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Resumo 
Introdução: Muita publicidade sobre enxaguatórios bucais é veiculada em todos os meios de comunicação 
apelando para o efeito anti-placa e prestando um desserviço à comunidade. Grande quantidade de 
enxaguatórios bucais está disponível no mercado e estes diferem em suas composições e eficácia 
antimicrobiana. Objetivo: Neste estudo, avaliamos a atividade antimicrobiana de 35 enxaguatórios bucais 
amplamente disponíveis contra espécies bacterianas envolvidas na iniciação do biofilme dental - 
Streptococcus gordonii, Streptococcus mitis, Streptococcus oralis, Streptococcus salivarius e Streptococcus 
sanguinis. Material e método: A Concentração Inibitória Mínima (CIM) e a Concentração Bactericida 
Mínima (CBM) dos enxaguatórios avaliados foram determinadas de acordo com os protocolos do Clinical & 
Laboratory Standards Institute. Os dados foram submetidos ao teste Kruskal-Wallis e Mann-Whitney post 
hoc (α=0,05). Resultado: Aproximadamente 70% dos enxaguatórios bucais alcançaram alta atividade 
antibacteriana e 30%, baixa atividade antibacteriana contra todas as espécies testadas. O enxaguatório 
bucal mais ineficaz mostrou atividade antibacteriana (CIM) na diluição de 1:1, enquanto a mais eficaz 
mostrou atividade mesmo na diluição de 1:2048, o que pode implicar em efeito prolongado na boca. Cerca 
de 51% dos enxaguatórios bucais apresentaram atividade bactericida, e verificou-se que formulações 
contendo cloreto de cetilpiridíneo ou digluconato de clorexidina estavam associados à maior atividade. 
Conclusão: A maior parte - mas não todos – dos enxaguatórios bucais comercialmente disponíveis são 
eficazes na inibição de colonizadores iniciais de superfícies dentárias in vitro. 
Descritores: Microbiologia; agentes antimicrobianos; enxaguatórios bucais; biofilmes. 

Abstract 
Introduction: Much advertising in mouthwash is conveyed in all media appealing to the anti-plaque effect 
and rendering a disservice to the community. Mouth rinses are available over-the-count and differ on their 
compositions and antimicrobial effectiveness. Objective: In this study, we evaluated the antimicrobial 
activity of 35 widely available mouth rinses against bacterial species involved in initiation of dental biofilm 
– Streptococcus gordonii, Streptococcus mitis, Streptococcus oralis, Streptococcus salivarius, and 
Streptococcus sanguinis. Material and method: The Minimum Inhibitory Concentration (MIC) and the 
Minimum Bactericidal Concentration (MBC) of the evaluated mouth rinses were determined according to 
the Clinical & Laboratory Standards Institute protocols. Data were submitted to Kruskal-Wallis test and 
Mann-Whitney post hoc (α=0.05). Result: About 70% of the mouth rinses achieved high antibacterial 
activity and 30%, a low antibacterial activity against all the species tested. The most ineffective mouth rinse 
showed antibacterial activity (MIC) at 1:1 dilution, while the most effective showed activity even at 1:2048 
dilution, which may imply prolonged effect in the mouth. About 51% of mouth rinses showed bactericidal 
activity, and it was verified that cetylpyridinium chloride or chlorhexidine digluconate containing in the 
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formulation were associated with the highest activity. Conclusion: Most - but not all - mouth rinses 
commercially available are effective in inhibiting in vitro initial colonizers of dental surfaces. 
Descriptors: Microbiology; antimicrobial agents; mouth rinses; biofilms. 

INTRODUCTION 

Oral cavity represents one of the body surfaces with greater abundance and diversity of 
microorganisms. Dental biofilms consist of at least 800 bacterial species1. Within its first 6h of formation, 
dental biofilm microbiota is mainly comprised by Streptococci species, including Streptococcus mitis, 
Streptococcus oralis, Streptococcus salivarius, Streptococcus gordonii and Streptococcus sanguinis2,3, due 
to adhesins that have an affinity to host dental-pellicle and other factors1. 

