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Abstract

Objective: To evaluate in wvitro the effect of a red propolis ethanolic extract (RPE) in the
prevention of growth of a cariogenic biofilm and its cytotoxic potential. Material and Methods:
Minimum inhibitory and bactericidal concentrations (MIC and MBC) of RPE against
Streptococcus mutans and Lactobacillus casei were determined. The cytotoxic potential of 0.4% RPE
in oral fibroblasts was observed after 1, 3 and 5 min of contact. Cellulose membrane disks (13
mm, N=12) were used for biofilm formation (24 h) of S. mutans and L. casei, which were treated (1
min) with 0.4% RPE or 0.12% Chlorhexidine (CHX). The control group of biofilm formation was
not submitted to any treatment. Serial dilutions were then made to evaluate microbial viability.
Descriptive data analysis and, for microbial viability, Mann Whitney test were performed
(p<0.05). Results: RPE showed similar MIC and MBC (4.46 mg/mL) against S. mutans and, for
L. caset, they were 8.92 mg/mL (MIC) and 17.85 mg/mL (MBC). CHX presented MIC and MBC
<0.00002 mg/mL for 8. mutans and 0.00047 mg/mL for L. casei. After 1, 8 and 5 min, the RPE
exhibited, respectively, 69.88%, 43.91% and 40.36% of viable cells. The RPE (6.55) and CHX
(6.87) presented similar efficacy to reduce the total number of viable bacteria (p>0.05). Regarding
the total number of viable bacteria (Logio CFU/mL), the RPE (6.55) and CHX (6.87) presented
similar efficacy (p>0.05). Conclusion: Red propolis extract showed antibacterial activity against
the tested strains, exhibited acceptable cytotoxicity and reduced the colonization of S. mutans and
L. caser in a biofilm membrane model.
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Introduction

Dental caries results from surface demineralization caused by an organized biofilm exposed
to fermentable carbohydrates from the diet [17]. These carbohydrates act as nutrients for biofilm
bacteria, especially acidogenic and aciduric species. Streptococcus mutans and Lactobactllus spp. are the
main microorganisms responsible for the onset and progression of caries, respectively [27]. Both are
able to proliferate and survive in acidic media, resulting in an elevated potential for caries
development [3,4].

In order to prevent the clinical appearance of dental caries and to reduce its progression,
several products with antimicrobial activity can be used [5,67. Natural products have been widely
studied due to their diverse biological properties [7-15]. Among these, propolis is a resinous
substance originated from botanical compounds and collected by bees, and can be classified into
different types (as green, brown and red) according to the chemical composition and geographical
origin [12,16,17].

Red propolis presents antibacterial activity 15,187 and may be considered a potential agent
to reduce accumulation of cariogenic biofilm and, consequently, to reduce the prevention and onset of
dental caries process [15,207]. The incorporation of natural products in several formulations and
their use to treat oral diseases have been widely investigated [217]. The main advantages of these
products when compared to conventional antimicrobial agents, as chlorhexidine gluconate, for
example, is related to lower bacterial tolerance [227, lower toxicity and no gustative change [237].

There are no studies in the update literature in which the cytotoxic and potential antibiofilm
effect of a red propolis extract against a combination of S. mutans and L. casei were evaluated.
Therefore, the aim of this study was to evaluate the iz vitro antibacterial potential of a red propolis

ethanolic extract (RPE) against a cariogenic mixed biofilm, as well as its cytotoxic potential.

Material and Methods
Characterization of Red Propolis Extract

Red propolis was collected in December 2015 from Magé marsh vegetation in the state of
Rio de Janeiro (latitude 22° 39 '10 "S, longitude 43° 02' 26" W and 5 m altitude) and stored in a
desiccator for one week. The extract was produced at the concentration of 30% of solid mass; that is,
for each 100 mL, 70 mL of extractive liquid (80% ethanol) and 30 mL of crude propolis, by means of
the maceration process for 70 days. Following, it was subjected to filtering. The mixture was heated
at 60°C for 30 min under stirring, then filtered on Watman paper n° 2 and centrifuged at 7500 g at
5°C for 10 min [97].

