24h. pH of this culture
medium reduced from 7.5 to 5.5 during the
fermentation. The culture medium after 24 h of
incubation was precipitated by using chilled ethanol.
In the first step, equal amount (100 mL) of ethanol
was added, stirred well and centrifuged. The
supernatant was decanted. In the second step, chilled
ethanol was added with constant stirring and
precipitates of dextran appeared. It was allowed to
stand for 5-10 minutes and supernatant was again
decanted. After standing 10 minutes chilled ethanol
was added again and dextran was precipitated. The
precipitated dextran was filtered and dried. The yield
was calculated on dry weight basis. All the tests were
performed in duplicate.
S. mutans biofilm formation with cover slips
Cover slips (0.8 x 0.8 cm) that were used for biofilm
growth were soaked into concentrated sulfuric acid
overnight. The following day, the concentrated
sulfuric acid was washed with flowing water and the
clean cover slips were immersed in 95% alcohol
overnight. All the cover slips were washed three
times with deionized water. For biofilm growth on
the treated cover slips, as aforementioned, the cover
slips were placed in 24-well plates and immersed in
fetal bovine serum (FBS) at 4ºC overnight. Following
this pretreatment, the cover slips were washed with
PBS (0.01 M) to remove the residual FBS. In order to
ensure uniform biofilm formation, the cover slips
were immersed in 1 mL standardized cell suspension
(0.5 Mc Farland) and incubated at 37ºC for 90 min.
The cover slips were lifted carefully using tweezers
and gently placed in each well of the 24-well plates
containing 1.5 mL fresh NB medium. Samples were
incubated at 37ºC for various durations (Pu et al.,
2014).
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Susceptibility of the biofilms to plant extract
To evaluate the plant extract susceptibility of S.
mutans cells grown in developing biofilms, the
pretreated cover slips were immersed in 1 mL
standardized cell suspension (0.5 Mc Farland) and
incubated at 37ºC for 90 min. The cover slips were
lifted carefully using tweezers and gently placed in
each well of the 24-well plates containing 1 mL fresh
NB medium. A 5 mg/mL plant extract was added to
24-well plates with cover slips and incubated at 37ºC
for an additional 8 and 24 hours (Pu et al., 2014).
Scanning electron microscopy (SEM)
S. mutans biofilms were grown on pretreated cover
slips in 24-well plates, as described previously. In the
plant extract group, S. mutans biofilms were
incubated in 5 mg/ml plant extract. For the positive
control, S. mutans biofilms were incubated in the
presence of 200 μL NB without extract for 24 h. The
cover slips with biofilms were subsequently washed
three times with PBS and transferred to an additional
24-well plate containing 2.5% glutaraldehyde at 4ºC.
The samples were prepared using a regular method
for an electron microscopy examination (Tsang et al.,
2012) and viewed under an S-3000N scanning
electron microscope (Hitachi High-Technologies,
Tokyo, Japan). Two separate sets of culture were

prepared.
Statistical analysis
Statistical analyses were performed using SigmaPlotSigmaStat (version 12.0; Systat Software, Inc.)
Student’s t test. P values were calculated by the
analysis of variance and p values of < 0.05 were
considered significant.
RESULTS
MIC values of plant extracts on S. mutans
planktonic cells
MIC tests of ethanol extracts of leaf and bark
specimens were performed. Figure No. 1 and Figure
No. 2 show the results of the experiment assessing
the effect of ethanol extracts of leaf and bark
specimens at various concentrations on S. mutans
planktonic cell growth. The leaf extract, at a
concentration of > 5mg/mL, was shown to inhibit the
activity of S. mutans planktonic cells grown for 24 h.
In addition, the bark extract, at a concentration of >
2.5 mg/mL, was shown to severely inhibit the activity
these planktonic cells. The OD decreased
significantly when compared with the positive control
(p < 0.05). Due to stronger antimicrobial activity of
the bark extract on bacteria, the study was continued
with only the bark extract.

