
Original Article 

371

©Copyright 2023 by Bezmiâlem Vakıf University published by Galenos Publishing House.
Licenced by Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND 4.0)

In Vitro Investigation of the Effect of Different Mouthwashes 
Applied to Restorative Dental Materials on Adhesion of 
Streptococus mutans
Restoratif Dental Materyallere Uygulanan Farklı Ağız Gargaralarının 
Streptokokus mutans Adezyonunda Etkisinin İn Vitro Olarak İncelenmesi

 Safiye Pelin TÜRKYILMAZ1,  Kıvanç DÜLGER2,  İnci DURUKAN3,  Ali Osman KILIÇ3,  Esra BALTACIOĞLU4,  
 Sema HAKKI5,  Irmak BARAN6,  Ümit UZUN7

1Private Practice, İstanbul, Turkey
2Karadeniz Technical University Faculty of Dentistry, Department of Restorative Dentistry, Trabzon, Turkey
3Karadeniz Technical University Faculty of Medicine, Department of Medical Microbiology, Trabzon, Turkey
4Karadeniz Technical University Faculty of Dentistry, Department of Periodontics, Trabzon, Turkey 
5Konya Selçuk University Faculty of Dentistry, Department of Periodontics, Konya, Turkey 
6Ankara Training and Research Hospital, Clinic of Medical Microbiology, Ankara, Turkey
7Karadeniz Technical University Institute of Health Sciences, Department of Medical Biology, Trabzon, Turkey

ABSTRACT ÖZ

Objective: This study aims to evaluate the effect of chlorhexidine 
gluconate (CHX), Listerine, and boric acid (BA), applied to three 
different restorative dental materials, on Streptococcus mutans (S. 
mutans) adhesion.
Methods: A total of 120 samples were prepared in the study: 
Composite (Group CR; n=40), glass ionomer cement (Group GIC; 
n=40) and compomer (Group C; n=40). The upper and lower 
surface roughness of the samples were measured. After bacterial 
adhesions, each group was separated into four subgroups (n=10). 
Three mouthwash and distilled water (DS) were applied for one 
minute. Subsequently, the remaining S. mutans biofilms were 
examined by colony forming unit count (CFU) and MTT methods. 
Data were evaluated (p<0.05).
Results: The GIC was the highest, and CR was the lowest in 
terms of surface roughness. There was a difference among three 
groups (p<0.001). Log CFU efficiency of bacterial counts of all 3 
mouthwashes was higher than distilled water (p<0.001). The effect 
of all three mouthwash and DW on S. mutans log cfu and MTT 

Amaç: Bu çalışma, üç farklı restoratif dental materyale uygulanan 
klorheksidin glukonat (CHX), Listerin ve borik asidin (BA) 
Streptococcus mutans (S. mutans) adezyonu üzerindeki etkisini 
değerlendirmeyi amaçlamaktadır.
Yöntemler: Çalışmada toplam 120 adet numune hazırlandı: 
Kompozit reçine (Grup CR; n=40), cam iyonomer siman (Grup 
GIC; n=40) ve kompomer (Grup C; n=40). Numunelerin alt ve üst 
yüzey pürüzlülükleri ölçüldü. Bakteriyel adezyonlardan sonra her 
grup dört alt gruba ayrıldı (n=10). Bir dakika boyunca üç gargara ve 
distile su uygulandı. Ardından, kalan S. mutans biyofilmleri koloni 
oluşturan birim sayısı (CFU) ve MTT yöntemleriyle incelendi. 
Veriler istatistiksel olarak değerlendirildi (p<0,05).
Bulgular: Yüzey pürüzlülüğü açısından GIC en yüksek, CR en 
düşüktü. Üç grup arasında fark vardı (p<0,001). Üç gargaranın 
tümünün bakteri sayımlarının Log CFU etkinliği, distile sudan 
daha yüksekti (p<0,001). Üç gargara ve distile suyun S. mutans log 
CFU ve MTT değerleri üzerindeki etkisi gruplar arasında farklılık 
gösterdi (p<0,001). CHX en etkili olanıydı. Restoratif materyal-
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Introduction
The aim of restorative dentistry is to regain the natural tooth 
appearance after correct diagnosis and complete treatment. 
Many different dental materials have been used to restore teeth 
(1). These materials have different therapeutic effects (2). In 
addition, their application in the mouth is closely related to oral 
hygiene and aesthetics (3). Although finishing and polishing 
processes remove plaque accumulation and smoothen the surface 
of the tooth, the adhesion of bacteria cannot be prevented. 
Dental materials may create a suitable environment for oral 
microorganisms to adhere to (4).

The bacterial colonization of tissues is one of the most important 
etiological factors for dental caries, gingivitis, and periodontal 
diseases. S. mutans is the primary microorganism responsible for 
the formation of dental caries. Therefore, reducing the number of 
these bacteria in the mouth will greatly contribute to preventing 
dental caries (5,6).

Brushing and flossing are important for oral hygiene. However, 
these protective measures are not sufficient to completely destroy 
bacterial plaque (7). In dentistry, the preventive-therapeutic 
properties of antimicrobial mouthwashes have been used for 
many years (8). Therefore, dentists recommend antimicrobial 
mouthwashes to prevent dental caries and periodontal diseases 
(9). The level of antimicrobial activity of mouthwashes used 
today is still not clear.

Chlorhexidine gluconate (CHX) is recognized as the gold standart 
antimicrobial mouthwash however it has various disadvantages 
such as pigmentation, taste changes, increased supragingival 
plaque, and mucosal desquamation (10). Thus it is important to 
determine alternative mouthwashes compared to CHX in terms 
of S. mutans adhesion.

