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Abstract

The aim of the study was to evaluate the in vitro antibacterial action of some commercial mouth 
washing solutions against biofilm formed due to oral microflora from saliva of healthy persons. In this 
study, four oral mouthwash (MWs) solutions, Listerine 100%, Oral B 100%, Chlorhexidine 0.12%, and 
Sensodyne 100%, were selected for evaluating the antibacterial activity against biofilm formation. About 
10 ml of saliva sample was taken from 5 healthy donors in the morning before eating and brushing their 
teeth and collected in sterile containers. Half of the collected saliva was filter-sterilized and used for coating 
and biofilm formation on a 96 ELISA-well microplate, the other part was used to study the antimicrobial ac-
tivity of MW solutions. Biofilm formation was evaluated with crystal violet methods. Crystal violet-based 
method was used to determine the amount of biofilm, and optical densities (OD) of the wells in the plate 
were measured at a wavelength of 600 nm using an ELISA microplate reader to determine the effect of 
mouthwash solutions. The results showed that the amount of biofilm formed by the samples treated with 
Listerine, Oral B, Chlorhexidine and Sensodyne was found to be 28.4%, 32.95%, 37.5%, 60.22%, respec-
tively. All mouthwash solutions showed a highly significant reduction in the biofilm amount (P-value = 
0.00). Accordingly, in this study, all the commercial MW solutions showed antibiofilm activity, but Oral B 
was found to be the most effective mouthwash solution against oral biofilm formation.
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Резюме

Целта на изследването е да се оцени in vitro антибактериалното действие на някои търговски 
разтвори за изплакване на уста срещу биофилм, образуван от орална микрофлора в слюнката на 
здрави хора. За оценка на антибактериалната активност срещу образуването на биофилм са избрани 
четири разтвора за орално прложение на вода за уста (MWs), а именно Listerine 100%, Oral B 100%, 
Chlorhexidine 0.12% и Sensodyne 100%. Сутрин преди хранене и измиване на зъбите се взема около 
1 мл слюнка от 5 здрави донора и се поставя в стерилни контейнери. Половината от събраната 
слюнка се стерилизира през филтър и се използва за покриване и образуване на биофилм върху 96 
ямкова ELISA микроплака, а другата част се използва за изследване на антимикробната активност 
на MW разтворите. Образуването на биофилм се оценява чрез оцветяване с багрилото кристал 
виолет. За определяне на количеството биофилм се изполва метод, базиран на промяната в цвета на 
същото багрило. Оптичната плътност (OD) на ямките в плаката се измерва при дължина на вълната 
600 nm с помощта на ELISA четец за микроплаки, за да се определи антибактериалния ефект на 
разтворите за вода за уста. Резултатите показват, че количеството биофилм, образувано от пробите, 
третирани с Listerine, Oral B, Chlorhexidine и Sensodyne, е съответно 28.4%, 32.95%, 37.5% и 60.22%. 
Всички разтвори вода за уста показват статистически високо намаляване на количеството биофилм 
(P-стойност=0,00). В заключение, всички търговски разтвори MW демонстрират антибиофилмна 
активност, но Oral B е най-ефективният разтвор срещу образуването на орален биофилм.
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Introduction
To maintain further oral hygiene, there is a 