Figure No. 1
Growth curve of S. mutans planktonic cells with plant leaf extract. Planktonic cells were co incubated with
various concentrations (10, 5, 2.5, 1.25 and 0.625 mg/mL) of plant leaf extract for 24 NB served as a negative
control. The line curves show that plant leaf extract (> 5 mg/mL) inhibited the growth of S. mutans.
Experiments were conducted three times, with similar results each time
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Figure No. 2
Growth curve of S. mutans planktonic cells with plant bark extract. Planktonic cells were co incubated with
various concentra¬tions (10, 5, 2.5, 1.25 and 0.625 mg/mL) of plant bark extract for 24 NB served as a
negative control. The line curves show that plant bark extract (> 2.5 mg/mL) strongly inhibited the growth of
S. mutans. Experiments were conducted three times, with similar results each time

S. mutans biofilm formation
An XTT reduction assay was used to quantify the
effects of this plant extract on biofilms produced by
S. mutans. As shown in Figure No. 3A, Figure No.
3B and Figure No. 4A, Figure No. 4B the different
phases (8 and 24 h, respectively) of this bacterial
biofilm formation were significantly susceptible to
the bark extract. A statistically significant difference
was found in the concentration of 1.25-5 mg/L in the
biofilm in the 8-hour phase and in all the
concentrations studied in the biofilm in the 24-hour
phase (p < 0,05). In addition, a marked difference
was also observed between all the extract groups and
the positive control (p < 0.05). It has been found that
the inhibition is close to each other on the biofilm
layer formed as a result of both incubation periods,
but in the early phase (8 h), this effect has been found
to be stronger at higher concentrations (≥ 2,5 mg/mL)
than mature phase (24 h). The results show that
biofilms in the mature phase (24 h) have
demonstrated less sensitivity to higher concentrations
of plant extract compared with those in the early
phase (8 h).

EPS production of S. Mutans
S. mutans was investigated for EPS production at NB
medium with 1% (w/v) sucrose (control) and 1%
(w/v) sucrose supplemented NB medium containing
with 5 mg/mL plant bark extract. It was determined
that the EPS production amounts of S. mutans were
0.072 and 0.046 mg/mL, respectively. Accordingly,
the addition of the extract (5 mg/mL) used to detect
the sensitivity of the biofilm indicated a significant
reduction in bacterial EPS production (Table No. 1).
Dextran production of S. mutans
The amount of dextran production of S. mutans used
in the study was determined in a NB medium
supplemented with 1% (w/v) sucrose (control) and
sucrose (1% (w/v)) supplemented NB medium
containing with 5 mg/ml plant bark extract. It was
found that the dextran production amounts of S
mutans were 0.659 and 0.559 mg/mL, respectively.
The results showed that the dextran production of the
bacteria grown in the plant extract supplemented
medium was reduced by about 15% (Table No. 1).
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(A)

(B)

Figure No. 3
S. mutans biofilm development with V. opulus bark extract resistance; (A) 8 hour XTT study with XTT kit
applied, (B) The susceptibility of S. mutans biofilms, incubated for 8 h to various concentrations (0.3125,
0.625, 1.25, 2.5 and 5 mg/mL) of plant bark extract are represented as histograms
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(A)

(B)

Figure No. 4
S. mutans biofilm development with V. opulus bark extract resistance; (A) 24 hour XTT study with XTT kit
applied, (B) The susceptibility of S. mutans biofilms, incubated for 24 h to various concentrations (0.3125,
0.625, 1.25, 2.5 and 5 mg/mL) of plant bark extract are represented as histograms
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Table No. 1
EPS and dextran production after 24 hours incubation of S. mutans strain data are mean ± S.D., n = 3
Medium

EPS production (mg/mL)

Dekstran production
(mg/mL)