Total flavonoids were measured according to previous authors [247 by a colorimetric
method and the results were expressed as mg of catechin equivalents [257. The contents of phenolic
acids (caffeic, benzoic, ferulic, p-coumaric and 5-caffeoylquinic acids) (Merck KGaA, Darmstadt,
Germany), and chlorogenic acids (38-caffeoylquinic, 4-caffeoylquinic, 8,4-dicafeoylquinic, 3,5-

dicaffeoylquinic, 4,5-dicaffeoylquinic acids, numbered according to IUPAC numbering system, were
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investigated by HPLC-DAD-reverse-phase gradient system [26,27]. DAD was set at 325 nm for

chlorogenic acids and 280 nm for phenolic acids.

Determination of the Antimicrobial Activity of the Red Propolis Extract

The Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration
(MBC) were used to evaluate the antimicrobial activity of the red propolis ethanolic extract (RPE),
according to the reference protocol of the Clinical and Laboratory Standards Institute [287, with a
modification [297].

To evaluate the MIC, 96-well microtiter plates (Alamar Tecno Cientifica Ltda., Diadema, SP,
Brazil) were used. Initially, 100 pL of Brain Heart Infusion (BHI) broth (BD Difco, Franklin Lakes,
NJ, USA) was placed into the wells. Then, 100 pL of the RPE at its initial concentration (80%) was
placed at the first column of the 96-well plate. The RPE was then serially diluted by transferring 100
pL of the most concentrated well content to the least concentrated. After dilution, 100 pL of the
contents of the last column were dispensed to equal the volume of all wells. Finally, 5 pL of the
bacterial inoculum (1.0 x 107 CFU/mL) were inserted in each well, resulting in approximately 5 x
105 CFU/mL per well, and RPE presented a final concentration that varied from 142.85 to 0.069
mg/mL.

To validate the methodology used in this study, we used an antimicrobial control
(chlorhexidine 0.12%); a growth control (microbial suspension in development, without addition of
any antimicrobials); and a sterility control (sterile culture medium, without addition of antimicrobials
or suspensions of microorganisms). The prepared plates were incubated for 24 h at 87°C, with 5%
CO; [9,157. After this, the viability of the microorganisms was evaluated by using the resazurin salt
reduction method, which consists of a visual method [15,307]. The MIC was then considered the
lowest concentration at which bacterial growth was not detected.

The Minimal Bactericidal Concentration (MBC) was obtained by subculturing (20 pL) of the
dilutions corresponding to MIC and two dilutions immediately preceding MIC (2xMIC and 4xMIC)
on BHI agar plates. The MBC was considered the lowest concentration of the substance that
prevented the visible growth of the subculture or the formation of up to three Colony Forming Units
(CFU) [14]. Concentrations in which more than three CFUs were formed were considered only
inhibitory to microbial growth. All tests were performed in triplicate. The results obtained for the

RPE were compared with the positive control for biofilm colonization and negative control.

Cytotoxic Potential

The cytotoxic potential of RPE was evaluated by “dye-uptake” technique [817. Polystyrene
96-well microplates with monolayers of confluent fibroblast cells L929 (ATCC CCL-1 NCTC) was
tested against 0.4% RPE. Minimum Eagle Essential Medium — MEM (Cultilab Materiais Cultura
Células, Campinas, SP, Brazil) was used as the diluent (cell maintenance medium) and the plates were
incubated at 87°C for 1, 8 and 5 minutes with 5% CO.. The cell viability reading was performed with

a spectrophotometer EIx800 (BioTek Instruments, Winooski, USA) at 492 nm. Percentages of viable
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cells of each solution tested were obtained by means of optical density values. White cell control
(wells with untreated L929 cells) and a reaction control (1% Tween) were also investigated.
Assuming the mean of white cell control was equivalent to 100% of viable cells, it was possible to

obtain the toxic potential of that solution.

Antimicrobial Assays with Mixed Biofilm of S. mutans and L. casei

Cellulose membrane disks (13 mm in diameter, N=16) (EMD Millipore, Burlington, MA,
USA) were placed on petri dishes with BHI agar and were used for the formation of mixed biofilms
of 8. mutans and L. casei. The inoculum of each microorganisms was standardized at a concentration
of 1 x 107 CFU/mL (0.1 absorbance under 625 nm wavelength). Microbial mixed suspension (20 pL)
composed of S. mutans and L. case were placed on 0.22 mm membrane disks over BHI agar plates.