The aim of this study is to evaluate the effectiveness of various 
mouthwashes applied to composite resin (CR), compomer 
(C), and glass ionomer cement (GIC) materials, which are 
frequently used against S. mutans, the primary microorganism 
responsible for dental caries in the bacterial plaque structure. As 
a result, comparing the effectiveness of different mouthwashes 
on different dental materials in reducing S. mutans adhesion 
and colonization and inhibiting plaque metabolism will also 

be useful in determining the best mouthwash that dentists can 
recommend to those at high risk of dental caries. 

Methods
Specimen Preparation 

In this study, three different dental restorative materials were 
used: GIC (Ketac Molar Easy Mix, 3M Espe, Germany), CR 
(Tokuyama Estelite® Asteria natural enamel composite, Japan), 
and C (Dyract® eXtra Compomer, Dentsply, Germany). The 
properties of the restorative materials and mouthwashes are 
shown in Table 1.

Using a Teflon ring, 40 disk-shaped specimens (10  mm in 
diameter x2 mm thick) were prepared from each material. Each 
material was inserted into the Teflon ring and pressed between 
the Mylar strips and glass slides to extrude excess material and 
to produce a smooth surface. The manufacturer’s instructions 
were followed in preparing 120 samples of restorative materials. 
Specimens were prepared by the same operator (SPT) to 
eliminate operator-dependent variables. CR and C specimens 
were polymerized from each surface with a light-curing unit 
(Elipar S10, 1,200 mW/cm2, 3M ESPE, St. Paul, MN, USA) in 
accordance with the instructions for use. The prepared samples 
were kept at 37 ºC and 100% humidity for 24 hours. Each 
sample was polished for two minutes using polishing discs (Sof-
Lex, 3M ESPE, St. Paul, MN, USA). New polishing discs were 
used for each sample. The polished samples were subjected to 
ultrasonic cleaning in DW for 15 minutes.

Surface Roughness Measurement

The surface roughness of the specimens was measured using a 
profilometer (Marsurf PS 10, Mahr Gmbh, Germany) with a 
tracing length of 5.6 mm and a cut-off value of 0.8 mm. The 
profilometer device was recalibrated after the measurement of 
each sample. Three different measurements were made on the 
surface of each sample. The average surface roughness value was 
calculated by averaging the obtained data.

Investigation of Surface Morphology with Scanning Electron 
Microscope (SEM)

One sample from each group was randomly selected for surface 
examination. The surfaces of the samples were coated with gold 
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values differed between the groups (p<0.001). CHX was the most 
effective. In terms of restorative material-mouthwash interactions, 
differences were found between the groups (p<0.05). There was a 
positive moderate statistically significant correlation between log cfu 
and MTT values (r=0.636; p<0.001).
Conclusion: BA can be an alternative to other mouthwashes due to 
its natural structure and the minimal side effects.
Keywords: Bacterial adhesion, restorative dental material, 
restorative dental treatment, colony forming unit

gargara etkileşimleri açısından gruplar arasında fark bulundu 
(p<0,05). Log CFU ve MTT değerleri arasında pozitif orta derecede 
istatistiksel olarak anlamlı bir korelasyon vardı (r=0,636; p<0,001).
Sonuç: BA, doğal yapısı ve yan etkilerinin minimal olması nedeniyle 
diğer gargaralara alternatif olabilir.
Anahtar Sözcükler: Bakteriyel adezyon, restoratif dental materyal, 
restoratif dental tedavi, koloni oluşturan birim
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using a coating device (SPI Module Sputter Coater, SPI Supplies, 
USA). Surface images were recorded using a scanning electron 
microscope (SEM) (EVO LS10, Zeiss, Oberkochen, Germany) 
(Figure 1).

Preparation of Artificial Saliva

Dental restorative specimens were sterilized in an autoclave 
at 121 ºC for 15 minutes before applying bacterial adhesion. 
Synthetic saliva was applied to sterilized restorative specimens 
prior to bacterial adhesion to form the pellicle layer. For synthetic 
saliva, 128 mg NaCl, 16.7 mg CaCl2, 12.5 mg MgCl2 (6H2O), 
9.5 mg KCl, 150.75 mg CH3COOK, 38.6 mg K3PO4 (3H2O) 
were prepared in one liter of DW, and its pH was adjusted to 7 
(11).

Application of Saliva to Samples and Ensuring Bacterial 
Adhesion

For the bacterial adhesion, an S. mutans ATCC 25175 strain 
obtained from Karadeniz Technical University, Faculty of 
Medicine, Department of Medical Microbiology was grown in 
Tryptic Soy Agar (TSA) medium at 37 ºC in 5% CO2 for 48 
hours (12). A single colony was taken from the agar medium and 
inoculated in a test tube containing 10 mL of TSB medium, and 
a liquid culture was prepared with a 24-hour incubation. The 
sterilized samples were placed in 24-well plates after their surface 
roughness was measured, and 1 mL of the prepared synthetic 
saliva was added to them and kept at room temperature for 1 
hour to form a pellicle. After each sample was washed twice with 
phosphate buffer and freed from artificial saliva, 1 mL of the 
liquid bacterial suspension with optical density (OD) 600@0.5 
(1.5x108 CFU/mL) was added, and the cultures were incubated 
for 24 hours (11).

The pH Measurements of Mouthwashes

The pH values   of the mouthwashes used in the study were 
measured using a pre-calibrated pH meter (Hanna edge®, USA). 

For BA, 0.75% concentration was selected according to our 
previous study (13).