NB medium supplemented
with 1% (w/v) sucrose
(Control)

0.072±0.008

0.659±0.003

Sucrose 1% (w/v)
supplemented NB medium
containing with 5 mg/mL
plant bark extract

0.046±0.002

0.559±0.005

S. mutans biofilm formation with cover slips and
SEM imaging of the susceptibility of the biofilms to
plant extract
SEM examination was used to visualize the structural
differences between control and plant extract-treated
(5 mg/mL) S. mutans biofilms (8 and 24 h) (Figure
No. 5A, Figure No. 5B, Figure No. 6A and Figure
No. 6B. Control S. mutans biofilms exhibited a dense
network layer surrounded by vast amounts of
exopolymeric matrix. By comparison, plant
extract-treated S. mutans expressed a biofilm which
lacked a normal network structure and released
polysaccharide. It has been noted that control
biofilms exhibit a dense network layer and
exopolymeric matrix, whereas the network structure
and the exopolymeric matrix are visibly dispersed in
8 and 24 hours extract-treated biofilms.
DISCUSSION
A biofilm consists of a gelatinous matrix formed on a
solid surface by adhesion of microbes to the surface
and subsequent production of extracellular polymers.
This process is referred to as biofouling. Dental
plaque is an example of a biofilm, and it is
considered recalcitrant to antimicrobial agents
(Gibbons, 1984). S. mutans plays a significant role in
dental caries by utilizing sugars and producing large
amounts of EPS, which plays an important role in
adhesion of bacteria and accumulation of biofilm
(Lewis, 2001).
EPS are the key structural and protective

matrix components of virulent dental biofilms that act
as a supportive framework and barrier to diffusion. S.
mutans
has a number of exoenzymes e.g.,
glucosyltransferases (GTFs) that make it a essential
synthesizer extracellular gummy dextrans (glucans)
from sucrose, while it is also both fairly acidogenic
and aciduric (Paes et al., 2006; Bowen & Koo, 2011).
The persistence of this acidic environment leads to
the selection of a highly acid tolerant flora (Marquis
et al., 2003; Beighton, 2005), so the low pH
environment in the plaque matrix causes
demineralization of adjacent enamel and hence
initiating the dental caries process. Consequently,
EPS and acidification of the biofilm matrix are
critical for the formation and establishment of
cariogenic dental plaque (Bowen, 2002; Marsh,
2003). S. mutans also produces a single
fructosyltransferase (FTF), which catalyses the
synthesis of fructans from sucrose (Ebisu et al.,
1975). Fructans are believed to function primarily as
extracellular storage polysaccharides that can be
metabolized during periods of nutrient deprivation
(Burne et al., 1996). These polysaccharides provide
the organisms with a unique microenvironment for
their growth, metabolism and survival (Yamashita et
al., 1993; Bowden & Hamilton, 1998). Therefore, to
prevent the formation and accumulation of cariogenic
biofilm assemblies by affecting the synthesis of these
polysaccharides is an attractive pathway for
preventing both dental caries and plaque formation.
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(A)

(B)

Figure No. 5
(A) S. mutans biofilms cultured in NB medium supplemented with 1% (w/v) sucrose (control) for 8 h showed
bacterial cells surrounded by large amounts of exopolymeric matrix. (B) By contrast, biofilm co-incubated
with sucrose (1% (w/v)) supplemented NB medium containing with 5 mg/mL plant bark extract for 8 h,
releasing polysaccharides
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(A)

(B)