The system was incubated in microaerophilic condition for 24 h at 37°C in a microbiological
oven. After this period, the disks were collected and placed for 1 min in microtubes containing 1 mL
of the treatment solutions: 0.4% RPE or 0.12% Chlorhexidine (CHX) - Pharmacological control.
Growth control was not treated. Thereafter, the disks were transferred to microtubes containing 1
mL of saline (0.85% NaCl) and stirred for 2 min (60 Hz) in vortex (Biomixer, VITX-2500, Brazil).
Serial dilutions (10! to 10%) were then performed to evaluate microbial viability (CFU/mL) and,
between one dilution and the next, the suspension was homogenized for 30 seconds [327].

The drop technique was then performed in duplicate for counting viable microorganisms in
which 60 pL (8 drops of 20 pL) of each dilution were placed on BHI agar (BD Difco, Franklin Lakes,
NJ, USA) plates of petri dishes. The number of colonies forming units (CFU) was determined after
48 h incubation, at 37°C, in microaerophilia. Data from bacterial yields quantification were

logarithmically transformed into Log,o CFU/mL for better understanding.

Statistical Analysis

Descriptive and statistical analysis of the data were carried out in SPSS software version 21
(IBM, Chicago, IL - License from Cardiff University, UK). The distribution of the data was verified
through the Shapiro-Wilk test. The Mann Whitney test was used to compare the microbial viability
as a function of the treatments (propolis extract and controls). All tests were performed with a 5%

significance level (p<0.05).

Results

The red propolis extract presented concentrations of total flavonoids and chlorogenic acids
(CGA) equal to 6030.0 pg/mL and 187.93 pg/mL, respectively. Among the phenolic acids identified,
p-coumaric acid (67.83 ng/mkL) presented the highest concentration (Table 1).

MIC and MBC of RPE was 4.66 mg/mL (0.4%) against S. mutans and 8.92 mg/mL (0.8%)
(MIC) and 17.85 mg/mL (MBC) against L. casez. CHX presented MIC and MBC <0.00002 mg/mL
tor the S. mutans and 0.00047 mg/mL for the L. casei (Table 2).
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Table 1. Contents of phenolic compounds in the red propolis ethanol extract (RP).

Phenolic Compounds pg/mL (SD)
Cafteic Acid 1.36 + 0.03
Benzoic Acid 19.70 £ 0.06
Ferulic Acid 26.67 £ 0.04
Sinapic Acid 33.36 £ 0.05
p-Coumaric Acid 67.33 £ 0.07
Chlorogenic Acids 187.93 £ 0.98
Total Flavonoids 6030.0 £ 70.0 (ug quercetin/mL)
Total Phenolic Compounds 6366.35 £ 2091.23 (ug gallic acid/mL)

Results are shown as mean of triplicate analysis, expressed in pg/mL; SD = Standard Deviation.

Table 2. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of
Red Propolis Extract and Chlorhexidine solution (CHX) against strains of S. mutans and L. casei.

Red Propolis Extract Chlorhexidine
Microorganism MIC MBC MIC MBC
mg/mL % mg/mL % mg/mL % mg/mL %
S. mutans 4.46 0.446 4.46 0.446 <0.00002 <0.000002  0.0009  0.00009
L. casei 8.92 0.892 17.85 1.785 0.00047 0.000047 0.0009  0.00009

After 1, 8 and 5 min, 0.4% RPE exhibited, respectively, 69.38%, 43.91% and 40.36% of viable
cells (Table 38).

Table 3. Cytotoxic potential of 0.4% RPE and control (1% Tween) in oral
fibroblasts by the percentage of viable cells.

) N % Viable Cells
Incubation Time

0.4% RPE 1% Tween
1 min 69.38% 18.31%
3 min 43.91% 15.30%
5 min 40.36% 17.50%

The numbers of viable bacteria (logi.. CFU/mL) in the RPE (6.55) and CHX group (6.87)
were similar (p>0.05), but both were better than the growth control to reduce the microorganisms of

biofilm (p<0.05) (Figure 1).
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Figure 1. Bacterial viability in biofilms of §. mutans and L. casei formed during 24 h and submited to a
single treatment. Data were logarithmically transformed (Log.. CFU/mL). Different letters indicate
statistically significant differences between the groups (p<0.05, Mann Whitney test).
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Discussion

The diversity of natural products and of substances in their composition, gives these
products different biological properties, which justifies the development of adjuvant anticaries
therapies [847]. Red propolis has previously exhibited antibacterial properties against S. mutans
[10,15,187, which is the main microorganism associated with the cariogenic biofilm [857].

