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ARIAS, L.S. Efeito do tirosol sobre biofilmes de Streptococcus mutans. 
2016 96f. Dissertação (Mestrado em Ciência Odontológica, área de Saúde 
Bucal da Criança) - Faculdade de Odontologia de Araçatuba, Universidade 
Estadual Paulista, Araçatuba 2016. 
 
O tirosol é uma molécula de quorum-sensing (QS) que participa do controle da 

morfogênese em Candida albicans. Contudo, seu efeito como agente 

antimicrobiano sobre biofilmes de Streptococcus mutans permanece 

desconhecido. Assim, o objetivo deste estudo foi avaliar o efeito do tirosol em 

diferentes concentrações sobre a produção de ácido e formação de biofilmes 

por S. mutans ATCC 25175, bem como quantificar biofilmes pré-formados 

desta espécie desenvolvidos sobre espécimes de hidroxiapatita (HA) e tratados 

com tirosol. A concentração inibitória mínima (CIM) de tirosol sobre células no 

estado planctônico foi determinada de acordo com o método da microdiluição. 

Na sequência, biofilmes de S. mutans foram formados durante 48 horas sobre 

espécimes de HA na presença de diferentes concentrações de tirosol (11,25, 

22,5, 50, 100 e 200 mmol l-1), usando saliva artificial como meio de cultura. 

Após, a produção de ácido foi avaliada através da mensuração do pH do meio, 

enquanto a formação de biofilmes foi determinada através da quantificação da 

biomassa total (BT), atividade metabólica (AM) e número de unidades 

formadoras de colônias (UFCs). Ainda, biofilmes pré-formados (24 horas) de S. 

mutans foram tratados com tirosol a 100 e 200 mmol l-1 por 1 minuto, duas 

vezes ao dia, durante três dias, totalizando biofilmes de 96 horas. Em seguida, 

a atividade antimicrobiana foi avaliada por meio da quantificação da BT, AM, 

número de UFCs e composição da matriz extracelular (proteínas e 

carboidratos).  Gluconato de clorexidina (490 µmol l-1) foi usado como controle 

positivo. Os dados foram analisados por ANOVA a um critério, seguido pelos 

testes de Tukey e Holm-Sidak (α = 0,05). Microscopia eletrônica de varredura 

(MEV) foi utilizada na análise da estrutura dos biofilmes. A CIM de tirosol foi 90 

mmol l-1. Tirosol em concentrações subinibitórias (11,25 e 22,5 mmol l-1) não 

reduziu a produção de ácido dos biofilmes de S. mutans. Entretanto, biofilmes 

formados na presença de tirosol a 50, 100 e 200 mmol l-1 mostraram reduções 

significativas na AM e no número de UFCs, variando de 23,4 a 85,5 % e 1,19 a 

4,54-log10, respectivamente. Para os biofilmes pré-formados, os tratamentos 
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com tirosol não promoveram reduções significativas, exceto para a AM do 

biofilme tratado com tirosol a 200 mmol l-1, a qual mostrou uma redução de 40 

% (p = 0.015) quando comparada ao controle negativo. Ainda, o tratamento 

com tirosol a 200 mmol l-1 resultou em aumento significativo no conteúdo 

proteico da matriz extracelular do biofilme pré-formado de S. mutans. As 

imagens de MEV confirmaram os resultados de quantificação das UFCs. 

Portanto, foi possível concluir que o tirosol mostrou melhores efeitos sobre a 

formação de biofilmes do que sobre biofilmes pré-formados, e esta molécula de 

QS não foi capaz de reduzir a produção de ácido dos biofilmes de S. mutans. 

Esses resultados podem ser úteis no desenvolvimento de terapias tópicas 

voltadas para a prevenção de doenças orais associadas aos biofilmes, como a 

cárie dentária.  

 

Palavras-chave: Percepção de quorum; Anti-infecciosos; Biofilmes; 

Streptococcus mutans; Tirosol. 
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ARIAS, L.S. Effect of tyrosol on Streptococcus mutans biofilms. 2016 96f. 
Dissertação (Mestrado em Ciência Odontológica, área de Saúde Bucal da 
Criança) - Faculdade de Odontologia de Araçatuba, Universidade Estadual 
Paulista, Araçatuba 2016. 
 
Tyrosol is a quorum-sensing molecule (QS) that participates in the control of 

Candida albicans morphogenesis. However, its effect as an antimicrobial agent 

on Streptococcus mutans biofilms remains unknown. Thus, the aim of this study 

was to evaluate the effect of tyrosol at different concentrations on the acid 

production and biofilm formation by S. mutans ATCC 25175, as well as to 

quantify pre-formed biofilms of this species developed on hydroxyapatite (HA) 

specimens and treated with tyrosol. Minimum inhibitory concentration (MIC) of 

tyrosol against planktonic cells was determined in accordance with the 

microdilution method. Subsequently, S. mutans biofilms were formed during 48 

hours on HA specimens in the presence of different concentrations of tyrosol 

(11.25, 22.5, 50, 100 and 200 mmol l-1), using artificial saliva as culture 

medium. Next, the acid production was assessed by pH determination of the 

medium, while the biofilm formation was determined through quantification of 

total biomass (TB), metabolic activity (MA) and number of colony-forming units 

(CFUs). Further, S. mutans pre-formed biofilms (24 h) were treated with tyrosol 

at 100 and 200 mmol l-1 twice a day for 1 min, during 3 days, totaling 96-h 

biofilms. Then, the antimicrobial activity was evaluated through quantification of 

TB, MA, number of CFUs and composition of biofilms’ extracellular matrix 

(proteins and carbohydrates). Chlorhexidine gluconate (490 µmol l-1) was used 

as positive control. Data were analyzed by one-way ANOVA, followed by 

Tukey’s and Holm-Sidak's tests (α = 0.05). Scanning electron microscopy 

(SEM) observations were performed in order to analyze biofilms’ structure. MIC 

of tyrosol was 90 mmol l-1. Tyrosol at sub-inhibitory concentrations (11.25 and 

22.5 mmol l-1) was not able to significantly reduce acid production by S. mutans 

biofilms. However, biofilms formed in the presence of tyrosol at 50, 100 and 200 

mmol l-1 showed significant decreases in MA and number of CFUs, ranging from 

23.4 to 85.5 % and 1.19 to 4.54-log10, respectively. For pre-formed biofilms, the 

treatments with tyrosol did not promote significant reductions, except for MA of  
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biofilm treated with 200 mmol l-1 tyrosol, which showed a 40 % reduction (p = 

0.015) compared to the negative control. Moreover, treatment with 200 mmol l-1 

tyrosol resulted in a significant increase in the protein content of the 

extracellular matrix of S. mutans pre-formed biofilm. SEM observations 

confirmed the results of CFU enumeration. In conclusion, tyrosol showed better 

effects on biofilm formation than on pre-formed biofilm, and this QS molecule 

was not able to reduce acid production by S. mutans biofilms. These results 

may be useful in the development of topical therapies focused on preventing 

biofilm-associated oral diseases, such as dental caries. 

 

Keywords: Quorum Sensing; Antimicrobials; Biofilms; Streptococcus mutans; 

Tyrosol. 
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Abstract 

Aim: the aim of this study was to evaluate the effect of tyrosol at different 

concentrations on the acid production and biofilm formation by Streptococcus mutans, 

as well as to quantify pre-formed biofilms of this species developed on hydroxyapatite 

(HA) surfaces and treated with tyrosol.  

Methods and Results: S. mutans biofilms were formed on HA in the presence of 

different concentrations of tyrosol, during 48 h. Next, the acid production was assessed 

by pH determination, while the biofilm formation was determined through 

quantification of total biomass, metabolic activity and number of colony-forming units 

(CFUs). Moreover, pre-formed biofilms (24 h) were treated with tyrosol, twice a day for 

three days, and the antimicrobial activity was evaluated through quantification of total 

biomass, metabolic activity, number of CFUs and composition of biofilms’ extracellular 

matrix. Data were analyzed by one-way ANOVA, followed by Tukey’s and Holm-

Sidak's tests (α = 0.05). Scanning electron microscopy (SEM) observations were 

performed in order to analyze biofilms’ structure. Tyrosol was not able to significantly 

reduce acid production by S. mutans biofilms. However, biofilms formed in the 

presence of tyrosol showed significant decreases in metabolic activity and number of 

CFUs. For pre-formed biofilms, in general, tyrosol did not promote significant 

reductions. SEM observations confirmed the results of CFU enumeration. Conclusion: 

Tyrosol showed better effects on biofilm formation than on pre-formed biofilm of S. 

mutans. 

Significance and Impact of the Study: This is the first study showing the effect of 

tyrosol on S. mutans biofilms. These results may be useful in the development of topical 

therapies focused on controlling biofilm-associated oral diseases, such as dental caries.
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Introduction 

 

Biofilms are defined as structured microbial communities attached to an inert or living 

surface and surrounded by an extracellular matrix into an aqueous medium (Costerton et 

al. 1999; Jakubovics and Kolenbrander 2010). The human oral cavity provides an 

environment with hard and soft tissues, which favors the formation of polymicrobial 

biofilms (Jakubovics and Kolenbrander 2010). The relationship among microorganisms 

within biofilms may enhance their resistance and chances of survival (De Sordi and 

Mühlschlegel 2009; Jakubovics and Kolenbrander 2010). In this sense, imbalances in 

these communities lead to the increase of pathogenic species (Spratt and Pratten 2003), 

contributing to the emergence of biofilm-related oral diseases such as dental caries. Yee 

and Sheiam (2002) reported that in third world countries, dental caries is the fourth most 

expensive disease to treat. Also, this oral disease affects approximately 80-90 % of 

developing countries (Petersen 2004).   

  Streptococcus mutans are Gram-positive bacteria regarded as the major 

causative agent of dental caries (Loesche 1986; Marsh 1999; Krzysciak et al. 2014), 

freely identified in saliva or located on teeth, mucosal surfaces and tongue dorsum 

(Liljemark and Gibbons, 1972). Their resistance to acidic environments and ability to 

produce an extracellular polysaccharide matrix are characteristics that confer a high 

degree of virulence to these bacteria (Loesche 1986; Krzysciak et al. 2014). In addition, 

some studies show that S. mutans is able to interact with other species in oral 

polymicrobial biofilms, such as Candida albicans, further increasing its virulence (Raja 

et al. 2010; Metwalli et al. 2013; Falsetta et al. 2014). Microbial biofilms, including 

those formed by S. mutans, have already developed resistance to some of the

http://www.sciencedirect.com/science/article/pii/S1013905214000406#b0185
http://www.sciencedirect.com/science/article/pii/S1013905214000406#b0185
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 conventional forms of treatment (Feverstein 2012; Taff et al. 2013; Jalal et al. 2015; 

Kouidhi et al. 2015), thereby contributing to disease chronicity.  