S. mutans Adhesion Analysis

At the end of the incubation period, the samples of which 
bacterial adhesion was complete were removed from the 
previous plates and placed in new 24-well plates. One milliliter 
of the mouthwashes used in the study (Table 1) was added 
to the samples and left for one minute. After removing the 
mouthwashes, each sample was transferred to Falcon tubes 
containing 3 mL of TSB and 0.5 mm glass beads (Sigma-Glass 
Beads, Germany). The solution in the tubes was vortexed at 
1,200 revolutions per minute (rpm) for 5 minutes in a vortex 
device (Isolab, Laborgerate GmbH, Germany), allowing bacteria 
to pass into the medium. From the suspension containing the 
bacteria, dilutions with TSB from 10-1 to 10-5 were prepared. 
Cultures were incubated at 37 oC for 48 hours by seeding 0.1 
mL of smear on TSA agar plates from the prepared dilutions. 
The formed colonies were counted, and the number of colonies 
per milliliter was determined as a CFU.

Bacteria Viability Analysis

The MTT is a method of expressing cell survival and growth. 
This method is based on the measurement of metabolically 
active bacteria metabolizing the yellow tetrazolium salt of 

3-(4.5-dimethyl-thiazol-2-yl)-2.5-diphenyltetrazolium bromide 
(MTT) and forming purple formazan molecules inside the 
cells (14). Ninety µL of the bacterial suspension released in 
TSB from the vortexed samples were taken and transferred to 
96-well ELISA plates. After adding 10 µL of MTT solution (5 
mg/mL MTT in Phosphate Buffered Saline (PBS) and 10 µL 
of glucose (20%) (15), it was incubated for four hours at 37 
ºC in an oven containing 5% CO2. To dissolve the formazan 
crystals, 110 µL of dimethyl sulfoxide was added to the bacterial 

Table 1. Characteristics of the restorative materials and mouthwashes used in the study

Brand Type Chemical composition Manufacturer

Estelite asteria 

(NE)

Supra nano-spherical composite

Lot W614B

Matrix: Bis-GMA, Bis-MPEPP, TEGDMA, 
UDMAFiller: Uniform supra-nano spherical silica and 
zirconia fillers (200 nm). 82 wt %, 71 vol %

Tokuyama Dental, 
Tokyo, Japan

Dyract XP compomer

Polyacid modified glass ionomer

(Compomer)

Lot 1910000402

UDMA, TCB resin, TEGDMA, trimethacrylate 
resin (TMPTMA), dimethacrylate resin, ethyl-4 
(dimethylalumino) benzate, BHT, strontium-alumino-
sodium-fluoro-phosphorus-silicate glass, strontium 
fluoride, silicon dioxide, camphorquinone, UV stabilizer

DENTSPLY DeTrey 
GmbH

Konstanz, Germany

Ketac molar easy mix
Glass Ionomer Cement

Lot 6383514

Powder: glass fluoro-alumino-silicate, strontium, 
lanthanum, pigments 
Liquid: polycarboxylic acid , tartaric acid, water

3M/ESPE GmbH, 
Seefeld, Germany

Listerin total care Esansial oils based mouthrinse
Water, ethanol, menthol, eucalyptol, thymol, methyl 
salicylate, benzoic acid, poloxamer 407, fluoride, zinc 
chloride, and flavor 

Johnson & Johnson 
USA

Klorhex
Chlorhexidine gluconate based 
mouthrinse 

0.2% chlorhexidine gluconate, glycerin, lemon and 
peppermint extract esansı

DROGSAN 

Ankara, Turkey

Boric acid Boron containing mouthrinse 0.75% boric acid -
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suspension and incubated for 60 minutes, stirring at 60 rpm at 
room temperature. Absorbance values   were measured at 595 nm 
with a microplate reader.

Imaging with a Confocal Laser Scanning Microscope (CLSM)

Five hundred µL of overnight liquid culture of S. mutans 
was transferred to microcentrifuge tubes, and the cells were 
centrifuged at 12,000 rpm for one minute. The precipitated 
bacteria were suspended in 200 µL of PBS. Cell suspensions 
prepared in three sets were treated with CHX (Klorhex, Drogsan, 
Ankara), essential oil-containing mouthwash (Listerine, Johnson 
& Johnson, USA), and BA for one minute. The mouthwash 
solutions were centrifuged after the cells had settled, and the 
treated cells were stained for 15 minutes under light protection 
using the LIVE/DEAD® BacLight™ Bacterial Viability and 
Enumeration Kit (Invitrogen, Carlsbad, California, USA). 
Stained bacteria were observed on a CLSM (Leica DMI8, Leica 
Microsystems, Germany) with 63x magnification optical lenses 
using wavelengths of 488 and 532 nm (Figure 2).

Statistical Analysis

Data were analyzed with IBM SPSS V23. The conformity to the 
normal distribution was evaluated using the Shapiro-Wilk test. 
Two-way analysis of variance method was used to examine group 
and solution main effects and interactions on roughness and 
Log CFU and MTT values. Bonferroni correction was used for 
multiple comparisons. The Spearman Rho correlation coefficient 
was used to analyze the relationship between variables. The results 
were presented as mean and standard deviation for quantitative 
data. The significance level was taken as p<0.05.

Results
Surface Roughness Values

Statistically significant differences were found between the surface 
roughness values   of the materials (Table 2). The average of the 
surface roughness values   of the CR group was the lowest (0.0853 
µm), the average surface roughness values   of the C group were 
moderate (0.1405 µm), and the average surface roughness values   
of the GIC group were the highest (0.4359 µm) (p<0.001).

The Examination of Surface Morphology by SEM

SEM images of 2 different magnifications of each of the 3 dental 
restorative materials are shown in Figure 1.