The phenolic compounds found in the RPE analyzed, as the caffeic acid 867, benzoic acid
[867], ferulic acid [187] and p-coumaric acid [157, are commonly reported in the literature on red
propolis. Different red propolis samples have presented some quantitative variation in their
composition, such as the flavonoids and phenolic acids’ concentrations, but have similar qualitative
profile, which confers various biological properties to the product [367].

RPE showed MIC and MBC of 4.66 mg/mL against S. mutans and 8.92 mg/mL (MIC) and
17.85 mg/mL (MBC) against L. casez. These values were higher than those exhibited by CHX, that
presented good activity against the tested microorganisms [87]. The RPE used in the present study
exhibited less antibacterial potential against S. mutans when compared with other propolis extracts
[10,15,187. However, it showed similar potential compared to other natural products, as Melaleuca
alternifolia [147, and better antibacterial activity than Coffea canephora [77]. Nevertheless, most of
these studies have observed such activity against planktonic cells. Biofilms are much more resistant
to antimicrobial agents than planktonic cells 88,397, since bacteria organized in communities and
adhered to a substrate are surrounded by an extracellular matrix of polysaccharides, in which there
are differentiated phenotypes, metabolism, physiology and genetic transcription, and that acts as a
physical barrier against pH changes and antibiotics action, for example [407]. Thus, assays using
biofilm models mimic the oral environment more properly.

The cytotoxicity percentage of RPE (0.4%) in L929 fibroblasts ranged between 69.38% and
40.36% during the time periods evaluated in the current study. We considered the present extract as
having an acceptable cytotoxicity potential, since the results were lower compared to chlorhexidine,
the golden commercial standard [237. It is also known that chlorhexidine is a broad-spectrum
antimicrobial agent, which can lead to microbial resistance. In addition, frequent use of
chlorhexidine-based solutions results in loss of gustatory sensitivity and tooth pigmentation [237. In
view of these disadvantages, the use of natural products with antimicrobial activity can be considered
157

Higher concentrations of natural products are generally required to be effective against
mature biofilms [887. However, in the present study, even in the presence of S. mutans and L. casei
biofilms, treatment with 0.4% RPE proved to be effective. Furthermore, a lower concentration of the
extract was used compared to other propolis extracts [9,157]. This is an indicator of a higher
antibacterial potential of this product, given the greater resistance of microorganisms in biofilms
[897. These findings indicate the potential of this product for prevention of caries lesions, which can

be incorporated into different formulations, such as dentifrices or mouthwashes.
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The 0.4% RPE exhibited similar efficacy against . mutans compared to a laboratory-
manufactured propolis mouthwash (10%) tincture, with a dilution of 1:5 with water, even though the
product concentration [417] was higher than the one used in the present study. The vehicle used was
also different [417. In addition, a clinical trial showed that a typified propolis mouthwash (2%) was
more effective in suppressing the levels of salivary . mutans at 14 days and 28 days of use, compared
with chlorhexidine and also reduced the levels of lactobacilli after 28 days treatment [427]. The cited
study showed similar results to those in the present study, because the propolis product was able to
reduce the viability of S. mutans and lactobacilli.

In the present study, two types of strains were used for the formation of biofilm, representing
the species involved in the onset (S. mutans) and progression (L. casei) of caries lesions. The biofilm
was formed during 24 h to mimic the coaggregation of the microorganisms, aiming its application in
the prevention of dental caries. However, it is suggested that new studies should be developed with
multispecies biofilms after a longer maturation time (48 h), in order to better simulate the conditions
that occur in the mouth in the face of critical pH situations and to verify the efficacy of the product in
these circumstances, so that the product can be used as caries therapeutic method.

As limitations of this study, the authors can cite the absence of salivary pellicle and the
membrane disks substrate usage to form biofilm, which may hinter the proper simulation of the
biofilm formed over mineralized tissues and the process of demineralization. However, this may be
considered an initial method to evaluate the antimicrobial efficacy of a product. Further studies
should be performed to confirm the results found in the present study. In addition, different product
concentrations can be tested to find the ideal concentration showing greater benefit (antibacterial

potential) and lower risk (lower cytotoxicity).