Although considered non-pathogenic, these Streptococci dental biofilm pioneer species 
modifies the ecological environment and allow biofilm accumulation and maturation, a condition 
that may lead to diseases, such as dental caries and periodontal diseases1,2. A frequent removal of 
the biofilm by mechanical ways – brushing and flossing – are the main methods for dental biofilm 
control4. Coadjutant to the mechanical control, chemical solutions, including mouth rinses, may 
contribute to postpone the biofilm re-formation and thus, its maturation4. Besides, a recent in vivo 
study evidenced a reduced plaque accumulation and gingivitis after six months of chemical-
mechanical compared to mechanical control alone5. 

In this sense, many chemical agents, with different active principles, are used in biofilm 
control. Cetylpyridinium chloride (CPC), essential oils, sodium fluoride, chlorhexidine (CHX) and, 
triclosan are commonly used and the effectiveness of these compounds is apparently associated 
with action spectrum, substantivity in the oral cavity and their action at permissible 
concentrations6. Specific mechanisms of action characterize and distinguish the mouth rinses: 
CPC is an ammonium quaternary that affects microbial proteins and lipids7, while essential oils 
are phenolic compounds that can penetrate cell membrane8. Apart from that, chlorhexidine is a 
cationic compound that binds to bacteria membrane phospholipids9 and triclosan blocks fatty-
acids biosynthesis inhibiting enoyl reductase enzyme10. 

Furthermore, different concentrations lead to particularities in mouth rinses effectiveness. 
Also, the combination of active principles and other substances may contribute to the synergic 
effect or to improve substantivity6,11. These variations difficult the establishment/determination 
of the mouth rinses clinical effectiveness. 

In addition, many studies have evaluated the effects of chemical agents on S. mutans12,13, an 
important agent in caries development, but not responsible for the first stages in initial 
colonization of the substrate. Thus, there is no direct association with the microorganisms 
involved in initial biofilms development. 

Once early colonizers can modify the oral microenvironment and facilitate biofilm 
structuration2, it is important to establish the best properties of a mouth rinse on biofilm control. 
Moreover, it is essential to understand the role of different mouth rinses formulations on initial 
biofilm inhibition. 

Therefore, we evaluated the antimicrobial activity of 35 commercial mouth rinses, against 
bacterial species mainly responsible for initiating dental biofilm. The null hypothesis of this study 
is that there is no significant difference between different compounds on antibacterial activity of 
different mouth rinses. 
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MATERIAL AND METHOD 

Strains 

Five species associated with biofilm initiation on tooth surfaces were evaluated: Streptococcus 
sanguinis (ATCC® BAA-1455), Streptococcus mitis (ATCC® 49456), Streptococcus oralis (ATCC® 10557), 
Streptococcus salivarius (ATCC® 7073), and Streptococcus gordonii (ATCC® 35105). Strains were 
purchased from ATCC® and stored in Skim Milk (BD Difco, NJ, USA) at −70 °C. Pure cultures were 
analyzed by Gram staining and cultivation on Brain Heart Infusion (BHI) agar (BD Difco). 

Mouth Rinses Selection 

Thirty-five mouth rinses available on the market were evaluated (Table 1). Inclusion criteria 
were as follows: be available in at least three large-sized supermarkets localized in four cities 
from São Paulo state (Campinas, Piracicaba, Santos and São Paulo) and be available at Internet 
for whole country orders. The study was blinded concerning the mouth rinse brand. Each mouth 
rinse was fractionated in standard plastic tubes, coded, and assayed by researches that did not 
know products brands. Expiration date was greater than 6 months on the days which mouth rinses 
were assayed. CRIS Guidelines14 were followed to promote quality and transparency in this report. 