The pH Values   of Mouthwashes

The pH values   of the mouthwashes used in the study were 
measured as 5.8 for CHX, 4.3 for Listerine, and 4.8 for BA, 
respectively.

S. mutans Adhesion Analysis

In order to determine the adhesion of S. mutans, a liquid bacterial 
culture was added to the surfaces of the test samples. At the end of 
the 24-hour incubation period, mouthwashes were applied. The 
number of CFU of the bacteria remaining on the surface of the 
samples was expressed in CFU/mL. After the mouthwashes were 

Table 2. Comparison of average roughness values   in terms 
of restorative materials

  Composite Compomer
Glass ionomer 
cement

0.0853±0.0203a 0.1405±0.0252b 0.4359±0.0740c

a-cThere is no difference between groups with the same letter

Figure 2. Confocal microscopic analysis of live and dead 
bacteria after mouthwash applications. (a) CLSM image of 
viable bacteria after application of CHX. (b) CLSM image of 
dead bacteria after application of CHX. (c) CLSM image of 
live and dead bacteria after application of CHX. (d) CLSM 
image of viable bacteria after application of Listerine. (e) 
CLSM image of dead bacteria after application of listerine. 
(f) CLSM image of live and dead bacteria after application 
of Listerine. (g) CLSM image of viable bacteria after 
application of BA. (h) CLSM image of dead bacteria after 
application of BA (i) CLSM image of live and dead bacteria 
after application of BA. (j) CLSM image of viable bacteria 
after application of distilled water. (k) CLSM image of dead 
bacteria after application of distilled water. (l) CLSM image 
of live and dead bacteria after application of distilled water

CLSM: Confocal laser scanning microscopy, CHX: Chlorhexidine 
gluconate, BA: Boric acid

Figure 1. 1 and 2 are 3.00Kx and 10.00Kx magnifications of 
the SEM images of the groups, respectively
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applied to the restorative materials, the logarithmic calculation of 
the bacterial counts was made. The logarithmic mean values   are 
shown in Figure 3.

Regardless of the materials, the effect of mouthwash types on 
CFU was statistically significant (p<0.001). CFU values   were 
statistically significant (p<0.001) according to the restorative 
material and mouthwash interactions.

Regardless of the restorative material difference, the highest 
logarithmic value for bacterial adhesion was 6.04 for DW, while 
the lowest logarithmic value was 4.68 for CHX. The logarithmic 

values   of 4.9 for Listerine and 5.04 for BA showed similar results 
(Table 3). No significant difference was found between the 
mean log CFU values   obtained from the interactions of GIC-
essential oil-containing mouthwash, CIC-CHX, and C-CHX. 
In particular, the average log CFU value (4.58) in the C-CHX 
interaction was found to be lower than the others. Other multiple 
comparison results are presented in Table 3.

No statistically significant correlation was found between 
the roughness values   of the materials and log CFU (r=-0.153; 
p=0.095) (Figure 4). In the statistical analysis, the lowest surface 
roughness was on the surface of the CR group (0.0853 µm), 

Table 3. CFU values by groups and moutwashes

  Composite Compomer Glass ionomer cement Total

Chlorhexidine 4.82±0.20CDEF 4.58±0.17F 4.63±0.14EF 4.68±0.20b

Listerine 5.02±0.18CD 4.89±0.19CDE 4.78±0.11DEF 4.90±0.19c

Boric acid 5.07±0.21C 4.99±0.22CD 5.05±0.21C 5.04±0.21a

Distilled water 6.40±0.18A 6.34±0.14A 5.38±0.07B 6.04±0.49d

Total 5.33±0.66a 5.20±0.71b 4.96±0.32c 5.16±0.60
a-dThere is no difference between material/mouthwash types in groups with the same letter, A-FThere is no difference between interactions between materials with 
the same letter and mouthwash type, CFU: Colony forming unit count

Figure 3. Logarithmic mean values of the number of S. mutans attached to the experimental groups

Figure 4. The surface roughness of materials and bacterial adhesions after mouthwashes application to the materials



Türkyılmaz et al. Effect of Mouthwashes on Mutans Adhesion

376

and the average of S. mutans adhesion was determined as the 
highest. The highest surface roughness was in the GIC group 
(0.4359 µm), and the average amount of S. mutans adhesion was 
determined as the lowest. No statistically significant correlation 
was found between surface roughness and S. mutans adhesion 
(p>0.05).

Bacteria Viability Analysis

Regardless of the materials, the effect of the mouthwashes was 
found to have a statistically significant effect on the MTT values   
(p<0.001). The mean MTT of DW was 0.296, the mean of the 
CHX was 0.209, the mean of Listerine was 0.238, and the mean 
of BA was 0.254 (Table 4). A statistically significant impact 
was found on the MTT values   of the group and mouthwash 
interaction (p=0.009). The highest average value was obtained 
in DW (0.353) of the CR group, while the lowest average value 
was obtained in the CHX (0.185) of the GIC group (Table 4).

Discussion
Adhesion of cariogenic bacteria and biofilm formation are among 
the most important causes of dental caries (16,17). Although 
many studies have been conducted on bacterial adhesion on 
various restorative dental materials (18-23), there is no study 
with similar experimental design in the literature investigating 
the effect of mouthwashes applied to these materials on S. mutans 
adhesion.