Conclusion

Red propolis extract showed antibacterial activity against the tested bacterial strains,
exhibited acceptable cytotoxicity and reduced colonization of S. mutans and L. casei in a membrane
disk biofilm model similar to chlorhexidine. The extract was effective against biofilm even at a low
concentration, which makes it a promising candidate for the development of complementary products

for the control of dental caries without presenting a toxic profile.

Authors’ Contributions: MLM wrote and reviewed the manuscript, contributed to the intellectual
conceptualization of the study and the entire research project, and performed the statistical analysis. ASNM
and JCCFF contributed to the intellectual conceptualization of the study, and performed measurements for the
assessments and outcome assessment analysis. TIV contributed to the intellectual conceptualization of the
study and reviewed the manuscript, and performed measurements for the assessments and outcome assessment
analysis. MBCT and AF contributed to the intellectual conceptualization of the study and reviewed the
manuscript. MTVR performed measurements for the assessments and outcome assessment analysis. LCM,
YWC and AFG reviewed the manuscript, contributed to the intellectual conceptualization of the study and the

entire research project, and outcome assessment analysis.

7




Pesqui. Bras. Odontopediatria Clin. Integr. 2019; 19:e4626

Financial Support: This study was financed in part by the Coordenagido de Aperfeigoamento de Pessoal de
Nivel Superior - Brasil (CAPES) - Finance Code 001.

Conflict of Interest: The authors declare no conflicts of interest.

References

[
2]
[s]
4]
5]

[6]

[7J

[8]

9]

[10]

[11]

[12]

[18]
[14]

[15]

[16]

[17]

(18]

[19]

5

Cury JA, Tenuta LMA. Enamel remineralization: Controlling the caries disease or treating early caries lesions?
Braz Oral Res 2009; 23(1):23-30. https://doi.org/10.1590/S1806-83242009000500005

Marsh PD. Are dental diseases examples of ecological catastrophes? Microbiology 2003; 149(9):279-94.
https://doi.org/10.1099/mic.0.26082-0

Marcotte H, Lavoie MC. Oral microbial ecology and the role of salivary immunoglobulin A. Microbiol Mol Biol
Rev 1998; 62(1):71-109.

Takahashi N, Nyvad B. The role of bacteria in the caries process ecological perspectives. J Dent Res 2011;
90(83):294-303. https://doi.org/10.1177/0022034510379602

Marya CM, Taneja P, Nagpal R, Marya V, Oberoi SS, Arora D. Efficacy of chlorhexidine, xylitol, and chlorhexidine
+ xylitol against dental plaque, gingivitis, and salivary Streptococcus mutans load: A randomised controlled trial.
Oral Health Prev Dent 2017; 15(6):529036.

De Luca MP, Freires IA, Gala-Garcfa A, Vale MP, Alencar SM, Rosalen PL. The anti-caries activity and toxicity of
an experimental propolis-containing varnish. Braz Oral Res 2017; 81:e45. https://doi.org/10.1590/1807-
3107BOR-2017.vol31.004:5

Antonio AG, lorio NL, Pierro VS, Candreva MS, Farah A, dos Santos KR, et al. Inhibitory properties of Coffea
canephora extract against oral bacteria and its effect on demineralisation of deciduous teeth. Arch Oral Biol 2011;
56(6):556-64. https://doi.org/10.1016/j.archoralbio.2010.12.001

Meckelburg N, Pinto KC, Farah A, Torio NLP, Pierro VSS, dos Santos KRN, et al. Antibacterial effect of coffee:
Calcium concentration in a culture containing teeth/biofilm exposed to Coffea Canephora aqueous extract. Lett
Appl Microbiol 20145 59(3):342-7. https://doi.org/10.1111/lam.12281

Cardoso JG, lorio NLP, Rodrigues LF, Couri MLB, Farah A, Maia LC, et al. Influence of a Brazilian wild green
propolis on the enamel mineral loss and Streptococcus mutans’ count in dental biofilm. Arch Oral Biol 2016,
65(5):77-81. https://doi.org/10.1016/j.archoralbio.2016.02.001

Tiveron AP, Rosalen PL, Franchin M, Lacerda RC, Bueno-Silva B, Benso B, et al. Chemical characterization and
antioxidant, antimicrobial, and anti-inflammatory activities of south Brazilian organic propolis. PLoS One 2016;
11(11):e0165588. https://doi.org/10.1871/journal.pone.0165588