Figure No. 6
(A) S. mutans biofilms cultured in NB medium supplemented with 1% (w/v) sucrose (control) for 24 h
showed bacterial cells surrounded by large amounts of exopolymeric matrix. (B) By contrast, biofilm coincubated with sucrose (1% (w/v)) supplemented NB medium containing with 5 mg/mL plant bark extract
for 24 h, releasing polysaccharides
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Antifouling is the process of removing or
preventing the organism accumulation and growth.
This process can be used to control biofouling. Many
commercially available antiplaque agents have been
tested for their ability to interfere with dental biofilm
formation or metabolism. However, alternative
agents should be sought due to the adverse side
effects associated with these agents. Therefore, a
proposed approach is to use cheap, effective, stable,
new and natural products as anti-biofouling agents
(Briand, 2009; Sendamangalama et al., 2011). Plants
are valuable sources of new bioactive compounds to
combat dental caries, because they produce a wide
variety of secondary metabolites, many of which
have been found to have biological properties against
oral pathogens in vitro (Jeon et al., 2011). Several
natural products including oolong tea (Nakahara et
al., 1993), propolis (Koo et al., 2000; Duarte et al.,
2003), green tea (Hattori et al., 1990), cacao extract
(Ito et al., 2003), Chinese black tea (Limsong et al.,
2004), dark beer (Murata et al., 1995) have been
shown to inhibit GTF in vitro.
The genus Viburnum is known to contain
triterpenoids, diterpenoids, sesquiterpenes, iridoids,
and polyphenols (Tao et al., 2007). Due to the
medicinal properties of the species of this genus the
aim of this study is to identify the effects on S.
mutans biofilm formation of V. opulus bark and leave
ethanol extracts. The present study analyzes the role
of plant extracts on S. mutans using the MIC. The
results indicates that the extracts have bacteriostatic
activity against these planktonic cells (Figure No. 1
and Figure No. 2). The study was continued with the
bark extract only due to its stronger antimicrobial
activity on bacteria according to the results obtained
in the MIC test. Repeated XTT reduction assay
analysis revealed that bark extract at a concentration
of 2.5 mg/mL had the potential to kill > 50% of cells
in the early (8 h) and mature (24 h) phases of biofilm
development. Howewer, this concentration and
higher concentration (5 mg/mL) showed better
activity in the early phase of biofilm than in the
mature phase (Figure No. 3a, Figure No. 3b, Figure
No. 4a and Figure No. 4b). The barks of V. lantanal
have been used medicine for folk as rubefiant and
analgesic (Iwai et al., 2004). Khan et al. (2012),
isolated a phytochemical agent from the leaves of V.
foetens and demonstrated its potential for antibiotic
and anti-adhesion on S. mutans. In another study, it
was also reported that the crust extract of V. opulus

strain contains viburnin, tannin, valeric acid esters
and flavonoids (Ovodova et al., 2000). Bubulica et
al., 2012). have suggested that the V. opulus extract
may be an alternative agent for medical biofilms by
studying antibacterial and antibiofilm properties
against pathogens of Staphylococcus aureus and
Staphylococcus epidermidis (Bubulica et al., 2012).
Our study is the first report to show that degenerative
effects of the bark extract of V. opulus against S.
mutans biofilms. No paper about this subject has
been found in the literature studies so far.
Dextran is an EPS consisting of 1→6 linked
α-d-glucopyranose units (Monchois et al., 1999).
Dextran could be considered the first remarkable
example for a microbial EPS used in pharmaceutical
applications (Zorba & Altuğ, 2001). In addition,
numerous microorganisms including streptococci
synthesize dextran from sucrose (Quader et al.,
2005).
S. mutans was determined for EPS and
dextran productions at NB medium with 1% (w/v)
sucrose (control) and 1% (w/v) sucrose supplemented
NB medium containing with 5 mg/mL plant bark
extract. It was found that bacterium developing in
plant extract supplemented medium showed a
decrease in both dextran and EPS productions
according to their controls. This result is in
agreement with biofilm susceptibility to bark extract.
The SEM study revealed the structural differences
between S. mutans biofilms (8 and 24 h). The results
of the present study also revealed that in the overall
biofilm formation period, the plant bark extract (5
mg/mL)-treated biofilms exhibited a slower growth
compared with those that were untreated (control)
(Figure No. 5a, Figure No. 5b, Figure No. 6a and
Figure No. 6b).
CONCLUSION
Consequently, the data generally suggest that V.
opulus ethanol bark extract treatment can provide an
option for controlling biofilm development. These
data indicate that the V. opulus ethanol bark extract is
an antimicrobial agent that can be developed on S.
mutans biofilm diseases, which is one of the most
important factors in the formation of dental plaques.
However, the plant extract to be a potential
antibiofilm agent against S. mutans may require
further in vivo studies.

Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas / 331

Demirhan et al.

Anti-biofouling potential of Viburnum opulus

ACKNOWLEDGMENTS
The authors wish to thank to Erciyes University

Scientific Research Projects Unit for the financial
supporting to the TYL-2015-5825 project.

REFERENCES
Beighton D. 2005. The complex oral microflora of high-risk individuals and groups and its role in the caries
process. Community Dent Oral Epidemiol 33: 248 - 255.
https://doi.org/10.1111/j.1600-0528.2005.00232.x
Bos R, van der Mei HC, Busscher HJ. 1999. Physico chemistry of initial microbial adhesive interactions-its
mechanisms and methods for study. FEMS Microbiol Rev 23: 179 - 230.
https://doi.org/10.1111/j.1574-6976.1999.tb00396.x
Bowden GH, Hamilton IR. 1998. Survival of oral bacteria. Crit Rev Oral Biol Med 9: 54 - 85.
Bowen WH, Koo H. 2011. Biology of Streptococcus mutans-derived glucosyltransferases: role in extracellular
matrix formation of cariogenic biofilms. Caries Res 45: 69 - 86. https://doi.org/10.1159/000324598
Bowen WH. 2002. Do we need to be concerned about dental caries in the coming millennium? Crit Rev Oral Biol
Med 13: 126 - 131.
Briand JF. 2009. Marine antifouling laboratory bioassays: an overview of their diversity. Biofouling 25: 297 - 311.
https://doi.org/10.1080/08927010902745316
Bubulica MV, Anghel I, Grumezescu AM, Saviuc C, Anghel GA. 2012. In vitro evaluation of bactericidal and
antibiofilm activity of Lonicera tatarica and Viburnum opulus plant extracts on Staphylococcus strains.
Farmacia 60: 80 - 91.
Burne RA, Chen YY, Wexler DL, Kuramitsu H, Bowen WH. 1996. Cariogenicity of Streptococcus mutans strains
with defects infructan metabolism assessed in a program-fed specific-pathogen-free rat model. J Dent Res
75: 1572 - 1577. https://doi.org/10.1177/00220345960750080801
Davis PH, Mill RR, Tan K. 1988. Flora of Turkey and the East Aegean Islands Edinburgh University Press,
Edinburgh, Scotland.
Duarte S, Koo H, Bowen WH, Hayacibara MF, Cury JA. 2003. Effect of a novel type of propolis and its chemical
fractions on glucosyltransferases and on growth and adherence of mutans streptococci. Biol Pharm Bull
26: 527 - 531. https://doi.org/10.1248/bpb.26.527
Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F. 1956. Colorimetric method for determination of sugars
and related substances. Anal Chem 28: 350 - 356. https://doi.org/10.1021/ac60111a017
Ebisu S, Kato K, Kotani S, Misaki A. 1975. Structural differences in fructans elaborated by Streptococcus mutans
and Strep. salivarius. J Biochem 78: 879 - 887. https://doi.org/10.1093/oxfordjournals.jbchem.a130993
Frengova GI, Simova ED, Beshkova DM, Simov ZI. 2000. Production and monomer composition of
exopolysaccharides by yoğurt starter cultures. Can J Microbiol 46: 1123 - 1127.
https://doi.org/10.1139/w00-103
Gibbons RJ. 1984. Adherence interactions which may affect microbial ecology in the mouth. J Dent Res 63: 378
- 385. https://doi.org/10.1177/00220345840630030401
Goulhen F, Grenier D, Mayrand D. 2003. Oral microbial heat-shock proteins and their potential contributions to
infections. Crit Rev Oral Biol Med 14: 399 - 412. https://doi.org/10.1177/154411130301400603
Hattori M, Kusumoto IT, Namba T, Ishigami T, Hara Y. 1990. Effect of tea polyphenols on glucan synthesis by
glucosyltransferase from Streptococcus mutans. Chem Pharm Bull 38: 717 - 720.
https://doi.org/10.1248/cpb.38.717
Ito K, Nakamura Y, Tokunaga T, Iijima D, Fukushima K. 2003. Anti-cariogenic properties of a water-soluble
extract from cacao. Biosci Biotechnol Biochem 67: 2567 - 2573. https://doi.org/10.1271/bbb.67.2567
Iwai K, Kim MY, Onodera A, Matsue H. 2004. Physiological effects and active ingredients of Viburnum dilatatum
Thunb fruits on oxidative stress. Biofactors 21: 273 - 275. https://doi.org/10.1002/biof.552210153
Jeon JG, Rosalen PL, Falsetta ML, Koo H. 2011. Natural products in caries research: current (limited) knowledge,
challenges and future perspective. Caries Res 45: 243 - 263. https://doi.org/10.1159/000327250
Khan R, Khanam Z, Khan AU. 2012. Isolation and characterization of n-octacosanoic acid from Viburnum foetens:
a novel antibiofilm agent against Streptococcus mutans. Med Chem Res 21: 1411 - 1417.
Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas / 332