To overcome the resistance problem, new strategies have been studied in order 

to control pathogenic biofilms. An alternative therapy involves the use of quorum 

sensing (QS) molecules (Weber et al. 2010). These molecules are secreted by the 

microbial cells in response to cell density within the biofilms, generating a cell-cell 

communication circuit that modifies the expression of target genes, resulting in the 

regulation of several intra- and inter-species physiological activities (biofilm formation, 

virulence, etc.) (Miller and Bassler 2001; Alem et al. 2006; Martins et al. 2007; De 

Sordi and Mühlschlegel 2009; Weber et al. 2010; Gori et al. 2011; Jeon et al. 2011). 

  Farnesol and tyrosol are the main QS molecules isolated from C. albicans. 

Farnesol is an aliphatic alcohol with antibiofilm activity against various species of fungi 

and bacteria (Ramage et al. 2002; Koo et al. 2003; Jeon et al. 2011). In C. albicans, this 

molecule inhibits the yeast-to-hyphae switch (Ramage et al. 2002; Weber et al. 2010). 

In contrast, tyrosol is an aromatic alcohol which induces the yeast-to-hyphae 

transformation (Chen et al. 2004; Chen and Fink 2006; Alem et al. 2006), but its effect 

on biofilms has been less studied. Shanmughapriya et al. (2014) found a synergistic 

antibiofilm effect of tyrosol in combination with amphotericin B against C. krusei and 

C. tropicalis isolated from intrauterine device users. Furthermore, it was recently 

demonstrated that high concentrations of tyrosol alone or combined with amphotericin 

B, itraconazole and fluconazole reduced biofilms formed by several strains of C. 

albicans and C. tropicalis (Cordeiro et al. 2015).
 

Although there are some reports regarding tyrosol activity on Candida biofilms, 

its effect on S. mutans biofilms remains unknown. Therefore, the objective of this study
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 was to evaluate the effect of tyrosol at different concentrations on the acid production 

and biofilm formation by S. mutans, as well as to quantify pre-formed biofilms of this 

species developed on hydroxyapatite surfaces and treated with tyrosol. The tested 

hypothesis was that tyrosol has an inhibitory effect on S. mutans biofilms. 

 

Materials and methods 

 

Tyrosol and artificial saliva 

 

Tyrosol (2-[4-hydroxyphenyl] ethanol) was purchased from Sigma-Aldrich (St Louis, 

USA) and working solutions of this compound were directly prepared in artificial saliva 

(AS; pH 6.8). AS was based on the protocol of Lanfom et al. (2003), and its 

composition for 1 l of deionized water was as follows: 2 g yeast extract (Sigma-

Aldrich), 5 g bacteriological peptone (Sigma-Aldrich), 2 g glucose (Sigma-Aldrich), 1 g 

mucin from porcin stomach (Sigma-Aldrich), 0.35 g NaCl (Sigma-Aldrich), 0.2 g CaCl2 

(Sigma-Aldrich) and 0.2 g KCl (Sigma-Aldrich).  

 

Strain and growth conditions 

 

A reference strain of American Type Culture Collection (ATCC) was used in this study: 

Streptococcus mutans ATCC 25175. S. mutans was cultivated on Brain Hearth Infusion 

Agar (BHI; Difco, Le Pont de Claix, France) in 5 % CO2 at 37 ºC. Afterwards, S. 

mutans colonies were inoculated in 10 ml BHI broth (Difco) and incubated statically 

overnight (18 h) in 5 % CO2 at 37 °C. After the incubation period, the bacterial cells
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 were harvested by centrifugation (6500 g, 5 min) and washed twice in phosphate 

buffered saline (PBS; pH 7, 0.1 mol l
-1

). S. mutans cells were adjusted 

spectrophotometrically to 1 x 10
8
 cells in AS (Optical density640 nm = 1.6) (Anexo B). 

 

Cell surface hydrophobicity 

 

An automatic goniometer (Kruss DSA, 100S, Kruss GMBH, Hamburg, Germany) was 

employed to determine the cell surface hydrophobicity through the sessile drop method, 

using the technique of Busscher et al. (1984b) (Anexo C). Briefly, cell suspentions of S. 

mutans 25175 were resuspended in PBS (pH 7, 0.1 mol l
-1

) to a concentration of 1 x 10
9
 

cells ml
-1

 and filtered under vacuum using cellulose acetate membranes (0.22 µm). 

These membranes were cut in three pieces, deposited on glass slides and inserted into 

petri dishes containing 1 % agar and 10 % glycerol (Busscher et al. 1984b). After 3.5 h, 

the contact angles were measured by deposition of five drops (3 µl each drop) of 

deionized water on the cell layers deposited on each membrane piece. The experiments 

were carried out on three different occasions at 22 ± 2 °C. 

 

Determination of tyrosol minimum inhibitory concentration (MIC) against planktonic 

cells 

 

The broth microdilution method was applied to determine the MIC of tyrosol (Anexo 

D). In short, cell suspensions of S. mutans were standardized to a concentration of 0.5 of 

McFarland standard in saline solution, and subsequently diluted in BHI broth. Tyrosol 

was diluted in deionized water in geometric progression, and after, diluted in BHI broth
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 to yield concentrations varying from 0 to 300 mmol l
-1

. Next, 100 µl of each cell 

suspension + 100 µl of each tyrosol concentration were pipetted into wells of a 96-well 

microplate (Costar, Tewksbury, USA). The plate was incubated at 37 °C for 48 h, and 

then the MIC was visually defined as the lowest concentration inhibiting the growth of 

microorganisms.  Chlorhexidine gluconate (CHG) was used as positive control (PC). 

Also, the contents of the wells (from the MIC endpoint) were plated on BHI agar to 

determine the minimum bactericidal concentration (MBC). All assays were performed 

in triplicate on three independent occasions. 

 

Confection and characterization of hydroxyapatite (HA) specimens 

 

The HA specimens were obtained through the pressing of 0.650 g HA powder (Sigma-

Aldrich) inside a stainless steel matrix (13 mm diameter), between two steel tablets with 

smooth surfaces. The matrix was taken to a hydraulic press (SKAY, São José do Rio 

Preto, Brazil) and submitted to a load of 2.5 t. Next, the matrix parts were separated and 

the HA specimen (a disc with 13 mm diameter x 3 mm thickness) was released from the 

matrix (Anexo E).  

In order to select specimens with similar surface patterns for biofilm assays, HA 

specimens had their surface roughnesses (Ra - µm) measured through a profilometer 

(Mitutoyo SJ-401; Mitutoyo Corp., Tokyo, Japan) (Monteiro et al. 2015). Three 

measurements for each specimen were obtained using a cut-off of 0.25 mm and speed of 

0.5 mm s
-1

. Moreover, the surface hydrophobicity of these specimens was also 

characterized by using an automatic goniometer (Kruss DSA 100S, Kruss GMBH, 

Hamburg, Germany) (Busscher et al. 1984a). Three drops of deionized water were 
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deposited at distinct locations on each specimen surface and the contact angle (θ) values 

were obtained (Anexo F). The assays were carried out at 22 ± 2 °C. Lastly, all 

specimens were rinsed three times in deionized water, dried at 37 °C for 3 h and 

sterilized by irradiation (
60

Co; 25 KGy) before microbiological assays. 

 

Effect of tyrosol on acid production by S. mutans  

 

Specimens of HA were placed into 24-well microtiter plates (Costar, Tewksbury, USA) 

containing 1 ml of S. mutans inoculum (10
8
 cells ml

-1 
in AS). After incubation in 5 % 

CO2 at 37 
o
C for 2 h (adhesion phase), AS medium was removed and the wells were 

gently washed with 1 ml of PBS in order to remove non-adherent cells. Tyrosol was 

diluted in AS at concentrations of 11.25 and 22.5 mmol l
-1

 (corresponding to 1/8 and 1/4 

of the MIC determined for planktonic cells). Each tyrosol solution was then added to the 

wells containing the adhered cells on the surface of the specimens. Plates were 

incubated at 37 
o
C in 5 % CO2 to form biofilms during 48 h. Tyrosol-containing AS was 

renewed every 24 h. Acid production was assessed by the determination of the pH of 

the treatment solutions, both prior to treatment and after 48 h (Hasan et al. 2012) 

(Anexo G). Positive and negative controls were CHG at 0.45 µmol l
-1

 (1/4 of MIC) and 

AS without tyrosol, respectively.  

 

Effect of tyrosol on biofilm formation  

 

Single biofilms of S. mutans ATCC 25175 were formed on the surfaces of HA 

specimens within 24-well plates (Costar). One milliliter of the standardized cell
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 suspension (1 x 10
8
 cells ml

-1
 in AS) was added to the wells containing the HA 

specimens. The plates were incubated in 5 % CO2 at 37 °C for 2 h to allow the cell 

adhesion to surfaces. Afterwards, the AS medium was removed and the specimens were 

gently washed with 1 ml of PBS (pH 7, 0.1 mol l
-1

). Tyrosol was then diluted in AS at 

50, 100 and 200 mmol l
-1

, inoculated into the wells containing the specimens with 

adhered cells, and the plates incubated at 37 °C for 48 h to enable biofilm formation. 

After 24 h, 500 µl of AS medium with tyrosol was removed and an equal volume of 

fresh AS with tyrosol was added. CHG at 490 µmol l
-1

 (272 x MIC) was used as PC. 

HA specimens inoculated with AS without tyrosol were used as negative controls (NC). 

 

Quantification of total biofilm biomass. Total biofilm biomass was quantified by crystal 

violet (CV) staining assay (Monteiro et al. 2013) (Anexo H). In brief, after 48 h of 

biofilm formation in the presence of tyrosol, the resultant biofilms were fixed with 1 ml 

of 99 % (v v
-1

) methanol (Sigma-Aldrich) during 15 min and stained with 1 % CV (v v
-

1
, Sigma-Aldrich) for 5 min. Next, 1 ml of acetic acid (33 % v v

-1
, Sigma Aldrich) was 

added to release CV from the biofilms. The absorbance of the solutions was determined 

in a microplate reader (Eon Microplate Spectrophotometer; BioTek, Winooski, USA) at 

570 nm wave length, and standardized according to the specimens’ surface area 

(absorbance cm
-2

). 