Yang Y, Bok-Im P, Eun-Hee H, Yong-Ouk Y. Composition analysis and inhibitory effect of Sterculia lychnophora
against biofilm formation by Streptococcus mutans. Evid Based Complement Alternat Med 2016; Article ID
8163150. https://doi.org/10.1155/2016/8163150

Rufatto LC, dos Santos DA, Marinho I, Henriques JAP, Roesch Ely M, Moura S. Red propolis: Chemical
composition and  pharmacological  activity. Asian Pac J Trop Biomed 2017;  7(7):591-8.
https://doi.org/10.1016/).apjth.2017.06.009

Geidel A, Kriiger M, Schrédl W, Jentsch H. Control of plaque and gingivitis by an herbal toothpaste - A
randomised controlled study. Oral Health Prev Dent 2017; 15(5):407-13. https://doi.org/10.3290/j.0hpd.a38975
Leite KLF, Martins ML, Medeiros MMD, lorio NLP, Fonseca-Gongalves A, Cavalcanti YW, et al. Antibacterial
activity of Melaleuca alternifolia (tea tree essential oil) on bacteria of the dental biofilm. Braz Res Pediatr Dent
Integr Clin 2017; 17(1):e3857. https://doi.org/10.4034/PBOCIL.2017.171.59

Martins ML, Leite KLF, Pacheco-Filho EF, Pereira AFM, Romanos MTV, Maia LC, et al. Efficacy of red propolis
hydro-alcoholic extract in controlling Streptococcus mutans biofilm build-up and dental enamel demineralization.
Arch Oral Biol 2018; 93:56-65. https://doi.org/10.1016/j.archoralbio.2018.05.017

Alencar, SM, Oldoni TLC, Castro ML, Cabral ISR, Costa-Neto CM, Cury JA, et al. Chemical composition and
biological activity of a new type of Brazilian propolis: Red propolis. J Ethnopharmacol 2007; 113(2):278-83.
https://doi.org/10.1016/).jep.2007.06.005

Libério SA, Pereira ALA, Aratjo MJAM, Dutra RP, Nascimento FRF, Monteiro-Neto V, et al. The potential use of
propolis as a cariostatic agent and its actions on mutans group streptococci. J Ethnopharmacol 2009; 125(1):1-9.
https://doi.org/10.1016/].jep.2009.04.047

Bueno-Silva B, Marsola A, Tkegaki M, Alencar SM, Rosalen PL. The effect of seasons on Brazilian red propolis and
its botanical source: Chemical composition and antibacterial activity. Nat Prod Res 2016; 31(11):1318-24.
https://doi.org/10.1080/14786419.2016.1239088

Utispan K, Chitkul B, Monthanapisut P, Meesuk L, Pugdee K, Koontongkaew S. Propolis extracted from the
Stingless Bee Trigona sirindhornae inhibited S. mutans activity in vitro. Oral Health Prev Dent 2017; 15:279-84.
https://doi.org/10.8290/j.0hpd.a38528

® 8

BY




Pesqui. Bras. Odontopediatria Clin. Integr. 2019; 19:e4626

[20]

[21]

[22]
[23]
[24]
[25]

[26]
[27]

[28]

[29]

[30]

[s1]
[s2]

[38]
[34]
[35]

[s6]

[37]
(58]
[0
[40]
[41]

[+2]

Bueno-Silva B, Koo H, Falsetta ML, Alencar SM, Ikegaki M, Rosalen PL. Effect of neovestitol-vestitol containing
Brazilian red propolis on accumulation of biofilm in vitro and development of dental caries in vivo. Biofouling 2013,
29(10):1233-42. https://doi.org/10.1080/08927014.2013.834050

Kouidhi B, Al Qurashi YM, Chaieb K. Drug resistance of bacterial dental biofilm and the potential use of natural
compounds as  alternative for prevention and treatment. Microb Pathog 2015,  80:39-49.
https://doi.org/10.1016/j.micpath.2015.02.007

Shekar, BRC, Nagarajappa R, Suma S, Thakur R. Herbal extracts in oral health care - A review of the current
scenario and its future needs. Pharmacogn Rev 2015; 9(18):87-92. https://doi.org/10.4103/0973-7847.162101
Varoni E, Tarce M, Lodi G, Carrassi A. Chlorhexidine (CHX) in dentistry: State of the art. Minerva Stomatol 2012;
61(9):899-419.