wide use of mouthwash solutions. Some compounds 
found in these products (natural and/or synthetic) 
have their actions on microorganisms through in-
hibiting the growth and blocking some enzymatic 
reactions of these microorganisms, thereby playing 
an essential role in the control of biofilm formation 
(Saad et al., 2011). Biofilms are organized micro-
bial cell communities which adhere to surfaces and 
show phenotypic heterogeneity (Ammons et al., 
2014). The microorganisms form a microecosys-
tem, where there will be a release of by-products 
(e.g. acids) that may affect the surface integrity. 
These by-products can lead to accumulation into a 
biofilm, in addition to using them in metabolizing 
carbohydrates derived from the host’s diet. If they 
are found on the teeth, biofilms can participate in 
tooth demineralization and therefore development 
of dental caries. Mouthwash solution products are 
usually divided into therapeutic or cosmetic. Ther-
apeutic mouthwashes contain active ingredients 
that help mechanical control and maintain oral 
health. In many systematic reviews, the effective-
ness of various formulations like Delmopinol (Del) 
(Addy et al., 2007), Hexetidine (Afennich et al., 
2011), Povidone-iodide (Sahrmann et al., 2010), 
Chlorhexidine gluconate (CHX) (Gunsolley, 2006; 
Gunsolley, 2010; Van Leeuwen et al., 2011, Es-
sential oil (EO) (Gunsolley, 2006; Stoeken et al., 
2007), Cetylpyridinium chloride (CPC) (Haps et 
al., 2008) and Hydrogen peroxide were reported 
(Hossainian et al., 2011). Therapeutic mouthwash 
solutions function as anti-gingivitis and anti-plaque 
agents, causing prevention of the first steps of bi-
ofilm formation, i.e., bacterial adhesion. Fluoride 
mouthwashes act as cariostatic agents, leading to 
dental hard tissue remineralizations and increas-
ing its acid resistance (O’Mullane et al., 2016). 
Mouthwash solutions that contain fluorides are 
recommended as part of caries-prevention strat-
egy for people at high risk of caries, e.g. people 
undergoing orthodontic treatments or those with 
hyposalivary functions (Pitts et al., 2012). Fluoride 
mouthwash solutions contain different fluoride 
compounds, such as sodium fluorides, SnF, sodi-
um monofluorophosphates and AmF (Rošin-Grget 
et al., 2013). The aim of this study was to study the 
efficacy of some selected commercial mouthwash 
solutions (MWs) on polymicrobial biofilm formed 
from saliva of normal healthy donors and study the 
reduction of the amount of the biofilm under the 
treatment with these MWs. 

Materials and Methods
Collecion of saliva sample 

Unstimulated saliva samples were collected 
from 5 donors by a spitting method,  as they contain 
more bacteria than those obtained by drooling (Chi-
appin et al., 2007) in sterile falcon tubes in the mor-
ning before eating and before brushing the teeth. 
SHI broth media prepration

The SHI medium was composed of the fol-
lowing: proteose peptone (Difco) 10 g/L, trypticase 
peptone (Difco) 5.0 g/L, yeast extracts (Difco) 5.0 
g/L, KCl 2.5 g/L, sucrose 5.0 g/L, hemin 5.0 mg/L, 
VitK 1 mg/L, Urea 0.06 g /L, arginine 0.174 g/L, 
mucin (type III, porcine, gastric, Sigma Chemical 
Co. St Louis, Mo) 2.5 g/L, sheep blood (Colora-
do serum company) 5% and N-acetylmuramic acid 
(NAM) 10 mg/L (Tian et al., 2010).
Coating

About 10 mL of unstimulated saliva sample 
was collected from 5 healthy donors by spitting in 
sterile falcon tubes in the morning before eating and 
before brushing their teeth. About 5 mL of saliva 
sample was centrifuged at 2600 g for 3 minutes, after 
that the supernatant was transferred to new tubes and 
mixed with equal volumes of PBS (10x), then this 
mixture was centrifuged again at 14,000 rpm and 
4°C for 10 minutes. For sterilizing the mixture, all 
the supernatant was filtered using 0.45 µm Millipore 
membrane filter. From this sterilized saliva, 100 µL 
was taken and transferred into the wells of a 96-well 
microplate and incubated at 37°C for 1 hour. At the 
end of incubation, the microplate was left under ul-
traviolet light (UV) for 1 hour to sterilize it and then 
stored under sterile conditions until use. The remain-
ing amount of this aliquot was used to study the an-
timicrobial activity under different types of mouth-
washes without sterilization with filter. 
Treatment of biofilm formation

After sterilizing, the mixture of 5 mL portions 
was transferred from aliquot and used to investigate 
antimicrobial action with different types of mouth-
wash solutions as shown in Table 1. 