Demirhan et al.

Anti-biofouling potential of Viburnum opulus

https://doi.org/10.1007/s00044-011-9658-5
Koo H, Vacca Smith AM, Bowen WH, Rosalen PL, Cury JA. 2000. Effects of Apis mellifera propolis on the
activities of streptococcal glucosyltransferases in solution and adsorbed onto saliva-coated hydroxyapatite.
Caries Res 34: 418 - 426. https://doi.org/10.1159/000016617
Lewis K. 2001. Riddle of biofilm resistance. Antimicrob Agents Chemother 45: 999 - 1007.
Limsong J, Benjavongkulchai E, Kuvatanasuchati J. 2004. Inhibitory effects of some herbal extracts on adherence
of Streptococcus mutans. J Ethnopharmacol 92: 281 - 289. https://doi.org/10.1016/j.jep.2004.03.008
Liu J, Wu C, Huang IH, Merritt J, Qi F. 2011. Differential response of Streptococcus mutans towards friend and foe
in mixedspecies cultures. Microbiology 157: 2433 - 2444. https://doi.org/10.1099/mic.0.048314-0
Lobstein A, Haan-Archipoff G, Englert J, Kuhry J, Anton R. 1999. Chemotaxonomical investigation in the genus
Viburnum. Phytochemistry 50: 1175 - 1180. https://doi.org/10.1016/s0031-9422(98)00681-5
Loesche WJ. 1986. Role of Streptococcus mutans in human dental decay. Microbiol Rev 50: 353 - 380.
Marquis RE, Clock SA, Mota-Meira M. 2003. Fluoride and organic weak acids as modulators of microbial
physiology. FEMS Microbiol Rev 26: 493 - 510. https://doi.org/10.1111/j.1574-6976.2003.tb00627.x
Marsh PD. 2003. Are dental diseases examples of ecological catastrophes? Microbiology 149: 279 - 294.
https://doi.org/10.1099/mic.0.26082-0
Meshulam T, Levitz SM, Christin L, Diamond RD. 1995. A simplified new assay for assessment of fungal cell
damage with the tetrazolium dye, (2,3)-bis-(2-methoxy-4-nitro-5-sulphenyl)-(2H)-tetrazolium-5carboxanilide (XTT). J Infect Dis B 172: 1153 - 1156. https://doi.org/10.1093/infdis/172.4.1153
Monchois V, Willemot RM, Monsan P. 1999. Glucansucrases: mechanism of action andstructure–function
relationships. FEMS Microbiol Rev 23: 131 - 151. https://doi.org/10.1111/j.1574-6976.1999.tb00394.x
Murata M, Nakajima Y, Homma S. 1995. Inhibition of cariogenic glucan synthesis by dark beer. Lebenson Wiss
Technol 28: 201 - 207. https://doi.org/10.1016/s0023-6438(95)91450-1
Nakahara K, Kawabata S, Ono H, Ogura K, Tanaka T. 1993. Inhibitory effect of oolong tea polyphenols on
glucosyltransferases of mutans streptococci. Appl Environ Microbiol 59: 968 - 973.