  

Quantification of metabolic activity. Metabolic activity of biofilm cells was 

colorimetrically quantified by the XTT (2,3-(2-methoxy-4-nitro-5-sulphophenyl)-5-

[(phenylamino) carbonyl]-2H-tetrazolium hydroxide) (Sigma-Aldrich) reduction assay
 

(Silva et al. 2010) (Anexo I). Thus, 1 ml of a solution comprising 150 mg XTT l
-1

 and 
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10 mg of phenazine methosulphate l
-1

 (Sigma-Aldrich) was added to each well 

containing the HA specimens with biofilms (48 h). The plates were incubated (120 rev 

min
-1

) in the dark at 37° C for 3 h and then aliquots of 200 µl of the supernatant were 

transferred to 96-well microplates and the absorbance was read at 490 nm. The 

absorbance values were standardized per unit area of specimens (Abs cm
-2

), and the 

blanks were defined as wells containing specimens immersed in AS without 

microorganisms. All assays were repeated in triplicate on three different occasions. 

 

Quantification of cultivable cells. The number of cultivable cells from biofilms formed 

on HA specimens, in the presence of tyrosol, was assessed by enumeration of colony-

forming units (CFUs) (Anexo J). The resultant biofilms were washed once with 1 ml of 

PBS (pH 7, 0.1 mol l
-1

), inserted in falcon tubes containing PBS and then sonicated at 

30 W for 30 s. Biofilm suspensions were vigorously vortexed for 90 s and serial 

decimal dilutions (in PBS; pH 7, 0.1 mol l
-1

) were plated on BHI agar. After 24-48 h of 

incubation at 37 °C, the number of CFUs was counted, expressed in log10 and 

standardized per unit area (Log10 CFU cm
-2

) of  HA specimens. The assays were carried 

out in triplicate on three different occasions. 

 

Effect of tyrosol on pre-formed biofilms  

 

Single biofilms of S. mutans ATCC 25175 were allowed to grow on HA specimens into 

24-well plates containing 1 ml of inoculum, as described above. Plates were incubated 

at 37 
o
C in 5 % CO2, for 24 h. Following this, pre-formed biofilms were treated 

twice/day (9 a.m. and 3 p.m.), for 1 min (Koo et al. 2005) with tyrosol diluted in AS at 
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concentrations of 100 and 200 mmol l
-1

, for 3 days. At the end of the experiment (96-h 

biofilms), AS was removed and the wells were washed with PBS to remove loosely 

attached cells. Total biofilms biomass, metabolic activity and number of CFUs were 

quantified as described above. PC and NC were CHG at 490 µmol l
-1

 and AS without 

tyrosol, respectively.  

 

Composition of extracellular matrix of pre-formed biofilms  

 

For this analysis, S. mutans ATCC 25175 biofilms were grown on the bottom of the 

wells of a 24-well plate, instead of growing on the surface of HA specimens, in order to 

obtain larger amounts of biomass. Each well contained 1 ml of  inoculum, and biofilms 

were treated with tyrosol diluted in AS at 200 mmol l
-1

, besides 490 µmol l
-1

 CHG and 

AS without tyrosol, as described above.  

 

Extraction of extracellular matrix. After a 3-day treatment period, 96-h biofilms were 

scraped from the bottom of the wells and re-suspended in PBS. Biofilm suspensions 

were sonicated at 30 W for 30 s and subsequently vortexed for 120 s. Following this, 

suspensions were centrifuged at 3000 g for 10 min and the supernatants were filtered in 

nitrocellulose filters (0.22 µm) (Monteiro et al. 2014) (Anexo K). 

 

Determination of biofilms’ dry weight. A sample of each scraped biofilm was vacuum 

filtered on pre-weighed cellulose acetate membrane (0.22 µm) and dried at 60 
o
C until a 

constant weight was achieved (Monteiro et al. 2013) (Anexo K). Biofilm’s dry weight 

was then determined by subtracting final weight of the membrane from the initial value.
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Quantification of protein and carbohydrate in the extracellular matrix. The protein 

content of the extracellular matrix was quantified by the bicinchoninic acid method 

(BCA kit; Sigma-Aldrich), using BSA as the standard (Monteiro et al. 2013). Briefly, 

25 µl of the supernatants obtained after biofilm centrifugation were transferred to 

individual wells of a 96-well plate containing 200 µl of the mixture of reagents A and B 

from BCA kit (Anexo K). Plates were incubated at 37 
o
C for 30 min and the absorbance 

was read at 562 nm. 

 The carbohydrate content of the extracellular matrix was determined according 

to Dubois et al. (1956), using glucose as the standard. Supernatants of the centrifuged 

biofilms (500 µl) were mixed with 500 µl of 9 % phenol (Sigma-Aldrich) and 2.5 ml of 

95-98 % sulfuric acid (Sigma-Aldrich) in glass test tubes. Solutions were homogenized 

in vortex and allowed to rest for 15 min (Anexo K). The absorbance was read at 490 

nm. BSA and glucose were used in the calibration curves for protein and carbohydrate 

analyses, respectively. The results were expressed as a function of the biofilms’ dry 

weight (mg g
-1

 dry weight).  

 

Structural analysis of the biofilms 

 

In order to analyze the structure of S. mutans ATCC 25175  biofilms formed in the 

presence of tyrosol and pre-formed biofilms treated with this compound, scanning 

electron microscopy (SEM) was performed (Anexo L). After each experimental period, 

all biofilms were rinsed with PBS, as previously described. For imaging, biofilms were 

dehydrated with ethanol in three steps (70 % for 10 min, 95 % for 10 min and 100 % for 

20 min) and air dried in a desiccator (Monteiro et al. 2015). Samples were mounted on
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 aluminum stubs, coated with gold and then observed in a scanning electron microscope 

(Electron Microscope FEG-VP Supra 35, Carl Zeiss, Jena, Thuringen, Germany). 

 

Statistical analysis 

 

The type of treatment (CHG and different concentrations of tyrosol) was considered as 

variation factor. Data passed the normality test (Shapiro-Wilk) and were submitted to 

one-way ANOVA, followed by Tukey’s and Holm-Sidak’s tests (SigmaPlot 12.0 

software, Systat Software Inc., San Jose, USA). All tests were performed with a 

significance level of 5 %. 

 

Results 

 

Characterization of cell and specimen surfaces  

 

S. mutans ATCC 25175 showed mean (SD) contact angle of 17.82 ° (1.02), 

characterizing a hydrophilic behavior ( < 65 °) (Vogler 1998). Concerning the surface 

roughness, HA specimens presented mean (SD) value of 0.06 µm (0.01). Moreover, the 

low contact angles indicated hydrofilic HA surfaces (9.55 ° ± 2.73). 

 

MIC and MBC 

 

MIC and MBC values of tyrosol were the same (90 mmol l
-1

) and a thousand-fold 

higher than those observed for CHG (Table 1). 
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Determination of acid production by S. mutans 

 

Treatments with tyrosol at 11.25 and 22.50 mmol l
-1

 were not able to significantly 

reduce acid production by S. mutans ATCC 25175 biofilms developed on HA 

specimens (Table 2).  

 

Effect of tyrosol on biofilm formation 

 

S. mutans ATCC 25175 biofilm formed on HA in the presence of different 

concentrations of tyrosol showed no significant differences in biomass when compared 

to the controls (Fig. 1).  

 The results of XTT reduction for single biofilms of S. mutans ATCC 25175 (Fig. 

2) demonstrated that the treatments with tyrosol and CHG promoted significant 

reductions (ranging from 23.4 % to 85.5 %; p < 0.001) in the metabolic activity of 

biofilm cells, compared with the NC. In short, tyrosol at 100 and 200 mmol l
-1

  led to 

better results than at 50 mmol l
-1

, and behaved similarly to CHG. 

 Regarding CFU enumeration (Fig. 3), the highest decreases in the number of 

CFUs were achieved in the presence of CHG and tyrosol at 200 mmol l
-1

 (4.4-log10 and 

4.54-log10, respectively; p < 0.001), when compared to the NC group. Tyrosol at 50 and 

100 mmol l
-1

 was also able to significantly reduce the number of CFUs (p = 0.003). 

 

Effect of tyrosol on pre-formed biofilms
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None of the treatments was able to promote significant reductions on total biomass of 

pre-formed biofilms (Fig. 4).  

 For XTT reduction assay (Fig. 5), the treatments with CHG and tyrosol at 200 

mmol l
-1

 promoted significant reductions in metabolic activity of 71.4 % (p < 0.001) 

and 40 % (p = 0.015) when compared with the negative control, respectively.  

 However, CFU enumeration assay (Fig. 6) showed that only CHG was able to 

promote significant reduction in the number of cultivable cells when compared with the 

negative control, with a reduction of 1.8-log10 (p = 0.002).  

 

Analysis of the composition of biofilms’ extracellular matrix 

 

Treatment with tyrosol at 200 mmol l
-1

 promoted a significant increase in the protein 

content of S. mutans ATCC 25175 biofilm when compared with the negative control 

(Table 3). For carbohydrate content, no significant differences were observed among the 

treatments. 

 

Structural analysis of the biofilms 

 

S. mutans biofilm formed in the presence of tyrosol at 50 mmol l
-1

 (Fig. 7c) showed a 

compact structure consisting of a network of bacterial cells covering the surface (Fig. 

7a), similar to that observed for the untreated biofilm (Fig. 7a). Biofilms formed in the 

presence of CHG (Fig. 7b) and tyrosol at 100 (Fig. 7d) and 200 mmol l
-1

 (Fig. 7e) 

revealed less compact structures and lower amounts of bacterial cells, when compared 

to the NC group. These resultant biofilms consisted of clusters of bacterial cells
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 partially covering the surfaces. The major disruption was visible for the biofilm treated 

with CHG (Fig. 7b).  

Untreated pre-formed biofilm exhibited a dense network of cocci embedded on a 

thin extracellular matrix covering the surface of HA (Fig. 8a). None of the treatments 

seemed to affect the biofilm structure, except for the biofilm treated with CHG (Fig. 