For this reason, 0.5 mL was distributed to 5 
tubes and labeled as Listerine100%, Oral B100%, 
Chlorhexidine 0.12, Sensodyne100%, and the fifth 
tube was used as a positive control (water mixed 
with aliquot), with 0.5 ml from each of (Listerine 
100%, Oral B 100%, Chlorhexidine 0.12, Senso-
dyne 100%). The whole mixture inside the 5 tubes 
was slowly turned upside down and mixed for few 
minutes. After that, all the 5 tubes were centrifuged 
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at 10,000 rpm for 3 minutes at 4°C. The superna-
tant was removed, and the pellet of each of the 5 
tubes was mixed with 1 ml of sterilized saliva sam-
ple and 1 mL of SHI broth. This mixture was used 
for testing biofilm formation, for this purpose 250 
µL of this mixture was transferred and distributed 
to 96 ELISA microplate wells (flat type) previous-
ly coated with saliva (coating steps), while for the 
control negative well, only 250 µL SHI broth was 
transferred. For each of the positive and negative 
control and mouthwash solution, 8 wells were used. 
The plate was incubated at 37°C for 24 hours.
Identification of biofilm formation by crystal violet 
staining

At the end of the incubation period, the con-
tents of the wells were discarded, and the wells 
were washed manually twice with PBS (pH 7.2) 
and left to dry. After that, each well was loaded with 
50 µL of crystal violet (0.1%). The microplate was 
incubated at room temperature for 20 minutes, after 
that the crystal violet stain was discarded, the mi-
croplate was washed twice with PBS (pH 7.2), and 
then each well was loaded with (200) µl of ethanol 
(96%). In order to remove all the remnant crystal 
violet stain, the plate was left at room temperature 
under slow shaking. After that, the mixture of each 
well was transferred to a new microplate well and 
the biofilm formation was determined by reading 
the optical density (OD) of each well at 600 nm us-
ing ELISA plate reader.
Evaluation the anti-bioflim activity of mouthwash 
solutions

The anti-biofilm activity of the 4 mouthwash 

types was measured depending on the OD value, 
and the % of the biofilm remaining after treatment 
with each type of mouthwash was calculated using 
the following formula: Percentage of biofilm re-
maining = (1-mean of treatment- mean of control/ 
mean of control×100%) (Fred, 2012).
Data analysis 

The difference between variables was esti-
mated by using the one-sample t-test. The SPSS 
V.23 program was used to analyze the current data 
and test the level of significance of α=0.05. The re-
maining biofilm formation (%) after treatment was 
calculated using MS excel application (2010).
Results 

A sample of morning saliva was collected 
from 5 healthy individuals using a spitting method. 
Biofilm formation from the saliva sample contain-
ing oral microflora bacteria is shown in Fig. 1. 

The antibiofilm activity of the selected 4 types 
of commercial mouthwashes in Table 1 showed that 
the Oral B 100% was the most effective mouthwash 
solution against biofilm formation using optical 
density measurement to evaluate the antibiofilm ac-
tivity of the mouthwash solution. The mean value 
of inhibition was (0.25± 0.04) for Oral B 100%, fol-
lowed by Listerin 100% (0.29±0.05) and Chlorhex-
id 0.12% (0.33±0.03), while the lowest activity was 
shown by Sensodyne solution (0.53+ 0.1) (Fig. 2). 

Tables 2 and 3 and Fig. 2 in comparison with 
the result of positive and control showed different 
means of inhibition - 0.88 and 0.22, respectively. 
Statistically, all the selected mouth washing solu-
tions showed antibiofilm activity (P-value= 0.00).

Table 1. Type of mouthwash (MWs) solutions used in this study and their manufacturers

No Mouthwash type Contents Manufacturer
1 Listerine Alcohol, Sorbitol, poloxamer407, Bezoic Acid, Sodium Saccha-

rin, Euccalyptol, Aroma, Methyl Salicylate, Thymol, menthol 
and  Sodium Benzoate

Johnson and Johnson 
(U.S.A)

2 Oral B Aqua, Glycin, Alcohol, Aroma, Methylparben, Poloxamer, 
Sodium floride, Cetylppyridium Chloride, Sodium Saccharin 
and Propylparaben

Procter & Gamble
(Germany)