There is a known significant relationship between the surface 
roughness of restorative materials and bacterial adhesion 
(22,24). Bollen et al. (25) stated the critical surface roughness 
(Ra) value of dental materials for bacterial colonization as 0.2 µm. 
In another study, the area occupied by the adherent bacteria was 
found to strongly correlate with the surface roughness of 0.2-0.8 
µm Ra (26). Park et al. (27) reported that streptococcal adhesion 
decreased at a Ra roughness value of approximately 0.15 µm. 
Considering the relationship between bacterial adhesion and 
surface roughness in the present study, the roughness values   of 
CR and C were lower than the critical surface roughness value 
of 0.2 µm, while the roughness value of GIC was higher than 
this level (p<0.001). SEM images also confirm these findings 
(Figure 1). In studies dealing with the roughness of restorative 
dental materials, in parallel with the present study, GIC showed 
greater surface roughness (28,29). The CR used in this study, 
on the other hand, had a very low roughness since it had 
nanofill particles. In the present study, no statistically significant 
correlation was found between the roughness of the restorative 

materials and the adhesion of S. mutans (Figure 4). This may 
be due to the detection of S. mutans adhesion after applying 
mouthwashes on restorative dental materials.

The composition of dental restorative materials is another 
factor that affects the adhesion of S. mutans (30). In a study, S. 
mutans adhesion on dental restorative materials was investigated 
without mouthwash, and it was stated that fluoride release in 
the materials reduced S. mutans adhesion, especially in the 
early stages of biofilm formation (31). In another study (32), 
it was reported that conventional GIC inhibited the growth of 
streptococci with fluoride release. Bis-GMA monomer is often 
found in the structure of resin-based dental products (33), while 
TEGDMA monomer is used as a diluent (34). It was reported 
that the presence of Bis-GMA and TEGDMA products in CR 
and C materials increased the proliferation of S. mutans (35).

In this study, S. mutans adhesion (Log CFU =5.38) on the GIC 
treated with DW according to the colony count method was 
found to be statistically significantly less than CR (Log CFU 
=6.40) and C (Log CFU =6.34) materials applied with DW 
(Table 3). In the MTT method, a statistically different decrease 
was observed in terms of S. mutans adhesion in GIC treated with 
DW (Table 4). In the light of this information, it is thought that 
the presence of more fluoride in the structure of the GIC and the 
presence of Bis-GMA and TEGDMA in the structure of CR and 
C materials will affect the statistically low S. mutans adhesion on 
the GIC.

Pathogenic bacteria in the oral biofilm are the main factors of 
periodontal diseases and dental caries. Effective oral hygiene 
can be achieved by eliminating pathogenic bacteria using 
mouthwashes (36). In our study, three different mouthwashes 
were applied to eliminate S. mutans, which showed adhesion 
to dental materials used for restorative purposes. These three 
mouthwashes showed a statistically significant difference 
compared to the negative control group, which used DW. Since 
0.2% CHX was frequently used in oral antiseptic treatment (37), 
this concentration of CHX was also preferred in the present 
study. There is no comparable study reporting the effectiveness 
of 0.2% concentration of CHX against S. mutans, which adheres 
to CR, C, and GIC in vitro. In clinical studies (38-41), on the 
other hand, CHX was shown to be the most effective in terms 
of reducing salivary S. mutans and plaque scores. In this study, 
CHX was the most effective in reducing S. mutans adhesion 
on all restorative materials analyzed by both methods (Table 3 
and 4). This may be due to the bactericidal effect of CHX (42). 

Table 4. MTT values   by groups and mouthwashes

Composite Compomer Glass ionomer cement Total

Chlorhexidine 0.2382±0.0448BC 0.2045±0.0102AC 0.1854±0.0216A 0.2094±0.0359b

Listerine 0.2921±0.0094E 0.2171±0.0268AB 0.2057±0.0095AC 0.2383±0.0424a

Boric acid 0.3143±0.0384E 0.2276±0.0206BC 0.2206±0.0135AB 0.2542±0.0503a

Distilled water 0.3534±0.0295F 0.2817±0.0267DE 0.2536±0.0319BD 0.2962±0.0513c

Total 0.2995±0.0305a 0.2327±0.0210b 0.2163±0.0191c 0.2495±0.0449

 a-cNo difference between groups with the same letter, A-FNo statistically significant difference between interactions with the same letter
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However, after long-term use of this mouthwash, side effects 
such as pigmentation, taste changes, increased supragingival 
plaque, and mucosal desquamation can be seen on teeth and 
restorations. Therefore, long-term use is not recommended (43). 
The orientation toward alternative substances with reduced side 
effects for biofilm control is an important measure.

This study evaluated the effectiveness of essential oil-containing 
Listerine and BA against S. mutans as an alternative to CHX. It 
has been reported that Listerine is highly effective against the 
biofilm formed by S. mutans. The reason for this is attributed 
to the antibacterial mint, thyme, and eucalyptus it contains 
(44). Fine et al. (45) concluded that daily use of essential oil-
containing mouthwash would be beneficial in addition to 
mechanical oral hygiene since it significantly reduced the level 
of S. mutans. Bugno et al. (46) stated that individuals in the 
group treated with essential oil-containing mouthwashes had 
lower bacterial counts than those treated with saline solution, 
and the antimicrobial activity of mouthwash containing essential 
oil was better than that of 0.12% CHX. According to the data 
obtained in our study, although the effect of a mouthwash 
containing an essential oil was statistically significantly higher 
than DW, it was less than CHX. At the intersection of both 
methods, Listerine and CHX showed similar activity on GIC 
when compared. In this case, in individuals with high caries risk, 
after restoration using GIC, their treatment may be continued 
with Listerine due to the side effects of CHX. However, some 
side effects of Listerine are also stated. Zamora-Perez et al. (47) 
stated that after 30 days of using Listerine containing ethanol, 
there might be nuclear anomalies associated with DNA damage. 
It was stated that phenolic compounds in Listerine might cause 
cell damage to a certain extent. While oral bacteria convert ethanol 
to acetaldehyde, they also metabolize nicotine to nitrosamine in 
smokers. The absorption of these products may increase further 
with phenolic compounds and may have a carcinogenic effect (48).