8b), which presented a slightly less compact structure and a less amount of cells, when 

compared to the NC. 

 

Discussion 

 

Biofilm resistance is a major clinical concern (Mah and O'Toole 2001; Taff et al. 2013; 

Jalal et al. 2015), which has motivated the scientific community to develop novel agents 

capable of combating important biofilm-associated oral diseases, such as dental caries 

(Koo et al. 2003; Feverstein 2012).  In this regard, the use of QS molecules has 

generated good prospects when directed to the control of certain bacteria and fungi
 

(Ramage et al. 2002, Koo et al. 2003; Weber et al. 2010; Jeon et al. 2011). Given that S. 

mutans consists in major oral pathogen responsible for the development of the above-

mentioned disease, the present study investigated the effect of tyrosol on the acid 

production and biofilm formation by S. mutans, as well as on pre-formed biofilms of 

this species developed on HA surfaces.  The study’s hypothesis was partially accepted 

since tyrosol significantly influenced some of the parameters assessed. 

Regarding the effect of QS molecules on planktonic cells, different MIC values 

of tyrosol and farnesol for several Candida and Streptococcus species have been 

reported, ranging from 40 µmol l
-1

 to 5 mmol l
-1

 (Koo et al. 2002; Jabra-Rizk et al. 
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2006; Shanmughapriya et al. 2014; Cordeiro et al. 2015). Comparing with the above-

mentioned studies, the MIC value observed for tyrosol in the present study can be 

considered high (Table 1). The discrepant MIC results found in these studies might be 

explained by different susceptibility profiles of the various strains and different 

protocols for determining the MIC. Further, in the current study, tyrosol was directly 

diluted in BHI broth instead of the initial dilution in ethanol/methanol performed in 

most of other studies (Koo et al. 2002; Jabra-Rizk et al. 2006). The dilution in 

ethanol/methanol may have favored the antimicrobial effect by the synergistic action of 

these alcohols with tyrosol/farnesol. 

In order to mimic clinical conditions related to dental caries, HA specimens were 

employed for the in vitro biofilm formation. All specimens were standardized by 

roughness and hydrophobicity because these properties can interfere with the adhesion 

and biofilm formation processes. Usually, surfaces with higher roughness and 

hydrophobicity degree (Bulad et al. 2004; Das et al. 2011), as well as higher cell 

surface hydrophobicity values (Li et al. 2003) favor microbial adhesion. Following this 

rationale, it would be expected a poor biofilm formation due to low roughness and 

contact angle values found in this study. However, the quantification assays and SEM 

observations showed that S. mutans ATCC 25175 was able to form biofilms on HA 

surfaces. The cell adherence and the subsequent biofilm formation are also related to the 

connection of adhesins of the cell wall or membrane to specific cell receptors (Cotter 

and Kavanagh 2000).   

Considering that the virulence factors have been used as a target for the 

development of antimicrobial therapies (Perfect 1996), the present study assessed the 

effect of tyrosol on acid production by S. mutans ATCC 25175 biofilms, but this QS
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 molecule at sub-inhibitory concentrations was shown to be ineffective in this regard 

(Table 2). 

In contrast, the evaluation of XTT reduction demonstrated that the treatments 

with tyrosol and CHG were very effective in reducing the metabolic activity of S. 

mutans ATCC 25175 biofilms (Fig. 2). Tyrosol at 100 and 200 mmol l
-1

displayed 

higher reductions than at 50 mmol l
-1

, and behaved similarly to CHG (Fig. 2). 

Interestingly, the treatment with tyrosol at 200 mmol l
-1

 resulted in the highest decrease 

in the number of CFUs, with significant differences between this treatment and the 

others (Fig. 3). SEM observations are in line with these results and revealed less 

compact structures for biofilms formed in the presence of CHG and tirosol at 100 and 

200 mmol l
-1

 (Fig. 7). On the other hand, the results of total biomass showed no 

reductions caused by the tyrosol treatments (Fig. 1). To explain this issue, it should be 

highlighted that the CV assay quantifies both living and dead cells plus extracellular 

matrix. Thus, this method must always be used as a complement to the XTT and CFU 

assays.  

 According to the literature, CHG’s mechanism of action starts with damage to 

the outer cell layers of the bacterium or yeast (El-Moug et al. 1985), with subsequent 

attacks on the cytoplasmic membrane and leakage of intracellular components
 
(Hiom et 

al. 1993). However, the mechanism of action of tyrosol is unknown. It has been 

hypothesized that tyrosol also might act on the integrity of the cell membrane (Monteiro 

et al. 2015), based on a study with Staphylococcus aureus, where a relationship between 

the K
+
 ion loss and the antimicrobial activity of terpene alcohols had been established 

(Inoue et al. 2004). 
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 To evaluate the effect of tyrosol against pre-formed biofilms, the tyrosol 

concentrations with better results on S. mutans biofilm formation (100 mmol l
-1

 and 200 

mmol l
-1

) were selected. The results of total biomass (Fig. 4) and CFU quantification 

(Fig. 6) are in line with SEM observations (Fig. 8), and demonstrate that tyrosol failed 

to promote significant reductions in pre-formed biofilms. Mature biofilms, as assessed 

in the present investigation (96 h), create an environment that enhances antimicrobial 

resistance. Among the resistance mechanisms, the presence of extracellular matrix 

protects the embedded cells and impairs drug penetration in deeper layers of the biofilm 

(Lewis 2001; Mah and O'Toole 2001; Sutherland 2001). Moreover, the expression of 

resistant genes, the high cellular density within the biofilm, as well as the presence of 

persistent cells are factors that might help to explain the lack of effect of tyrosol against 

the S. mutans pre-formed biofilms (Mah and O'Toole 2001; Jabra-Rizk et al. 2004; 

Kuhn and Ghannoum 2004).  

On the other hand, the treatment with tyrosol at 200 mmol l
-1

 caused significant 

reduction in the metabolic activity of S. mutans pre-formed biofilm. (Fig. 5). This result 

demonstrates that despite 200 mmol l
-1

 tyrosol was not able to reduce the number of 

CFUs (Fig. 6), it did reduce the metabolic activity, indicating that the cells within the 

biofilm remained alive, but with reduced metabolism. It is possible that this reduction in 

cell metabolism could lead to a decreased virulence, besides reducing the potential of 

infection of other areas when these cells are released from the biofilm.  

In the analysis of extracellular matrix composition, despite tyrosol was shown to 

have no effect on carbohydrate content, it significantly increased the protein content of 

extracellular matrix (Table 3). Such increase, however, is not coherent with the results 

of total biomass and metabolic activity for pre-formed biofilms (Figs. 4 and 5). The
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 reasons for these discrepant results are not apparent, and therefore should be further 

investigated. In addition, it must be pointed out that results of extracellular matrix 

composition cannot be directly compared with total biofilm biomass, given that biofilm 

used for this assay was formed on 24-well plates (instead of HA specimens); this 

modification was necessary in order to provide higher amounts of biofilm needed for 

protein and carbohydrate determination. 

Overall, CHG promoted significant reductions on biofilm metabolic activity and 

CFU enumeration at a lower concentration when compared with tyrosol. Despite other 

antimicrobials possibly being more effective than tyrosol (a similar effect with a lower 

concentration), CHG presents some disadvantages and side-effects (Karpiński and 

Szkaradkiewicz 2015). Because of this, new compounds could potentially be used as 

substitutes to or in combination with traditional drugs (Jabra-Rizk et al. 2006, 

Shanmughapriya et al. 2014; Cordeiro et al. 2015). This possibility is supported by 

published data that evaluated the cytotoxity of tyrosol in different cells (Babich and 

Visioli 2003; Loru et al. 2009; Anter et al. 2014) showing that apart from not being 

toxic against kidney (Loru et al. 2009) and salivary gland (Babich and Visioli 2003)
 

cells, tyrosol has an antigenotoxic effect (Anter et al. 2014).  

In conclusion, tyrosol showed better effects on biofilm formation than on pre-

formed biofilm, and this QS molecule was not able to reduce the acid production by S. 

mutans ATCC 25175 biofilms. Finally, future studies addressing the cytotoxic effect of 

tyrosol at the concentrations used in the current work, as well as its action in 

combination with conventional drugs against a larger number of strains must be 

conducted. The completion of novel research with higher clinical reproducibility might
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 collaborate in the development of tyrosol-containing formulations that may prevent 

and/or control oral diseases such as dental caries.  
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Figure captions 

 

Fig. 1.  Mean absorbance values per cm
2
 obtained with crystal violet staining assay for 

single biofilms of S. mutans ATCC 25175 formed on hydroxyapatite specimens in the 

presence of different concentrations of tyrosol. NC: negative control (biofilm formed 

without tyrosol); PC: positive control (490 µmol l
-1

 chlorhexidine gluconate); 50T, 

100T and 200T: tyrosol at 50, 100 and 200 mmol l
-1

, respectively. Error bars indicate 

standard deviations of the means. Different letters represent significant differences 

among the groups (p < 0.05, using one-way ANOVA). 

 

Fig. 2.  Mean absorbance values per cm
2
 obtained with XTT reduction assay for single 

biofilms of S. mutans ATCC 25175 formed on hydroxyapatite specimens in the 

presence of different concentrations of tyrosol. NC: negative control (biofilm formed 

without tyrosol); PC: positive control (490 µmol l
-1

 chlorhexidine gluconate); 50T, 

100T and 200T: tyrosol at 50, 100 and 200 mmol l
-1

, respectively. Error bars indicate 

standard deviations of the means. Different letters represent significant differences 

among the groups (p < 0.05, using one-way ANOVA with Holm-Sidak post-hoc test). 

 

Fig. 3.  Mean values of the logarithm of colony forming units per cm
2
 (log10 CFU cm

-2
) 

obtained for single biofilms of S. mutans ATCC 25175 formed on hydroxyapatite 

specimens in the presence of different concentrations of tyrosol. NC: negative control 

(biofilm formed without tyrosol); PC: positive control (490 µmol l
-1

 chlorhexidine 

gluconate); 50T, 100T and 200T: tyrosol at 50, 100 and 200 mmol l
-1

, respectively. 

Error bars indicate standard deviations of the means. Different letters represent 
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significant differences among the groups (p < 0.05, using one-way ANOVA with Holm-

Sidak post-hoc test). 