Mouth Rinses Minimum Inhibitory Concentration and Minimum Bactericidal 
Concentrations 

Minimum Inhibitory Concentrations (MIC) and Minimum Bactericidal Concentrations (MBC) 
assays were carried out according to the micro-dilution method recommended by The Clinical 
and Laboratory Standards Institute (CLSI M07-A10)15. For the inoculum, strains were grown in 
Mitis Salivarius Agar (MSA, BD Difco) at 37 °C, 10% CO2, for 24 h. Bacterial colonies were 
transferred to 5 mL of BHI and incubated (37 °C, 10% CO2, 18 h). Absorbance (550 nm) of grew 
cultures were adjusted to 0.05 with fresh BHI. Mouth rinses were diluted by 2-fold from pure to 
1:2048 with BHI in the wells of 96-well plates. One hundred microliters of adjusted inoculum 
were mixed with 100 µL of diluted mouth rinses. Therefore, mouth rinses were evaluated at final 
concentrations ranging from 1:1 to 1:4096. Plates were incubated at 37 °C, 10% CO2 and the 
visible bacterial growth was evaluated after 24 h. MIC was defined as the lowest concentration 
that prevented visible growth. To determine MBCs, wells with no visible growth were 
homogenized and aliquots of 20 μL were transferred in triplicate to BHI agar plates followed by 
incubation (37 °C, 10% CO2, 48 h). 

Positive control for bacterial viability was prepared in wells without mouth rinse. Negative 
controls included sterile media with mouth rinses or without. Chlorhexidine digluconate (Sigma 
Aldrich, MO, USA) at 0.12% and its dilutions (1:1 to 1:4096) were used to assess the 
reproducibility assay and as positive control of the bacterial death. Assays were performed in 
duplicate in three independent replicates. 

Then, data were plotted and described in mean scores according to the number of dilutions as 
presented in Table 1. The scores represent the integer number corresponding to the well of MIC 
means. Non-integer averages were not rounded up and a conservative mean was adopted to 
record data in Table 2. The greater the score, the greater bacteria inhibition exhibited by mouth rinse. 
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Table 1. Number of dilutions, mean scores and mouth rinses concentration (%) used to describe 
antimicrobial activity 

Dilution Score Mouth rinses concentration 

1:1 1 50% 
1:2 2 25% 
1:4 3 12.5% 
1:8 4 6.25% 

1:16 5 3.125% 
1:32 6 1.5625% 
1:64 7 0.78125% 

1:128 8 0.390625% 
1:256 9 0.1953125% 
1:512 10 0.09765625% 

1:1024 11 0.04882812% 
1:2048 12 0.02441406% 
1:4096 13 0.01220703% 

Statistical Analysis 

Data normality was verified using the Kolmogorov-Smirnov test. Data with non-normal 
distribution were submitted to Kruskal-Wallis test followed by Mann-Whitney post hoc with peer 
comparison. Significant level was set at 5%. Statistical analysis was done using the SPSS Statistics 
software (version 21; IBM Corp., NY, USA). 

RESULT 

Mouth rinses and their main active ingredients, bacterial inhibition scores, and antibacterial 
activity are shown in Table 2. Of the mouth rinses evaluated, 86% have sodium fluoride at 225 or 
226 ppm in their composition. Cetylpyridinium chloride was the most frequent antimicrobial 
agent used by the manufacturers, being in composition of 45% of the mouth rinses tested (Table 2). 
Essential oils are widely used among mouth rinses and were listed either as active or inactive 
ingredient by the manufacturers. 

The mouth rinses showed similar behavior in their inhibitory activity among the species 
(Table 2), since the MIC assays resolutions is ±1. Therefore, the greater integer of mean 
(conservative mean) was considered for mouth rinses finals’ scoring. 

MIC assays results were analyzed accordingly to CLSI (M07-A10)15 and recommended 
statistical analysis where applied to define break points15. Thus, mouth rinses could be divided in 
two major groups: those with inhibition value equal-below score 5, which we classified as a low 
antibacterial activity, or equal-above score 8, ones with a higher antibacterial activity. 