Boric acid is used in many areas of dentistry. It has been suggested 
that BA may reduce some clinical measures such as bleeding on 
probing and alveolar bone loss in treatments performed within 
the scope of periodontology (49). While it was stated that 6% 

BA concentration for root canal disinfection was as effective 
as NaOCl against Enterococcus faecalis biofilms (50), it was 
emphasized that BA at 0.75% concentration could be used in 
addition to root surface smoothing in the treatment of chronic 
periodontitis (51). The concentration of BA used in this study 
was 0.75%. Boron regulates human hormonal metabolism, is 
an antioxidant, contributes to bone development, strengthens 
the immune system, accelerates wound healing, reduces the risk 
of cancer and weight gain, increases mental performance, and 
cures anemia (52). For these reasons, and due to the side effects 
of mouthwashes containing CHX and essential oil, BA can be 
recommended as a natural treatment alternative in cases where 
it has similar efficacy to these mouthwashes against S. mutans 
adhesion on restorative materials (Table 3 and 4). BA also has 
anti-inflammatory and antioxidant property (53).

Bacteria were evaluated in experimental samples by plate essay, 
OD measurement, or a cell cytometer. Plate essay is the most 
widely used among these methods (54). Although it is inexpensive 
and widely available, this technique has some disadvantages. 
These are the large number of Petri plates on which the smear 
is spread, the need for a large amount of laboratory space for 
the incubation period, the long incubation time required for 
colonies to grow, and the manual analysis of each Petri plate 
one by one (54). MTT, a tetrazolium salt, is a substance that 
is actively absorbed into cells and is reduced to colored, water-
insoluble formazan by a mitochondrial-dependent reaction (14). 
The MTT-reducing property of cells is taken as a measure of 
cell viability. Also, the dye density obtained from MTT analysis 
correlates with the number of viable cells (14). The results found 
in both colony counting and MTT methods show a positive 
and moderate significant relationship, as is the case with the 
correlation graph (Figure 5). However, although the MTT test 
method is beneficial for the researchers in terms of time, the 
existing gaps in the knowledge of the application of MTT in 
bacterial protocols make both methods to be used together in 
the experiments.

There are some limitations of the present study. Since it was 
an in vitro study, the conditions in the mouth could not be 

Figure 5. Scatter plot showing the relationship between logCFU and MTT
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fully imitated. The effectiveness of mouthwashes on a single 
bacterium, S. mutans, was studied. Individual differences, 
such as salivary characteristics and nutritional habits, were not 
considered. In addition, the aging process was not applied to 
dental materials. The mouthwashes were applied only once. In 
the future, in vitro and in vivo studies with different experimental 
designs examining the effect of BA on other bacteria associated 
with dental caries are recommended.

Ethics

Ethics Committee Approval: It is an in vitro study and an ethics 
committee certificate is not required.

Informed Consent: In vitro study.

Peer-review: Externally peer reviewed. 

Authorship Contributions

Consept: S.P.T., K.D., Design: S.P.T., K.D., İ.D., A.O.K., I.B., 
Data Collection or Processing: S.P.T., İ.D., A.O.K., Analysis or 
Interpretation: S.P.T., K.D., E.B., S.H., Ü.U., Literature search: 
S.P.T., Writing: S.P.T., K.D., A.O.K., E.B., S.H.

Conflict of Interest: No conflict of interest was declared by the 
authors.

Financial Disclosure: This study was supported by Karadeniz 
Technical University Scientific Research Projects Unit (project 
number: TDH-2020-8650). 

Acknowledgments: This study is based on a thesis. The authors 
thank to Karadeniz Technical University Scientific Research 
Projects Unit. 

References
1. Engel AS, Kranz HT, Schneider M, Tietze JP, Piwowarcyk A, Kuzius 

T, et al. Biofilm formation on different dental restorative materials in 
the oral cavity. BMC Oral Health 2020;20:162:1-10. 

2. Imazato S. Antibacterial properties of resin composites and dentin 
bonding systems. Dent Mater 2003;19:449-57. 

3. van Dijken JW. A clinical evaluation of anterior conventional, 
microfiller, and hybrid composite resin fillings. A 6-year follow-up 
study. Acta Odontol Scand 1986;44:357-67. 

4. Dutra D, Pereira G, Kantorski KZ, Valandro LF, Zanatta FB. Does 
Finishing and Polishing of Restorative Materials Affect Bacterial 
Adhesion and Biofilm Formation? A Systematic Review. Oper Dent 
2018;43:37-52. 

5. Rupesh S, Winnier JJ, Nayak UA, Rao AP, Reddy NV. Comparative 
evaluation of the effects of an alum-containing mouthrinse and a 
saturated saline rinse on the salivary levels of Streptococcus mutans. J 
Indian Soc Pedod Prev Dent 2010;28:138-44. 

6. Aneja KR, Radhika J, Sharma C. The antimicrobial potential of 
ten often used mouthwashes against four dental caries pathogens. 
Jundishapur J Microbiol 2010;3:15-27. 

7. Axelsson P. Current role of pharmaceuticals in prevention of caries 
and periodontal disease. Int Dent J 1993;43:473-82. 