 

Fig. 4.  Mean absorbance values per cm
2
 (crystal violet) for pre-formed biofilms of S. 

mutans ATCC 25175 formed on hydroxyapatite, and treated with tyrosol at 100 mmol l
-

1
 (100T) and 200 mmol l

-1
 (200T). NC: negative control (non-treated biofilm); PC: 

positive control (490 µmol l
-1

 chlorhexidine gluconate). Error bars indicate standard 

deviations of the means. Different letters represent significant differences among the 

groups (p < 0.05, using one-way ANOVA). 

 

Fig. 5. Mean absorbance values per cm
2
 (XTT reduction) for pre-formed biofilms of S. 

mutans ATCC 25175 formed on hydroxyapatite, and treated with tyrosol at 100 mmol l
-

1
 (100T) and 200 mmol l

-1
 (200T). NC: negative control (non-treated biofilm); PC: 

positive control (490 µmol l
-1

 chlorhexidine gluconate). Error bars indicate standard 

deviations of the means. Different letters represent significant differences among the 

groups (p < 0.05, using one-way ANOVA with Holm-Sidak post hoc test).  

 

Fig. 6. Mean values of the logarithm of colony forming units per cm
2
 (log10 CFU cm

-2
) 

obtained for pre-formed biofilms of S. mutans ATCC 25175 formed on hydroxyapatite, 

and treated with tyrosol at 100 mmol l
-1

 (100T) and 200 mmol l
-1

 (200T). NC: negative 

control (non-treated biofilm); PC: positive control (490 µmol l
-1

 chlorhexidine 

gluconate). Error bars indicate standard deviations of the means. Different letters 

represent significant differences among the groups (p < 0.05, using one-way ANOVA 

with Holm-Sidak post hoc test).  
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Fig. 7. Scanning electron micrographs of S. mutans ATCC 25175 biofilms formed on 

hydroxyapatite in the presence of different concentrations of tyrosol. NC (a) = negative 

control; PC (b) = positive control (490 µmol l
-1

 chlorhexidine gluconate); tyrosol at 50 

(c), 100 (d) and 200 mmol l
-1

 (mM) (e). Magnification: x 5000. Bar: 5.0 µm. 

 

Fig. 8. Scanning electron micrographs of pre-formed biofilms of S. mutans ATCC 

25175 formed on hydroxyapatite and treated with tyrosol at 100 mmol l
-1

 (mM) (c) and 

200 mmol l
-1

 (mM) (d). NC (a) = negative control; PC (b) = positive control (490 µmol 

l
-1

 chlorhexidine gluconate). Magnification: x 5000. Bar: 5.0 µm.
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Table 1. Minimum inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC) values of tyrosol and chlorhexidine gluconate against the tested 

strain. 

 

 Tyrosol 
Chlorhexidine 

gluconate 

Species 
MIC 

(mmol l
-1

) 

MBC  

(mmol l
-1

) 

MIC  

(µmol l
-1

) 

MBC 

(µmol l
-1

) 

S. mutans ATCC 

25175 
90 90 1.8 7.4 
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Table 2. Mean (SD) pH values obtained with the acid production assay by single 

biofilms of S. mutans ATCC 25175 formed on hydroxyapatite in the presence of tyrosol 

at 11.25 mmol l
-1

 (11.25T) and 22.50 mmol l
-1

 (22.50T). NC: negative control (non-

treated biofilm); PC: positive control (0.45 µmol l
-1

 chlorhexidine gluconate). 

 

Treatments Initial pH Final pH 

NC 7.0 (0.19) 4.7 (0.09)
A 

PC 7.0 (0.10) 4.7 (0.07)
A 

11.25T 6.8 (0.05) 4.6 (0.08)
A 

22.50T 6.9 (0.19) 4.7 (0.06)
A 

Different letters represent significant differences among the 

treatments (one-way ANOVA, p < 0.05) 
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Table 3. Mean (SD) protein and carbohydrate contents (from extracellular matrix) for S. 

mutans ATCC 25175 biofilms obtained after treatment with tyrosol at 200 mmol l
-1

 

(200T). NC: negative control (non-treated biofilm); PC: positive control (490 µmol l
-1

 

chlorhexidine gluconate). 

 

Biofilm 

Protein (mg g
-1

 of biofilm 

dry weight) 
 

Carbohydrate (mg g
-1

 of 

biofilm dry weight) 

Treatments  Treatments 

NC PC 200T  NC PC 200T 

S. mutans 

ATCC 25175 

5.58 

(3.31)
a 

3.02 

(2.62)
a 

13.03 

(2.37)
b 

 
39.22 

(10.44)
A 

53.84 

(12.16)
A 

30.48 

(3.18)
A 

Different lowercase and uppercase letters represent significant differences among the treatments, 

respectively for protein and carbohydrate contents (one-way ANOVA and Tukey’s test, p < 0.05) 
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Fig. 1.  Mean absorbance values per cm
2
 obtained with crystal violet staining assay for 

single biofilms of S. mutans ATCC 25175 formed on hydroxyapatite specimens in the 

presence of different concentrations of tyrosol. NC: negative control (biofilm formed 

without tyrosol); PC: positive control (490 µmol l
-1

 chlorhexidine gluconate); 50T, 

100T and 200T: tyrosol at 50, 100 and 200 mmol l
-1

, respectively. Error bars indicate 

standard deviations of the means. Different letters represent significant differences 

among the groups (p < 0.05, using one-way ANOVA). 
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Fig. 2.  Mean absorbance values per cm
2
 obtained with XTT reduction assay for single 

biofilms of S. mutans ATCC 25175 formed on hydroxyapatite specimens in the 

presence of different concentrations of tyrosol. NC: negative control (biofilm formed 

without tyrosol); PC: positive control (490 µmol l
-1

 chlorhexidine gluconate); 50T, 

100T and 200T: tyrosol at 50, 100 and 200 mmol l
-1

, respectively. Error bars indicate 

standard deviations of the means. Different letters represent significant differences 

among the groups (p < 0.05, using one-way ANOVA with Holm-Sidak post hoc test).  
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Fig. 3.  Mean values of the logarithm of colony forming units per cm
2
 (log10 CFU cm

-2
) 

obtained for single biofilms of S. mutans ATCC 25175 formed on hydroxyapatite 

specimens in the presence of different concentrations of tyrosol. NC: negative control 

(biofilm formed without tyrosol); PC: positive control (490 µmol l
-1

 chlorhexidine 

gluconate); 50T, 100T and 200T: tyrosol at 50, 100 and 200 mmol l
-1

, respectively. 

Error bars indicate standard deviations of the means. Different letters represent 

significant differences among the groups (p < 0.05, using one-way ANOVA with Holm- 

Sidak post hoc test). 
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Fig. 4.  Mean absorbance values per cm
2
 (crystal violet) for pre-formed biofilms of S. 

mutans ATCC 25175 formed on hydroxyapatite, and treated with tyrosol at 100 mmol l
-1

 

(100T) and 200 mmol l
-1

 (200T). NC: negative control (non-treated biofilm); PC: positive 

control (490 µmol l
-1

 chlorhexidine gluconate). Error bars indicate standard deviations of 

the means. Different letters represent significant differences among the groups (p < 0.05, 

using one-way ANOVA) 
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Fig. 5. Mean absorbance values per cm
2
 ( XTT reduction) for pre-formed biofilms of S. 

mutans ATCC 25175 formed on hydroxyapatite, and treated with tyrosol at 100 mmol l
-

1
 (100T) and 200 mmol l

-1
 (200T). NC: negative control (non-treated biofilm); PC: 

positive control (490 µmol l
-1

 chlorhexidine gluconate). Error bars indicate standard 

deviations of the means. Different letters represent significant differences among the 

groups (p < 0.05, using one-way ANOVA with Holm-Sidak post hoc test).  
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Fig. 6. Mean values of the logarithm of colony forming units per cm
2
 (log10 CFU cm

-2
) 

obtained for pre-formed biofilms of S. mutans ATCC 25175 formed on hydroxyapatite, 

and treated with tyrosol at 100 mmol l
-1

 (100T) and 200 mmol l
-1

 (200T). NC: negative 

control (non-treated biofilm); PC: positive control (490 µmol l
-1

 chlorhexidine 

gluconate). Error bars indicate standard deviations of the means. Different letters 

represent significant differences among the groups (p < 0.05, using one-way ANOVA 

with Holm-Sidak post hoc test).   
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Fig. 7. Scanning electron micrographs of S. mutans ATCC 25175 biofilms formed on 

hydroxyapatite in the presence of different concentrations of tyrosol. NC (a) = negative 

control; PC (b) = positive control (490 µmol l
-1

 chlorhexidine gluconate); tyrosol at 50 

(c), 100 (d) and 200 mmol l
-1

 (mM) (e). Magnification: x 5000. Bar: 5.0 µm. 
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Fig. 8. Scanning electron micrographs of pre-formed biofilms of S. mutans ATCC 

25175 formed on hydroxyapatite and treated with tyrosol at 100 mmol l
-1

 (mM) (c) and 

200 mmol l
-1

 (mM) (d). NC (a) = negative control; PC (b) = positive control (490 µmol 

l
-1 

chlorhexidine gluconate). Magnification: x 5000. Bar: 5.0 µm. 
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Original Articles Original Articles comprise most of the Journal and should have as 

their aim the development of concepts as well as the recording of facts. The manuscript 

should be prepared for a wide readership and as far as possible should present novel 

results of a substantial programme of research. 

Review Articles 

Review Articles will present a substantial survey with an adequate historical perspective 

of the literature on some facet of applied microbiology. We would prefer to see a 

distillation of early and present work within the field to show progress and explain the 

present interest and relevance. The manuscript should not be simply a review of past 

work or be concentrated largely on unpublished results. 

Letters to the Editor 

The Chief Editor will consider letters which will provide further debate on a particular 

topic arising from the publication of a paper in the Journal. Author(s) of the paper will 

be sent an edited copy of the letter and they will have the right of reply. Both letters will 

be published in the Journal. 

EDITORIAL PROCESS 

New manuscripts sent to the Journal will be handled first by the Editorial Office who 

checks compliance with the guidelines to authors. The manuscript is assigned to a 

handling Editor by the Chief Editor, and goes through a rapid screening process at 

which stage a decision to reject or to go to full review is made. This step ensures a rapid 

rejection of unsuitable manuscripts for the journal. Manuscripts that go to full review 

are assigned a minimum of two reviewers. Following the return of two reports, the 

handling Editor provides a report to the Chief Editor, who takes the decision to accept, 

revise or reject the manuscript. Revised manuscripts are directly handled by the Chief 

Editor who decides whether or not the manuscript should go back to the handling Editor 

for additional comments from the reviewers. Following the return of a report from the 

handling Editor and reviewers, the Chief Editor makes the decision to accept, further 

revise or reject the manuscript. 