Ovodova RG, Golovchenko VV, Popov SV, Shashkov AS, Ovodov YS. 2000. The isolation, preliminary structural
studies, and physiological activity of water-soluble polysaccharides from the squeezed berries of snowball
tree Viburnum opulus. Bioorg Khim 26: 61 - 67. https://doi.org/10.1007/bf02758861
Paes AF, Koo H, Bellato CM, Bedi G, Cury JA. 2006. The role of sucrose in cariogenic dental biofilm formation:
new insight. J Dent Res 85: 878 - 887. https://doi.org/10.1177/154405910608501002
Prajapati ND, Purohit SS, Sharma AK, Kumar T. 2003. A handbook of medical plants. Agrobios, India.
Pu Y, Liu A, Zheng Y, Ye B. 2014. In vitro damage of Candida albicans biofilms by chitosan. Exp Ther Med 8:
929 - 934. https://doi.org/10.3892/etm.2014.1839
Quader SAU, Iqbal L, Aman A, Shireen E, Azhar A. 2005. Production of dextran by newly isolated strains of L.
mesenteroides PCSIR-4 and PCSIR-9. Turk J Biochem 31: 21 - 26.
Sagdic O, Aksoy A, Ozkan G. 2006. Evaluation of the antibacterial and antioxidant potentials of cranberry
(gilaburu, Viburnum opulus L.) fruit extract. Acta Aliment 35: 487 - 492.
https://doi.org/10.1556/aalim.35.2006.4.12
Sendamangalama V, Choi OK, Kim D, Seo Y. 2011. The anti-biofouling effect of polyphenols against
Streptococcus mutans. Biofouling 27: 13 - 19. https://doi.org/10.1080/08927014.2010.535897
Tao ZM, Li YY, Ji P, Wang YB, Qin GB. 2007. Chemical constituents from aerial part of Curcuma wenyujin.
Zhongguo Zhong Yao Za Zhi 32: 2604 - 2646.
Torino MI, Taranto MP, Sesma F, De Valdez GF. 2001. Heterofermentative pattern and exopolysaccharide
production by Lactobacillus helveticus ATCC 15807 in response to environmental pH. J Appl Microbiol
91: 846 - 852. https://doi.org/10.1046/j.1365-2672.2001.01450.x
Tsang PW, Bandara HM, Fong WP. 2012. Purpurin suppresses Candida albicans biofilm formation and hyphal
development. Plos One 7: 1 - 8. https://doi.org/10.1371/journal.pone.0050866
Yamashita Y, Bowen WH, Burne RA, Kuramitsu HK. 1993. Role of the Streptococcus mutans gtf genes in caries
induction in the specificpathogen-free rat model. Infect Immunol 61: 3811 - 3817.
Zorba M, Altuğ T. 2001. Gamlar: Gıda Katkı Maddeleri. Master Thesis, Ege Üniversitesi Mühendislik Fakültesi
Gıda Mühendisliği Bölümü 96 - 99. https://doi.org/10.15237/gida.gd16095
Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas / 333