8. Fischman SL. A clinician’s perspective on antimicrobial mouthrinses. 
J Am Dent Assoc 1994;125(Suppl 2):20-2. 

9. Shah S, Bargale S, Dave BH, Deshpande A, Kariya PB, Karri 
A. Comparison of Antimicrobial Efficacy of (between) 0.2% 
Chlorhexidine and Herbal Mouthwash on Salivary  Streptococcus 
mutans: A Randomized Controlled Pilot Study. Contemp Clin Dent 
2018;9:440-5. 

10. Jones CG. Chlorhexidine: Is it still the gold standard? Periodontol 
2000 1997;15:55-62. 

11. Kara R. Examination of Streptococcus mutans adhesion in current 
hybrid ceramics and composites. Int J Dent Sci Res 2020;8:138-42. 

12. Ruiz-Linares M, Ferrer-Luque CM, Arias-Moliz T, de Castro P, 
Aguado B, Baca P. Antimicrobial activity of alexidine, chlorhexidine 
and cetrimide against Streptococcus mutans biofilm. Ann Clin 
Microbiol Antimicrob 2014;13:1-6. 

13. Sağlam M, Arslan U, Buket Bozkurt Ş, Hakki SS. Boric acid 
irrigation as an adjunct to mechanical periodontal therapy in patients 
with chronic periodontitis: a randomized clinical trial. J Periodontol 
2013;84:1297-308. 

14. Cheng L, Zhang K, Zhou CC, Weir MD, Zhou XD, Xu HH. One-
year water-ageing of calcium phosphate composite containing nano-
silver and quaternary ammonium to inhibit biofilms. Int J Oral Sci 
2016;8:172-81. 

15. da Silva WJ, Seneviratne J, Parahitiyawa N, Rosa EA, Samaranayake 
LP, Del Bel Cury AA. Improvement of XTT assay performance 
for studies involving Candida albicans biofilms. Braz Dent J 
2008;19:364-9. 

16. Konishi N, Torii Y, Kurosaki A, Takatsuka T, Itota T, Yoshiyama M. 
Confocal laser scanning microscopic analysis of early plaque formed 
on resin composite and human enamel. J Oral Rehabil 2003;30:790-
5. 

17. Ikeda M, Matin K, Nikaido T, Foxton RM, Tagami J. Effect of 
surface characteristics on adherence of S. mutans biofilms to indirect 
resin composites. Dent Mater J 2007;26:915-23. 

18. Montanaro L, Campoccia D, Rizzi S, Donati ME, Breschi L, Prati 
C, et al. Evaluation of bacterial adhesion of Streptococcus mutans on 
dental restorative materials. Biomaterials 2004;25:4457-63. 

19. Stanković-Pešić J, Kostić M, Igić M, Dordević V. Biofilm formation 
on dental materials. Acta Stomatol Naissi 2018;34:1821-31. 

20. Kozmos M, Virant P, Rojko F, Abram A, Rudolf R, Raspor P, et 
al. Bacterial Adhesion of Streptococcus mutans to Dental Material 
Surfaces. Molecules 2021;26:1152. 

21. Poggio C, Arciola CR, Rosti F, Scribante A, Saino E, Visai L. Adhesion 
of Streptococcus mutans to different restorative materials. Int J Artif 
Organs 2009;32:671-7. 

22. Eick S, Glockmann E, Brandl B, Pfister W. Adherence of Streptococcus 
mutans to various restorative materials in a continuous flow system. J 
Oral Rehabil 2004;31:278-85. 

23. Yuan C, Wang X, Gao X, Chen F, Liang X, Li D. Effects of surface 
properties of polymer-based restorative materials on early adhesion of 
Streptococcus mutans in vitro. J Dent 2016;54:33-40. 

24. Carlén A, Nikdel K, Wennerberg A, Holmberg K, Olsson J. Surface 
characteristics and in vitro biofilm formation on glass ionomer and 
composite resin. Biomaterials 2001;22:481-7. 



Bezmialem Science 2023;11(4):371-379

379

25. Bollen CM, Lambrechts P, Quirynen M. Comparison of surface 
roughness of oral hard materials to the threshold surface roughness 
for bacterial plaque retention: a review of the literature. Dent Mater 
1997;13:258-69. 

26. Weitman RT, Eames WB. Plaque accumulation on composite surfaces 
after various finising procedures. J Am Dent Assoc 1975;91:101-6. 

27. Park JW, An JS, Lim WH, Lim BS, Ahn SJ. Microbial changes in 
biofilms on composite resins with different surface roughness: An 
in  vitro study with a multispecies biofilm model. J Prosthet Dent 
2019;122:493. 

28. Rosen M, Grossman E, Cleaton-Jones PE, Volchansky A. Surface 
roughness of aesthetic restorative materials: an in vitro comparison. 
SADJ 2001;56:316-20. 

29. Pedrini D, Candido MS, Rodrigues AL. Analysis of surface 
roughness of glass-ionomer cements and compomer. J Oral Rehabil 
2003;30:714-9. 

30. Spencer P, Ye Q, Misra A, Goncalves SE, Laurence JS. Proteins, 
pathogens, and failure at the composite-tooth interface. J Dent Res 
2014;93:1243-9. 

31. Pandit S, Kim GR, Lee MH, Jeon JG. Evaluation of Streptococcus 
mutans biofilms formed on fluoride releasing and non-fluoride 
releasing resin composites. J Dent 2011;39:780-7. 

32. Shani S, Friedman M, Steinberg D. The anticariogenic effect of 
amine fluorides on Streptococcus sobrinus and glucosyltransferase in 
biofilms. Caries Res 2000;34:260-7. 