Authors may be advised that short papers not exceeding four published pages would be 

better placed in Letters in Applied Microbiology. Sequential publication of numbered 

papers will not be permitted. 

EDITORIAL POLICY 

To ensure responsible publication practices, this Journal adheres to Wiley 

Blackwell’s publication ethics policies, which include guidelines on handling suspected 

publication misconduct and complaints about the Journal. This Journal is a member of, 

and subscribes to the principles of, theCommittee on Publication Ethics. 

Authorship 

Qualification for authorship should comprise (1) substantial contribution to conception 

and design or the acquisition and analysis of data, (2) drafting or critically revising the 

manuscript, and (3) approval of the final submitted version. All authors must satisfy all 
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three criteria, and all those who do satisfy this criteria must be included in the list of 

authors when the paper is submitted to the Journal. By submission of a manuscript to 

the Journal, all authors warrant that they have the authority to publish the material and 

that the paper, or one substantially the same, has neither been published previously, nor 

is being considered for publication elsewhere. Submissions may be subject to testing for 

textual similarity to other published works via the CrossCheck software employed by 

the Journal. 

Conflict of interest disclosure 

Journal of Applied Microbiology requires that all authors disclose any potential sources 

of conflict of interest. Any interest or relationship, financial or otherwise, that might be 

perceived as influencing an author's objectivity is considered a potential source of 

conflict of interest. These must be disclosed when directly relevant or indirectly related 

to the work that the authors describe in their manuscript. Potential sources of conflict of 

interest include but are not limited to patent or stock ownership, membership of a 

company board of directors, membership of an advisory board or committee for a 

company, and consultancy for or receipt of speaker's fees from a company. The 

existence of a conflict of interest does not preclude publication in this journal. 

If the authors have no conflict of interest to declare, they must also state this at 

submission. It is the responsibility of the corresponding author to review this policy 

with all authors and to collectively list in the cover letter to the Chief Editor, in the 

manuscript (in the Conflict of Interest section), and in the online submission system 

ALL pertinent commercial and other relationships. 

Ethics of experimentation 

The Journal will only accept manuscripts in which there is evidence of the ethical use of 

animals or harmful substances. The care and use of experimental animals must comply 

with all relevant local animal welfare laws, guidelines and policies, and a statement of 

such compliance should be provided upon submission. Where possible, alternative 

procedures that replace the use of animals, either partially or completely, for example in 

vitro biological systems, should be used. Where this is not possible, the minimum 

number of animals should be used and pain and suffering reduced, consistent with 

attaining the scientific objectives of the study. All reasonable steps must be taken to 

ensure the humane treatment of animals, so as to minimize discomfort, distress and 

pain. Animals in pain or moribund should be painlessly killed according to local 

euthanasia regulations. The Journal encourages corresponding authors of manuscripts 

involving animal research to refer to the ARRIVE guidelines before submission of a 

manuscript. 

Potential threat to security 

The Journal expects that all authors will conform to the National Science Advisory 

Board for Biosecurity (NSABB) guidelines for Dual Use Life Sciences Research. 

Where a reviewer is concerned that an article might include information that could be a 
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threat to security then the Editor will treat the article as possible DURC (dual use 

research of concern) and may consult a specialist reviewer. Their advice will be taken  

into account by the Editor in making any final decision on publication.Biosecurity 

The Journal asks authors of papers related to Schedule 5 biological agents to inform the 

Editor at the time of manuscript submission if their study has the potential for both 

benevolent and malevolent application. This is often referred to as “dual use research of 

concern”. The National Science Advisory Board for Biosecurity (NSABB) guidelines 

state that a “dual use research of concern” can arise in relation to “research that, based 

on current understanding, can be reasonably anticipated to provide knowledge, 

products, or technologies that could be directly misapplied by others to pose a threat to 

public health and safety, agricultural crops and other plants, animals, the environment, 

or material”. 

Antibiotic antimicrobial testing and microbial resistance 

A number of methods like disc diffusion, Etest, agar dilution, broth microdilution and 

broth macrodilution, are suitable for in vitro antimicrobial susceptibility testing. 

However, the test used must be performed in accordance with an internationally 

accepted procedure; for example tests published by the Clinical and Laboratory 

Standards Institute (CLSI), the British Society for Antimicrobial Chemotherepy 

(BSAC), the Deutsches Institut fur Normung e.V. (DIN) and the Comite de 

l'Antibiogramme de la Scoiete Francaise de Microbiologie (CA-SFM). Further guidence 

and interpretation of MIC 50 and MIC 90 values as well as guidence for the 

interpretation of multiresistance can be found in Schwarz et al. J. Antimicrobial 

Chemother 2010; 65: 601-604. 

Data availability 

Data that is integral to the paper must be made available in such a way as to enable 

readers to replicate, verify and build upon the conclusions published in the paper. Any 

restriction on the availability of this data must be disclosed at the time of submission. 

Data may be included as part of the main article where practical. We recommend that 

data for which public repositories are widely used, and are accessible to all, should be 

deposited in such a repository prior to publication. The appropriate linking details and 

identifier(s) should then be included in the publication and where possible the 

repository, to facilitate linking between the journal article and the data. If such a 

repository does not exist, data should be included as supporting information to the 

published paper or authors should agree to make their data available upon reasonable 

request. 

 Nucleotide sequence data should be deposited in the EMBL/GenBank/DDBJ 

Nucleotide Sequence Data Libraries and the accession number referenced in the 

manuscript text, e.g. “E. coli (GenBank accession no. EUXXXXXX.X)”. Sequence 

data should only be included if they are new (unpublished), complete (no 

unidentified nucleotides included) and if the sequence information itself provides 

important new biological insights of direct relevance to the question addressed in 

the manuscript. Generally sequences should not be submitted if the same gene has
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been reported in another species unless a comparison with related sequences 

contributes important new information. 

 Presentation of nucleotide sequences should include clear indications of nucleotide 

numbers and points of interest, e.g. promoter sequences, ribosome binding sites,  

 mutations, insertions, probe sequences, etc. In the case of comparisons, nucleotides 

 which differ between the sequences should be readily visible to the reader, e.g. by  

the use of bold face, shading, boxing or by the use of a dash to represent identical 

nucleotides. The font size used in the manuscript should facilitate appropriate 

reduction of the figure. 
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policy and the Journal’s compliant self-archiving policy please 

visit: http://www.wiley.com/go/funderstatement. 

Referrals to the Open Access Journal MicrobiologyOpen and Food Science & 

Nutrition. This journal works together with two of Wiley's open access 

journals, MicrobiologyOpen and Food Science & Nutrition to enable rapid publication 

of good quality research that is unable to be accepted for publication by our journal. 

Authors may be offered the option of having the paper, along with any related peer 

reviews, automatically transferred for consideration by one of these two 

journals. MicrobiologyOpen and Food Science & Nutrition are Wiley open access 

journals and article publication fees apply. For more information, please go 

to www.microbiologyopen.com/infoand www.foodscience-nutrition.com/info. 
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athttp://mc.manuscriptcentral.com/appliedmicrobiology. The main text of a manuscript 

must be submitted as a Word document (.doc) or Rich Text Format (.rtf) file. All 

original files that you upload will be available for the Editorial Office to access. 

Cover letter 

The cover letter should contain answers to the following two questions, which will help 

the Editors in determining whether you manuscript should be sent for full peer review 

(~50 words per answer): 

1. How does this work fits the Aims and Scope of the Journal? 

2. In what way is this work novel? 

The cover letter should also disclose any potential sources of conflict of interest that 

Editors may consider relevant to their manuscript. 

Suggesting reviewers 

Authors are invited to suggest at least two reviewers. It is not appropriate for reviewers 

to be members or former members of the authors' organization(s), or to have been 

associated with them. Conversely, authors may identify ‘non-preferred’ reviewers or 

institutions that they would rather were not approached. Authors should give 

justification for choosing non-preferred reviewers or institutions in their cover letter. 

Authors are advised that handling Editors reserve the right to select reviewers of their 

choice. 

MANUSCRIPT PREPARATION AND PRESENTATION 

Manuscripts should be drafted as concisely as possible. As space in the Journal is at a 

premium, the Editors always reserve the right to require authors to reduce the length of 

their manuscripts. Manuscripts will not be reviewed unless the English is of a 

publishable standard. 

It is strongly recommended that you use the author submission checklist to help you to 

prepare your submission to the Journal.
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The main text of the manuscript should be prepared as a Word document (.doc) or Rich 

Text Format (.rtf) file. Text must be double-spaced, and the pages of the manuscript 

must be numbered consecutively. 

The title page should show the title of the manuscript; the names of authors and place(s) 

where the work was done; an abbreviated running headline not exceeding 35 letters and 

spaces; and the complete contact details for the corresponding author. 

Original Articles should contain the following sections in this order:

ABSTRACT: A brief summary of about 150-200 words, should give the major findings 

of the investigation under the following four headings: Aims; Methods and Results; 

Conclusions; Significance and Impact of Study. A list of between five and eight 

keywords should be added; 

 INTRODUCTION: A balance must be struck between the pure and applied aspects 

of the subject; 

 MATERIALS AND METHODS: Ensure that the work can be repeated according 

to the details provided. By submission of a manuscript, the authors consent that 

biological material, including plasmids, viruses and microbial strains, unobtainable 

from national collections will be made available to members of the scientific 

community for non-commercial purposes subject to national and international 

regulations governing the supply of biological material. In the case of a new 

diagnostic PCR, you should consider the need for an internal amplification control 

(JAM 2004 96(2):221; available here). 

 RESULTS: Well-prepared tables and figures must be a cardinal feature of the 

'Results' section because they convey the major observations to readers who scan a 

paper. Information provided in tables and figures should not be repeated in the text, 

but focus attention on the importance of the principal findings of the study. In 

general, journal papers will contain between one and seven figures and tables; 

 DISCUSSION: This must not recapitulate the results and authors must avoid the 

temptation of preparing a combined 'Results and Discussion' section; 

 ACKNOWLEDGEMENTS: Contributors who do not qualify as authors should be 

acknowledged and their particular contribution described. All sources of funding 

for the work reported, for all the authors, must be acknowledged. Both the research 

funder and the grant number (if applicable) should be given for each source of 

funds; 

 CONFLICT OF INTEREST: If no conflict of interest exists, then 'no conflict of 

interest declared' should appear within this section. Otherwise, authors should list 

all pertinent commercial and other relationships that may be perceived as a 

potential source of conflict of interest. 