About 70% of the mouth rinses achieved a high antibacterial activity (score ≥ 8) and 30%, a 
low antibacterial activity (score ≤ 5) (Table 2). It was evidenced that 51.4% of mouth rinses have 
a bactericidal activity and this was associated with the presence of cetylpyridinium chloride, 
essential oils associated with fluorine, or chlorhexidine digluconate compounds. 
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Table 2. List of mouth rinses evaluated, main active(s) ingredient(s), conservative mean* for each species, 
and antimicrobial activity 

Mouth rinse 
(brand) 

Main active(s) 
ingredient(s) 

S. 
mitis 

S. 
sanguinis S. oralis S. salivarius S. 

gordonii 
Conservative 

mean* Activity 

Positive control 
– Chlorhexidine 

0.12% 

0.12% 
Chlorhexidine 

digluconate 
12 11 10 12 11 11a Bactericidal 

Cepacol Flúor 
Cetylpyridinium 
chloride, 226 ppm 
sodium fluoride 

12 11 12 12 11 11a Bactericidal 

Cepacol Menta Cetylpyridinium 
chloride 11 10 11 10 10 10a Bactericidal 

Cepacol Original Cetylpyridinium 
chloride 12 11 11 12 11 11a Bactericidal 

Colgate Plax 
Classic Splash 

Cetylpyridinium 
chloride, 226 ppm 
sodium fluoride 

11 10 11 11 10 10a Bactericidal 

Colgate Plax Fresh 
Mint 

Cetylpyridinium 
chloride, 226 ppm 

sodium fluoride 
13 12 12 13 12 12a Bactericidal 

Colgate Plax Ice 
Infinity 

Cetylpyridinium 
chloride, 226 ppm 
sodium fluoride 

13 10 12 12 11 11a Bactericidal 

Colgate Plax Soft 
Mint 

Cetylpyridinium 
chloride, 226 ppm 
sodium fluoride 

12 12 12 13 12 12a Bactericidal 

Colgate Tea 
Fresh 

Plants extracts, 
cetylpyridinium 
chloride, 226 ppm 
sodium fluoride 

12 11 11 12 10 11a Bactericidal 

Dental Fresh 
Whitening Menta 

Cetylpyridinium 
chloride, 226 ppm 
sodium fluoride 

11 11 11 12 11 11a Bacteriostatic 

Dr Axell Ação 
Total sem álcool 

Cetylpyridinium 
chloride, 225 ppm 
sodium fluoride 

10 10 10 10 9 9a Bacteriostatic 

Dr Axell Cool 
Mint Extra Forte 

com álcool 

Cetylpyridinium 
chloride 11 11 11 12 11 11a Bacteriostatic 

Natural Honey 
Menta Fresh 

Cetylpyridinium 
chloride, propolis 
extract, 226 ppm 
sodium fluoride 

11 11 10 11 10 10a Bactericidal 

Oral B Complete 
Spearmint 

Cetylpyridinium 
chloride, 226 ppm 
sodium fluoride 

12 11 11 12 11 11a Bactericidal 

Oral B Complete 
Mint 

Cetylpyridinium 
chloride, 226 ppm 
sodium fluoride 

12 11 11 12 12 11a Bactericidal 

Oral B Pró-saude 
Clinical 

Protection 

Cetylpyridinium 
chloride 12 11 11 12 11 11a Bactericidal 

Periogard 
0.12% 

Chlorhexidine 
digluconate 

12 11 10 12 11 11a Bactericidal 

Sensodyne 
Cetylpyridinium 
chloride, 226 ppm 
sodium fluoride 

12 9 10 11 9 10a Bacteriostatic 
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Mouth rinse 
(brand) 

Main active(s) 
ingredient(s) 