3 Chlorhexidine % 0.12 Chlorhexidine digluconate Gülsa Diş Ticaret LTD. 
ŞTI (Turkey)

4 Sensodyne Aqua, Glycerine, Sorbitol, Potassium Nitrate, PEG-60 Hydro-
genated Castor Oil, Poloxamer 407, Sodium Benzoate, Aroma, 
Disodium Phosphate, Methyparaben, Propylparaben, Sodium 
Phosphate, Sodium Fluoride, Sodium Saccharin, CI 42090
Containing 3% w/w Potassium Nitrate & 0.048% w/w Sodium 
Fluoride (217ppm fluoride)

GlaxoSmithKline, UK
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Fig. 1. Result of biofilm formation; column 1: Positive control (SHI broth+ saliva sample), columns: 2-5; 
Listerine 100%, Oral B 100%, Chlorhexidine 0.12%, Sensodyne 100% 1 and column 6: Negative control 
contains only sterile saliva.

Fig. 2. Comparison between the antibiofilm activities of selected mouthwashes (MWs) compared with  
positive and negative controls by measuring the OD at 600 nm.

Table 2. Comparison between the antibiofilm activities of selected mouthwashes compared with positive 
and negative controls by measuring the O.D at 600 nm

Type of test N Mean Std.
deviation Maximum Minimum T-test *P-value

Positive control 8 0.88 0.29 1.35 0.51 8.579 0.00 (H.S)
Listerine 40 0.29 0.05 0.42 0.20 33.744 0.00 (H.S)
Oral B 40 0.25 0.04 0.34 0.19 40.163 0.00 (H.S)
Chlorhexidine 40 0.33 0.03 0.41 0.28 67.782 0.00 (H.S)
Sensodyne 40 0.53 0.10 0.69 0.29 31.806 0.00 (H.S)
Negative control 8 0.22 0.04 0.30 0.18 15.331 0.00 (H.S)

*; One-Sample Test; H.S; highly significant 
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In this study, the biofilm remaining ratio (%) 
after treatment of the formed biofilm was calculat-
ed as shown in Fig. 3; the results revealed that the 
Oral B % 100 type was the most active (28.4%) in 
inhibiting biofilm formation, while the less active 
mouthwash solution was Sensodyne with (60.22 %) 
of biofilm remaining after treatment with this type.
Discussion

The careful treatment of oral biofilms, which 
are composed of complex microbial communities, 
is necessary for preventing onsets and progressions 
of oral diseases (Seneviratne et al., 2011). In com-
parison with planktonic bacteria, the microbial com-
munities which form biofilms are more resistant to 
external stresses such as toxic exposures or nutri-
ent depletions, owing to the existence of bacterial 
extracellular polysaccharide (Stoodley et al., 2002; 
Yu et al., 2017). Controlling biofilms may be insuf-
ficient for several individuals, although the remov-
al of biofilms is regarded essential to maintain oral 

health (Van der et al., 2005). Although tooth brush-
ing is regarded as the first-line oral hygienic proce-
dure, the biofilm-removal effect can be restricted 
among some patients or certain areas (Arweiler et 
al., 2018). Hence, for achieving the best oral health 
status, tooth brushing must accompany using che-
motherapeutic agents (Berger et al., 2018). Among 
the antimicrobial agents, chlorhexidine gluconate 
(CHX) has been observed to reduce oral biofilms 
effectively, in addition to prevention and treatment 
of gingival inflammations (Arweiler et al., 2006). 
The current study assessed the antibiofilm action 
of available and some most commonly used com-
mercial MWs brands in the center of Baghdad city 
against polymicrobial biofilm from the saliva of 
normal healthy individuals, which is regarded as 
the primary cause of oral diseases. In our study, 
Listerine and Oral B were used at a 100% concen-
tration, while Chlorhexidine was used at 0.12% 
concentration. As seen in the results, Oral B is the 
most effective commercial mouthwash solution 

Table 3. Biofilm remaining ratio (%) after treatment of saliva sample with four types of commercial mouth 
washing (MWs) solutions

Type of mouth washing 
solution

Mean of 
(PC)

Means of biofilm formation 
after treatments 

% 
of biofilm remaining 

Oral B (%100) 0.88 0.25 28.40
Listerine (% 100) 0.88 0.29 32.95
Chlorhexidine (% 0.12) 0.88 0.33 37.50
Sensodyne (100%) 0.88 0.53 60.22