33. Gajewski VES, Pfeifer CS, Fróes-Salgado NRG, Boaro LCC, Braga 
RR. Monomers used in resin composites: Degree of conversion, 
mechanical properties and water sorption/solubility. Braz Dent J 
2012;23:508-14. 

34. Kumar SR, Patnaik A, Bhat IK. Physical and thermo-mechanical 
characterizations of resin-based dental composite reinforced with 
Silane-Modified nanoalumina filler particle. Proc Inst Mech Eng Part 
L J Mater Des Appl 2016;230:504-14. 

35. Bottino MA, Pereira SMB, Amaral M, Milhan NVM, Pereira CA, 
Camargo SEA, et al. Do dental resin composites accumulate more 
oral biofilms and plaque than amalgam and glass ionomer materials? 
Materials (Basel) 2019;44:E271-8.

36. Barnett ML. The rationale for the daily use of an antimicrobial 
mouthrinse. J Am Dent Assoc 2006;137(Suppl):16-21. 

37. Balappanavar AY, Sardana V, Singh M. Comparison of the effectiveness 
of 0.5% tea, 2% neem and 0.2% chlorhexidine mouthwashes on oral 
health: a randomized control trial. Indian J Dent Res 2013;24:26-34. 

38. Haydari M, Bardakci AG, Koldsland OC, Aass AM, Sandvik L, 
Preus HR. Comparing the effect of 0.06% -, 0.12% and 0.2% 
Chlorhexidine on plaque, bleeding and side effects in an experimental 
gingivitis model: a parallel group, double masked randomized clinical 
trial. BMC Oral Health 2017;17:1-8. 

39. Agarwal P, Nagesh L. Comparative evaluation of efficacy of 0.2% 
Chlorhexidine, Listerine and Tulsi extract mouth rinses on salivary 
Streptococcus mutans count of high school children-RCT. Contemp 
Clin Trials 2011;32:802-8. 

40. Charles CH, Mostler KM, Bartels LL, Mankodi SM. Comparative 
antiplaque and antigingivitis effectiveness of a chlorhexidine and an 

essential oil mouthrinse: 6-month clinical trial. J Clin Periodontol 
2004;31:878-84. 

41. Bascones A, Morante S, Mateos L, Mata M, Poblet J. Influence of 
additional active ingredients on the effectiveness of non-alcoholic 
chlorhexidine mouthwashes: a randomized controlled trial. J 
Periodontol 2005;76:1469-1475. 

42. Martínez-Hernández M, Reda B, Hannig M. Chlorhexidine rinsing 
inhibits biofilm formation and causes biofilm disruption on dental 
enamel in situ. Clin Oral Investig 2020;24:3843-53. 

43. Lang NP, Lindhe J. Clinical periodontology and implant dentistry. 
6th ed. London: Wiley-Blackwell; 2015. 

44. Baffone W, Sorgente G, Campana R, Patrone V, Sisti D, Falcioni 
T. Comparative effect of chlorhexidine and some mouthrinses on 
bacterial biofilm formation on titanium surface. Curr Microbiol 
2011;62:445-51. 

45. Fine DH, Furgang D, Barnett ML, Drew C, Steinberg L, Charles CH, 
et al. Effect of an essential oil-containing antiseptic mouthrinse on 
plaque and salivary Streptococcus mutans levels. J Clin Periodontol 
2000;27:157-61. 

46. Bugno A, Aparecida Nicoletti M, Almodovar AAB, Pereira 
TC, Auricchio MT. Enxaguatórios bucais: avaliação da eficácia 
antimicrobiana de produtos comercialmente disponíveis. Rev Inst 
Adolfo Lutz 2006;65:40-5. 

47. Zamora-Perez AL, Mariaud-Schmidt RP, Fuentes-Lerma MG, 
Guerrero-Velázquez C, Gómez-Meda BC, López-Verdín S, et al. 
Increased number of micronuclei and nuclear anomalies in buccal 
mucosa cells from people exposed to alcohol-containing mouthwash. 
Drug Chem Toxicol 2013;36:255-60. 

48. Fox LT, Gerber M, Du Plessis J, Hamman JH. Transdermal drug 
delivery enhancement by compounds of natural origin. Molecules 
2011;16:10507-40. 

49. Schmidt M, Schaumberg JZ, Steen CM, Boyer MP. Boric acid 
disturbs cell wall synthesis in Saccharomyces cerevisiae. Int J 
Microbiol 2010;2010:930465. 

50. Zan R, Hubbezoglu I, Ozdemir AK, Tunc T, Sumer Z, Alıcı O. 
Antibacterial Effect of Different Concentration of Boric acid against 
Enterococcus Faecalis Biofilms in Root Canal. Marmara Dent J 
2013;1:76-80. 

51. Kanoriya D, Singhal S, Garg V, Pradeep AR, Garg S, Kumar A. 
Clinical efficacy of subgingivally-delivered 0.75% boric acid gel as an 
adjunct to mechanotherapy in chronic periodontitis: A randomized, 
controlled clinical trial. J Investig Clin Dent 2018:9. 

52. Kuru R, Yarat A. Boron and a Current Overview of its Effects On 
Health. Clin Exp Health Sci 2017;7:107-14. 

53. Hakki S, Nielsen F. Boron and Human Health. In: Anti-inflammatory 
and anti-microbial potentials of boron in medicine and dentistry. 
2020:67-82. 

54. Scheler O, Pacocha N, Debski PR, Ruszczak A, Kaminski TS, 
Garstecki P. Optimized droplet digital CFU assay (ddCFU) provides 
precise quantification of bacteria over a dynamic range of 6 logs and 
beyond. Lab Chip 2017;17:1980-7. 