S. 
mitis 

S. 
sanguinis S. oralis S. salivarius S. 

gordonii 
Conservative 

mean* Activity 

Listerine 
Essential Fresh 

Mint 

Essential oils,  
221 ppm sodium 

fluoride 
9 8 9 9 8 8 ab Bactericidal 

Listerine 
Essential Ice 

Mint 

Essential oils,  
221 ppm sodium 

fluoride 
9 8 9 9 8 8 ab Bactericidal 

Listerine 
Essential Lemon 

Essential oils,  
221 ppm sodium 

fluoride 
8 8 9 9 8 8 ab Bactericidal 

Listerine 
Whitening Mint 

Essential oils, 
hydrogen peroxide 8 8 8 9 8 8 ab Bactericidal 

Listerine Zero 
Menta Suave 

Essential oils, 
sodium lauryl 

sulfate 
9 8 9 9 7 8 ab Bacteriostatic 

Listerine Zero 
Menta Verde 

Essential oils, 
sodium lauryl 

sulfate 
9 8 8 9 8 8 ab Bacteriostatic 

Anapyon 
Plants extracts, 
cetylpyridinium 

chloride 
5 4 5 4 4 4 b Bacteriostatic 

Closeup D. 
Attraction 

Delicate Fresh 

226 ppm sodium 
fluoride 2 1 1 1 1 1 b Bacteriostatic 

Closeup D. 
Attraction Power 

White 

226 ppm sodium 
fluoride 2 2 2 1 2 1 b Bacteriostatic 

Closeup 
Platinum Fresh Essential oils 4 5 4 4 4 4 b Bacteriostatic 

Listerine Cool 
Citrus Essential oils 2 3 2 2 2 2 b Bacteriostatic 

Listerine Cool 
Mint Hortelã Essential oils 2 2 2 2 2 2 b Bacteriostatic 

Listerine 
Cuidado Total 

Menta 

Essential oils,  
221 ppm sodium 

fluoride 
4 4 4 4 4 4 b Bacteriostatic 

Listerine Defesa 
Menta 

Essential oils,  
221 ppm sodium 

fluoride 
4 4 4 3 4 3 b Bacteriostatic 

Listerine 
Freshbrust Mint Essential oils 2 3 2 3 2 2 b Bacteriostatic 

Listerine Tartar 
Control Mint 

Essential oils, zinc 
chloride 5 6 5 5 5 5 b Bacteriostatic 

Malvatricin Plus 
5 em 1 

Triclosan, Malva 
sylvestris extract, 
225 ppm sodium 

fluoride 

7 5 6 6 5 5 b Bacteriostatic 

Malvatrikids 
Junior 

Malva sylvestris 
extract, 225 ppm 
sodium fluoride 

7 6 5 5 5 5 b Bacteriostatic 

*Minimum integer of the mean. Different lower letters indicate statistical differences between mouth rinses MIC (p<0.05), 
Kruskal-Wallis with Dunn’s post hoc. 

Table 2. Continued… 
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Mouth rinses composed by essential oils as sole antimicrobial agent showed lower 
antibacterial activity (mean score 5.7 ± 2.3) compared to cetylpyridinium chloride or 
chlorhexidine digluconate–based products (mean score 10.5 ±1.7) (p<0.01, Kruskal-Wallis). As 
essential oils, sodium fluoride used alone in mouth rinses exhibited low antimicrobial activity for 
all analyzed species compared to cetylpyridinium chloride materials (p<0.01). 

On the other hand, combinations between sodium fluoride and essential oils or other active 
principles were effective controlling the oral microorganisms evaluated in this study. In the same 
way, essential oils combined with tens active detergent (sodium lauryl sulfate) (8.4 ± 0.7) and 
disinfectant (hydrogen peroxide) (8.0 ± 0.4) were effective to control early colonizers. 

DISCUSSION 

Dental biofilm control is essential for preventing major infectious oral diseases3. Mechanical 
biofilm removal is effective in reducing attached bacteria and mouth rinses have been used as 
adjuvants for reduction of the bacterial load16. 

Different active principles of mouth rinses influence on their antimicrobial activity16. 
Chlorhexidine digluconate appears to be the most effective antimicrobial agent16, but over-the-count 
mouth rinses widely available are mainly composed by the antimicrobial agent cetylpyridinium 
chloride (Table 2). The effectiveness of an antimicrobial agent in the oral cavity is also influenced 
by its substantivity11. 

However, the different active principles and different available concentrations generate 
doubts about the influence of these variations on substantivity, specific action sites, toxicity and 
permeability of the chemical agent. These characteristics are relevant because they play an 
important role in the effectiveness in oral microorganisms’ control6. 

To contribute for these questions, in our results, mouth rinses were divided in two major 
groups: those with inhibition value below score 8 (30%), which represents a low antibacterial 
activity, or equal-above score 8 (70%), ones with a higher antibacterial activity. This difference 
was intrinsically related to the antimicrobial active ingredient and its’ concentrations in each 
product tested. In this sense, supported by the differences among antimicrobial activities of the 
mouth rinses analyzed in this study, the null hypothesis was rejected. 