 REFERENCES; 

 SUPPORTING INFORMATION (if applicable): Supporting Information can be a 

useful way for an author to include important but ancillary information with the 

online version of an article. Examples of Supporting Information include additional 

tables, data sets, figures, movie files, audio clips, 3D structures, and other related 

nonessential multimedia files. Supporting Information should be cited within the 

http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2672.2003.02188.x/full
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 article text. The availability of supporting information should be indicated in the 

main manuscript by a section headed 'Supporting Information', under which should 

be appropriate legends for the material. It is published as supplied by the author, 

and a proof is not made available prior to publication; for these reasons, authors 

should provide any Supporting Information in the desired final format. For further 

information on recommended file types and requirements for submission, please 

visit:http://authorservices.wiley.com/bauthor/suppinfo.asp 

 

 

Review Article manuscripts must normally not exceed 32 pages (A4) including 

references, figures and tables. As references can make a heavy demand on the pages 

available to you, it is suggested that you select key references only. The headings in 

Review Articles are of the author's choice, but the manuscript should begin with a short 

SUMMARY of 150-200 words. 

References 

The Harvard system should be used. Citation of references having three or more names 

should be cited in the text as Jones et al. (1992) at the first and subsequent times of 

quoting the reference. A series of references should be given in ascending date order 

(Green and Smith 1946; Jones et al. 1956). Names with the prefixes de, do van, von, 

etc. will be placed in alphabetical order of the first letter of the prefix, e.g. von Braun 

would appear under 'V'. Different publications having the same author(s) and year will 

be distinguished by, for example, 1992a, 1992b. Papers or other publications having no 

obvious author(s) should usually be cited as 'Anon.' with the year in the text and 

bibliography. Web sites should be quoted in the text with an access date. Abbreviate 

journal titles according to Index Medicus 

(http://www.nlm.nih.gov/tsd/serials/terms_cond.html). Personal communications should 

be cited in the text with initials and family name of all individuals. 

The following is an example of order and style to be used in the manuscript: 

Fricker, C.R. (1995) Detection of Cryptosporidium and Giardia in water. In Protozoan 

Parasites in Water ed. Betts, W.B., Casemore, D., Fricker, C.R., Smith, H.V. and 

Watkins, J. pp.91-96. London: The Royal Society of Chemistry. 

Garner, J.S. and Favero, M.S. (1985) Guidelines for Handwashing and Hospital 

Environment Control. US Public Health Service, Centers for Disease Control HHS No. 

99-117. Washington DC: Government Printing Office. 

Laverick, M.A., Wyn-Jones, A.P. and Carter, M.J. (2004) Quantitative RT-PCR for the 

enumeration of noroviruses (Norwalk-like viruses) in water and sewage. Lett Appl 

Microbiol 39, 127-135. 

Tables 

Tables must be prepared in the same format as the manuscript text, and should ideally 

appear at the end of the main manuscript file. Tables must not include ruled vertical or 
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horizontal lines with the exception of headers and a footer (see example). The use of 

explanatory footnotes is permissible and they should be marked by the following  

(shown in order of preference): *, †, ‡, §, ¶, **, †† etc. For an example of table 

style, click here. 

 

Figures 

Figures should be uploaded to the online submission site as separate files. Authors are 

advised that poor quality figures may delay the publication of their paper. Symbols or 

keys representing data series in graphs and charts must not be shown on the figure itself 

but be included in the legend. For an example of figure style, click here. 

Photographs must be of good quality and high contrast. The magnification must be 

indicated by adding a bar representing a stated length. Composite photographs can 

reduce the numbers that require publication. The Journal will not accept figures 

illustrating SDS-PAGE and agarose gels with multiple lanes, where lane order has been 

rearranged using digital imaging software. The figure should also show sufficient of the 

gel to reveal reference markers (e.g. the sample origin and a tracker dye, or a lane of 

molecular mass markers). Save line art such as charts, graphs and illustrations in EPS or 

PDF format. Most programs have a ‘Save as...’ or ‘Export...’ feature to allow you to do 

this 

 Save photographic images in TIFF format. These should be at a resolution of at 

least 300 dpi at final size 

 Save figures containing a combination of photographic images and text (eg 

annotated photographic images with text labels) as EPS or PDF. Any photographic 

images embedded within these should be at least 300 dpi 

 Perform a visual check of the quality of the generated image. You should be able to 

zoom in to about 300% without the image becoming noticeably blurred or 

pixelated. If the image does appear pixelated at this zoom, then try going back to 

the original image and checking that it complies with the recommended format and 

settings 

 Detailed information on the submission of electronic artwork can be found 

at:http://authorservices.wiley.com/bauthor/illustration.asp. 

Colour figures 

Online-only colour in figures is free of charge, however it is essential in these cases that 

the figure legends apply equally well to both printed greyscale and online colour 

versions, and do not specifically refer to the colour. Alternatively you can opt to pay for 

colour in the print and online versions. If your paper is accepted and you have opted for 

printed colour, we will need a completed Colour Work Agreement Form. This form can 

http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1365-2672/homepage/jam_lamtable1.pdf
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1365-2672/homepage/jam_lamfigure.pdf
http://authorservices.wiley.com/bauthor/illustration.asp
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be downloaded as a PDF from here and should be sent to the provided address on 

acceptance. 

 

English usage, abbreviations and units 

Use 'z' spelling where possible, except analyse, dialyse, hydrolyse, etc.; sulfur, sulfate, 

etc. When using numbers in the text, one to nine should be written in full and 10 and 

above should be written as numerals. The Journal uses SI units: g l
-1

 not g/l; d, h, min, s 

(time units) but week and year in full; mol l
-1

 (not M or N); probability is P; 

centrifugation conditions relative to gravity (g). Please refer to the Biochemical Journal 

'Instructions to Authors' www.biochemj.org/bj/bji2a.htm. 

Please click here for some examples of common abbreviations used in the Journal. 

Microbial nomenclature 

The Latin binomial name of micro-organisms, plants and animals (other than farm 

animals) must be given at first mention in the text; thereafter the generic name will be 

abbreviated in such a way that confusion is avoided when dealing with several genera 

all beginning with the same letter, viz.Pseudomonas, Proteus, Pediococcus, etc. (see list 

of abbreviations below). Subspecies are italized (Corynebacterium diphtheriae subsp. 

mitis); groups and types are printed in Roman and designated by capital letters or 

Arabic figures (e.g. Staphylococcus aureus group A). Common names will not have an 

initial capital letter nor will they be underlined in the manuscript, viz. pseudomonad, 

salmonellas. The specific name will be given in full in the captions to tables and figures. 

Major ranks are written in Roman with an initial capital (e.g. 

Enterobacteriaceae).Please click here for a list of abbreviations currently in use for 

common generic names and for notes on referring to plant pathogenic bacteria. 

Gnotobiotic animals 

The terminology for describing the environmental status of animals in gnotobiotic 

experiments has established itself by usage. Germ-free implies freedom from any 

detectable microorganisms or viruses and it is limited by the tests used to detect 

contaminants. Conventional animals have a full complement of associated 

microbes. Open conventional animals are housed in a standard animal house. Isolator 

conventional animals are maintained in isolators and associated with full flora. Ex-

germ-free animals are those with an associated flora which have become conventional. 

Statistics 

Tests must be presented clearly to allow a reader with access to the data to repeat them. 

Statistical tests used in the study should be clearly indicated in the Materials and 

Methods section. It is not necessary to describe every statistical test fully, as long as it is 

clear from the context what was done. In particular, null hypotheses should be clearly 

stated. 

Authors are urged to give consideration to the assumptions underlying any statistical 

tests used and to assure the reader that the assumptions are at least plausible. Authors 

should be prepared to use nonparametric tests if the assumptions do not seem to hold.

http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1365-2672/homepage/JAM_CWAF.pdf
http://www.biochemj.org/bj/bji2a.htm
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1365-2672/homepage/JAMLAM_commonabbr.pdf
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1365-2672/homepage/JAMLAM_commonabbr.pdf
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Footnotes 

Not permitted other than on the first page of a manuscript where they are used to show 

the author's change of address and the address for correspondence. 

Experimental hazards 

Chemical or microbiological hazards that may be involved in the experiments must be 

explained. Authors should provide a description of the relevant safety precautions 

adopted or cite an accepted 'Code of Practice'.English-language editing service 

Authors for whom English is a second language may choose to have their manuscript 

professionally edited before submission to improve the English. A list of independent 

suppliers of editing services can be found here. All services are paid for and arranged by 

the author, and use of one of these services does not guarantee acceptance or preference 

for publication. 

AFTER ACCEPTANCE 

Proofs 

The corresponding author will receive an email alert containing a link to a web site. A 

working email address must therefore be provided for the corresponding author. The 

proof can be downloaded as a PDF file from this site and corrections made following 

the instructions sent with the proofs. Excessive changes made by the author in the 

proofs, excluding typesetter errors, may be charged separately.Early View 

Journal of Applied Microbiology is covered by Wiley Online Library's Early View 

service. Early View articles are complete full-text articles published online in advance 

of their publication in a printed issue. Articles are therefore available as soon as they are 

ready, rather than having to wait for the next scheduled print issue. Early View articles 

are complete and final. They have been fully reviewed, revised and edited for 

publication, and the authors' final corrections have been incorporated. Because they are 

in final form, no changes can be made after online publication. The nature of Early 

View articles means that they do not yet have volume, issue or page numbers, so Early 

View articles cannot be cited in the traditional way. They are therefore given a Digital 

Object Identifier (DOI), which allows the article to be cited and tracked before it is 

allocated to an issue. After print publication, the DOI remains valid and can continue to 

be used to cite and access the article. More information about DOIs can be found 

at: http://www.doi.org/faq.html. 

Offprints 

A PDF offprint of the online published article will be provided free of charge to the 

corresponding author, and may be distributed subject to the Publisher's terms and 

conditions. Free access to the final PDF offprint or your article will be available via 

author services only. Please therefore sign up for author services if you would like to 

access your article PDF offprint and enjoy the many other benefits the service offers. 