*; One-Sample Test; H.S; highly significant 

Fig. 3. Biofilm remaining ratio (%) after treatment of saliva sample with four types of commercial mouth-
wash (MWs) solutions
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against oral biofilm formation. This is followed by 
Listerine. But it should be noted that the rate of use 
of Chlorhexidine is very low compared to Listerine 
and Oral B. Despite this, its biofilm inhibiting fea-
ture is not much different from Listerine and Oral 
B. Mouthwashes containing different antibiotics 
have been used to inhibit carcinogenic bacteria in 
plaque. Among them, Chlorhexidine (CHX) is an 
antimicrobial chemical which kills both gram-nega-
tive and gram-positive bacteria via attacking bacte-
rial inner or cytoplasmic membranes. It was shown 
that CHX application is efficacious in inhibiting 
the growth of S. mutant and retarding acid produc-
tion by carcinogenic bacteria (Kocak et al., 2009). 
Antimicrobial essential oil mouth rinses such as 
Listerine can be accessed over the counter. Essen-
tial oil can kill microbes via cell wall disruption and 
inhibition of enzyme activities. It can prevent the 
aggregation of bacteria with gram-positive pioneer 
species and extracts endotoxin from gram-nega-
tive bacteria (Stoeken et al., 2007). Additionally, it 
can lower bacterial loads, slow down plaque matu-
rations and reduce plaque mass and pathogenicity 
(Ouhayoun, 2003). Other reports have shown that 
essential oil can reduce numbers of S. mutans in 
saliva (Fine et al., 2000). Listerine can also inhibit 
the S. mutans biofilm formation in vitro (Baffone et 
al., 2011), and may have a role in preventing the de-
velopment of caries (Filoche et al., 2005). Fluoride 
has well-known caries-preventative effects (Zhang et 
al., 2004). A pilot study using combined 0.2% CHX 
gluconate and   0.055% sodium fluoride as mouth 
rinses showed that the mineral gain of bovine teeth 
for this CHX/fluoride mouth rinse was significantly 
higher than for both the CHX and placebo treatment 
groups. Similarly, fluoride combined with an essen-
tial oil mouth rinse may also have a better preven-
tive effect on caries. The higher concentration of 
CHX has a direct bactericidal effect in penetrat-
ing the bacterial cell wall and causing cytoplasm 
precipitation, while lower concentrations, such 
as 0.012% CHX, are bacteriostatic (Hennessey, 
1973). The main component of Listerine is an es-
sential oil which was shown to be antiseptic. In 
vivo        has found that essential oil can reduce levels 
of plaque and inhibit plaque formation (Moran et 
al., 1997). Other research found that Listerine and 
CHX-containing mouth rinses showed equivalent 
antimicrobial activity when used on biofilm from 
human saliva (Pan et al., 2010). Several clinical 
studies confirmed the plaque-inhibitory properties 
of Listerine. Twice daily application of Listerine 
mouth rinse suppressed de novo plaque forma-

tions following 4 days (Riep et al., 1999) and af-
ter 21days in the absence of mechanical tooth 
cleaning (Brecx et al.,1990; Riep et al., 1999). The 
essential oil mouth rinse resulted in reduction of 
total recoverable Streptococci and S. mutans and 
other anaerobes in plaque, with corresponding re-
ductions in saliva (Fine et al., 2000; 2007). It has 
been well accepted that fluoride can prevent caries 
by inhibiting bacteria and inducing remineraliza-
tion. In the present study, the concentration of bio-
film treated with fluoride Listerine and fluoride of 
Sensodyn showed differences in the means of bio-
film concentration 0.29±0.05), (0.53+ 0.1), respec-
tively (Table 2, 3). The fluoride of Oral B 100% 
solution appeared to act better in preventing biofilm 
formation than the fluoride of Sensodyne 100%.
Conclusions

Oral B 100% mouthwash used in this study 
was the most effective in inhibiting the biofilm 
formation, with little differences in activity with 
Listerine 100%, although there are differences in 
the compositions, while the CHX 0.12% and Sen-
sodyne were shown to be less effective compared 
with other the other mouthwash solutions.
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