Moreover, we found that products with declared same concentrations of an active ingredient 
somewhat may differ in their inhibitions scores (Table 2). These products were re-assayed and 
the inhibitions scores obtained were reproducible. These differences may be due bioavailability 
of the active principle when combined with other substances from the products’ formula, as 
reported somewhere17. 

Chlorhexidine digluconate is an antimicrobial agent used in few widely commercially available 
mouth rinses. Our results showed that products based in CHX have high bacterial inhibition 
(Table 2), agreeing with published studies (reviewed by Slot et al.16). CHX is a cationic molecule 
that binds nonspecifically to negatively-charged membrane phospholipids of microorganisms9. 
Solutions of chlorhexidine digluconate at 0.12% are clinically effective in reducing biofilm 
formation18 and our study shows CHX 0.12% can inhibit bacterial growth even at further 1:2048 
dilution (Table 2). 

Likewise, our results show the products containing CPC achieved the highest inhibition scores, 
as well as those having CHX. Most mouth rinses containing CPC inhibited bacterial growth of all 
tested strains even at low concentrations, such as 1:2048 (Table 2). As a cationic quaternary 
ammonium agent, CPC targets microbial proteins and lipids7 and can reduce insoluble glucan 
synthesis19. Furthermore, CPC may also affect the expression of bacterial genes involved with 
halitosis20 and, at high concentrations, it causes cell membrane dissolution and consequent 
extravasation of the cytoplasmic content17. 
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In contrast, pure essential oils-based mouth rinses showed lower antimicrobial activity 
comparing with those containing CPC or CHX –based products. This in contrast with the findings 
of other study21, a condition that may be related to the oil extraction methods or the level of purity 
of essential oils, conditions that affect their antimicrobial activity19. On the other hand, 
compounds like sodium lauryl sulfate and hydrogen peroxide were capable to improve 
antimicrobial effect of essential oils products. The possible explanations for those data are that 
sodium lauryl sulfate and hydrogen peroxide are surfactant and disinfectant, respectively, and 
may cause potential inhibitory effect on oral streptococci22,23. Besides, sodium fluoride (NaF) at 
226 ppm was also combined with essential oils and this combination exhibited a synergic effect. 

Although NaF has presented effective results in combination with essential oils and CPC, NaF 
alone has negligible antibacterial activity, since poor antimicrobial activity was evidenced in 
mouth rinses with solely NaF as active principle. However, NaF has efficacy in preventing dental 
caries by several biochemical mechanisms (reviewed by Ten Cate24) instead antibacterial activity. 

Among the mouth rinses, triclosan was used as antimicrobial agent in only one product, which 
showed a low inhibitory activity. Triclosan is an antimicrobial agent that affects the fatty-acid 
biosynthesis in bacterial cells10. It was widely used in the mouth rinses in the past, but seems to 
be in disuse in consumer care products due possible healthy issues25. 

Though clinical performance of mouth rinses depends of many variables, like concentration of 
active principle, substantivity, individual health condition, and host microbiota, there is a linear 
correlation between results of in vitro assays to in vivo mouth rinses’ clinical performance17. In a 
critical view, it is difficult to isolate some significant factors in mouth rinses activity because 
manufacturers do not describe precisely the concentration of active principles and the balance 
between them and the other formula compounds. Nevertheless, our results can compare the 
effects of each commercially available solution over initial colonizers and predict the behavior of 
those compounds in mouth. 

Furthermore, the efficacy of mouth rinses to inhibit early colonizers, evidenced in this study, 
reinforce the importance of including oral mouth rinses as adjuvant in oral hygiene associated to 
mechanical control of biofilm. As evidenced before, by this way, it would be possible to reduce 
plaque accumulation and gingival bleeding index5 which may be significant in individuals who perform 
buccal hygiene with low frequency or do not have enough motor ability to do properly brushing. 

CONCLUSION 

The antimicrobial activity of mouth rinses commercially available strongly vary, but in 
general, the majority of them, based on CPC+NaF and CHX, presented a high inhibition potential 
against species that are early dental biofilm colonizers and could be used as a helpful agent when 
associated with a mechanical oral hygiene. 
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