Paper offprints of the printed published article may be purchased if ordered via the 

method stipulated on the instructions that will accompany the proofs. Printed offprints 

http://authorservices.wiley.com/bauthor/english_language.asp
http://www.doi.org/faq.html
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are posted to the correspondence address given for the paper unless a different address 

is specified when ordered. Note that it is not uncommon for printed offprints to take up 

to eight weeks to arrive after publication of the Journal. 

Note to NIH Grantees 

Pursuant to NIH mandate, Wiley Blackwell will post the accepted version of 

contributions authored by NIH grant-holders to PubMed Central upon acceptance. This 

accepted version will be made publicly available 12 months after publication. For 

further information, seewww.wiley.com/go/nihmandate. 

Author material archive policy 

Please note that unless specifically requested, Wiley Blackwell will dispose of all 

hardcopy or electronic material submitted 2 months after publication. If you require the 

return of any material submitted, please inform the Managing Editor or Production 

Editor. 

Disclaimer 

Whilst every effort is made by the Publishers and Editorial Board to see that no 

inaccurate or misleading data, opinion or statement appears in this Journal, they wish to 

make it clear that the data and opinions appearing in the articles and advertisements 

herein are the sole responsibility of the contributor or advertiser concerned. 

Accordingly, the Publishers and Editors and their respective employees, officers and 

agents accept no responsibility or liability whatsoever for the consequences of any such 

inaccurate or misleading data, opinion or statement.

http://www.wiley.com/go/nihmandate
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ANEXO B 
 

ILUSTRAÇÃO ESQUEMÁTICA DA PREPARAÇÃO DO INÓCULO DA CEPA DE S. MUTANS 

(108 
CÉLULAS/ML EM SALIVA ARTIFICIAL) 

 

 
 

(A) Preparação do pré-inóculo de S. mutans ATCC 25175; (B) O inóculo foi 

centrifugado a 6500 g durante 5 min; (C) Obtenção do pellet de células e 

descarte do sobrenadante; (D) Na sequência, as células de S. mutans foram 

lavadas com PBS, (E) homogeneizadas em vórtex e (F) centrifugadas 

novamente (foram realizadas duas lavagens com PBS); (G) Alíquotas de 200 µl 

foram adicionadas aos poços de placas de 96 poços e levadas para leitura em 

(H) espectrofotômetro a 640 nm a fim de ajustar o número de células de S. 

mutans para 108 células/ml em saliva artificial. 
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ANEXO C 
 

DETERMINAÇÃO DO GRAU DE HIDROFOBICIDADE DAS SUPERFÍCIES CELULARES 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

(A) Marcações (~1 x 1 cm) feitas na membrana do filtro a vácuo Stericup (0,22 

µm) para receberem o inóculo da cepa de S. mutans; (B) Molhamento prévio da 

membrana do filtro (já acoplado a uma bomba a vácuo) com 10 ml de água 

destilada; (C) Filtragem de 2 mL do inóculo de S. mutans (109 células/ml) nas 

respectivas marcações da membrana; (D) Inserção do pedaço de membrana 

(contendo a camada de células filtradas) sobre lâminas de vidro no interior de 

placas de petri com 1 % de ágar e 10 % de glicerol; (E) Pedaço de membrana 

fixado na plataforma do Goniômetro para mensuração do ângulo de contato 

usando água deionizada como líquido teste. 
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ANEXO D 

 

DETERMINAÇÃO DA CONCENTRAÇÃO INIBITÓRIA MÍNIMA DE TIROSOL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(A) Diluição (1:5) de cada concentração de tirosol no meio de cultura BHI caldo; 

(B) inoculação de colônias de S. mutans em solução salina 0,85%; (C) 

homogeinização em vórtex da suspensão da cepa; (D) ajuste da turbidez da 

suspensão da cepa ao padrão 0,5 da escala McFarland; (E) diluição (1:5) da 

suspensão celular em solução salina; (F) diluição (1:20) da suspensão celular 

no meio BHI caldo; (G) inserção, com auxílio de pipeta multicanal, de 100 µl de 

cada concentração de tirosol diluído em  BHI caldo + 100 µl da suspensão de 

S. mutans em BHI caldo; (H) plaqueamento do conteúdo de cada poço após 48 

horas de incubação para determinação da concentração bactericida mínima de 

tirosol. 
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ANEXO E 
 

OBTENÇÃO DOS ESPÉCIMES DE HIDROXIAPATITA (HA) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(A) Pesagem de 0,65 g do pó de hidroxiapatita (HA- Sigma Aldrich); (B) 

Inserção do pó de HA no interior da matriz de aço inoxidável (13 mm de 

diâmetro); (C) HA em pó no interior da matriz e pastilha de aço sendo inserida 

na matriz; (D) prensagem do pó de HA com carga de 2,5 toneladas; (E) partes 

da matriz de aço utilizada na confecção dos espécimes; (F) aspecto do 

espécime de HA finalizado.  
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ANEXO F 
 

CARACTERIZAÇÃO DA SUPERFÍCIE DOS ESPÉCIMES DE HA  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

(A) Rugosímetro Surftest SJ-400, Tóquio, Japão; (B) ponta analisadora do 

rugosímetro deslizando sobre a superfície do espécime de HA; (C) Goniômetro 

automático Kruss, DAS 100 Standard, Alemanha; (D) espécimes de HA 

posicionados na plataforma do goniômetro para análise do grau de 

hidrofobicidade; (E) imagem do software evidenciando a gota de água 

deionizada (3 µl) dispensada sobre a superfície dos espécimes. 

 



Anexos  - 91 - 
_______________________________________________ 

 

Laís Salomão Arias 

ANEXO G 
 

AVALIAÇÃO DA PRODUÇÃO DE ÁCIDO POR S. MUTANS  

(A) Microeletrodo de referência (Analyser Comércio e Indústria Ltda, São 

Paulo, SP) acoplado ao analisador de íons Orion 720A (Orion Research, Inc.) 

utilizado na determinação dos valores de pH inicial e final (avaliação da 

produção de ácido por S. mutans); (B) espécimes de HA posicionados no fundo 

dos poços de placa de 24 poços contendo biofilmes expostos ao  tirosol nas 

concentrações de 11,25 mol l-1 e 22,5 mol l-1, prontos para a avaliação da 

produção de ácido por meio da mensuração do pH do meio (saliva artificial).
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ANEXO H 
 

QUANTIFICAÇÃO DA BIOMASSA TOTAL DOS BIOFILMES 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

(A) Lavagem dos espécimes com PBS para remoção das células não aderidas; 

(B) fixação dos biofilmes com metanol 99 %; (C) adição de 1 ml de cristal 

violeta 1 % para corar os biofilmes; (D) remoção do cristal violeta e adição de 1 

ml de ácido acético 33 %; (E) transferência de 200 µl da solução final obtida 

para poços de placas de microtitulação de 96 poços; (F) leitura de absorbância 

(570 nm) da solução obtida.    
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ANEXO I 
 

AVALIAÇÃO DA ATIVIDADE METABÓLICA DAS CÉLULAS DOS BIOFILMES 

 

 

 

 

 

 

 

 

 

 

 

 

 

(A) Transferência dos espécimes contendo os biofilmes para novas placas de 

24 poços; (B) soluções de XTT e metassulfato de fenazina (MF) protegidas da 

luminosidade; (C) incubação das placas com solução de XTT + MF (1ml/poço) 

(protegidas da luminosidade) por 3 horas a 37 °C; (D) diferentes tonalidades 

(dependendo da maior ou menor atividade metabólica das células) da solução 

de XTT após o período de incubação; (E) transferência de 200 µl da solução 

final para poços de placas de microtitulação de 96 poços para leitura de 

absorbância (490 nm). 
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ANEXO J 
 

QUANTIFICAÇÃO DAS UNIDADES FORMADORAS DE COLÔNIAS (UFCS) DOS BIOFILMES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(A) Transferência dos espécimes para tubos falcon contendo 3 mL de PBS; (B) 

sonicação e (C) agitação em vórtex para desprendimento e desagregação dos 

biofilmes das superfícies dos espécimes; (D) diluições decimais seriadas das 

suspensões de biofilmes em PBS; (E) e (F) plaqueamento das diluições no 

meio de cultura BHI ágar; (G) crescimento das UFCs de S. mutans em BHI 

ágar. 
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ANEXO K 
 

QUANTIFICAÇÃO DE PROTEÍNA E CARBOIDRATO DA MATRIZ EXTRACELULAR DOS 

BIOFILMES 
 

 

(A) Secagem das amostras de biofilmes após tratamento com tirosol em 

membrana de acetato de celulose (previamente pesada), para determinação do 

peso seco dos biofilmes; (B) amostra sonicada a 30 w por 30 s e (C) 

homogeneizada em vórtex; (D) centrifugação das amostras durante 10 min a 

3000 g; (E) filtragem do sobrenadante obtido anteriormente; (F) kit BCA 

utilizado para quantificação do conteúdo proteico da matriz extracelular; (G) 

pipetagem de 200 µl da mistura dos reagentes do kit em poços de placa de 96 

poços; (H) pipetagem de 25 µl do sobrenadante da amostra de biofilme para 

quantificação de proteínas; (I) para determinação do conteúdo de carboidrato 

da matriz extracelular, 500 µl do sobrenadante das amostras foram adicionados 

à mistura de 500 µl de fenol a 9% e 2,5 ml de ácido sulfúrico em tubos de 

ensaio de vidro; (J) diferentes tonalidades de cores nos tubos demonstrando 

diferentes teores de carboidrato; (K) as quantidades de proteína e carboidrato 

da matriz dos biofilmes foram determinadas colorimetricamente por leitura em 

espectrofotômetro a 562 e 490 nm, respectivamente.
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ANEXO L 
 

MICROSCÓPIO ELETRÔNICO DE VARREDURA (MEV) UTILIZADO NA ANÁLISE DA 

ESTRUTURA DOS BIOFILMES 

 

(A) Microscópio Eletrônico de Varredura (Electron Microscope FEG-VP Supra 

35, Carl Zeiss, Jena, Thuringen, Germany) utilizado na análise da estrutura dos 

biofilmes; (B) espécimes já metalizados em ouro e posicionados no MEV para 

posterior obtenção das imagens.  

 

 