Georgé S, Brat P, Alter P, Amiot MJ. Rapid determination of polyphenols and vitamin C in plant-derived products.
J Agric Food Chem 2005; 53(5):1370-1378. https://doi.org/10.1021/jt048396b

Chlopicka J, Pasko P, Gorinstein S, Jedryas A, Zagrodzki P. Total phenolic and total flavonoid content, antioxidant
activity and sensory evaluation of pseudocereal breads. LWT - Food Sci Technol 2012; 46(2):548-55.
https://doi.org/10.1016/j1wt.2011.11.009

Marques VX, Farah A. Chlorogenic acids and related compounds in medicinal plants and infusions. Food Chem
2009; 118(4):1370-6. https://doi.org/10.1016/j.foodchem.2008.08.086

Lima JP, Farah A, King B, de Paulis T, Martin PR. Distribution of major chlorogenic acids and related compounds
in Brazilian green and toasted Ilex paraguariensis (Maté) leaves. J Agric Food Chem 2016; 64(11):2361-70.
https://doi.org/10.1021/acs.jafc.6b00276

Clinical and Laboratory Standards Institute. Performance Standards for Antimicrobial Susceptibility Testing.
Twenty-Second Informational Supplement. CLSI document M100-S22. Wayne PA in Clinical and Laboratory
Standards Institute, 2012.

da Cunha MG, Franchin M, de Carvalho Galvao LC, de Ruiz AL, de Carvalho JE, Ikegaki M, et al. Antimicrobial
and antiproliferative activities of stingless bee Melipona scutellaris geopropolis. BMC Complement Altern Med
2013; 13:28. https://doi.org/10.1186/1472-6882-13-23

Sarker SD, Nahar L, Kumarasamy Y. Microtitre plate-based antibacterial assay incorporating resazurin as an
indicator of cell growth, and its application in the in vitro antibacterial screening of phytochemicals. Methods 2007;
42(1):321-4. https://doi.org/10.1016/j.ymeth.2007.01.006

Borenfreund E, Puerner JA. Toxicity determined in vitro by morphological alterations and neutral red absorption.
Toxicol Lett 1985; 24(2-3):119-24. https://doi.org/10.1016/0378-4274(85)90046-3

Antonio AG, lorio NLP, Farah A, dos Santos KRN, Maia LC. Effect of Coffea canephora aqueous extract on
microbial counts in ex vivo oral biofilms: A case study. Planta Med 2012; 78:755-60. https://doi.org/10.1055/s-
0031-1298435

Jeon JG, Rosalen PL, Falsetta ML, Koo H. Natural products in caries research: Current (limited) knowledge,
challenges and future perspective. Caries Res 2011; 45(3):248-63. https://doi.org/10.1159/0003827250

Holbrook WP, Magnisdéttir MO. Studies on strains of Streptococcus mutans isolated from caries-active and
caries-free individuals in Iceland. J Oral Microbiol 2012; 4:10611.

Holetz FB, Pessini GL, Sanches NR, Cortez DA, Nakamura CV, Filho BP. Screening of some plants used in the
Brazilian folk medicine for the treatment of infectious diseases. Mem Inst Oswaldo Cruz 2002; 97(7):1027-31.
https://doi.org/10.1590/S0074-02762002000700017

Mendonga LS, Mendonga FR, Aratjo YLFM, Aratjo ED, Ramalho SA, Narain N, et al. Chemical markers and
antifungal activity of red propolis from Sergipe, Brazil. Food Sci Technol 2015; 385(2):291-8.
https://doi.org/10.1590/1678-457X.6554

Larsen T, Fiehn NE. Resistance of Streptococcus sanguis biofilms to antimicrobial agents. APMIS 1996;
104(4):280-4. https://doi.org/10.1111/j.1699-0463.1996.tb00718.x

Parsek MR, Singh PK. Bacterial biofilms: An emerging link to disease pathogenesis. Annu Rev Microbiol 2003;
57:677-701. https://doi.org/10.1146/annurev.micro.57.030502.090720

Marsh ~ PD.  Dental plaque as a  microbial  biofilm.  Caries Res 20045  38(3):204-11.
https://doi.org/10.1159/000077756

Marsh PD, Takahashi N, Nyvad B. Biofilmes no Desenvolvimento da Carie. In: Fejerskov O, Nyvad B, Kidd E.
Cirie Dentéria: Fisiopatologia e Tratamento. 34 ed. Rio de Janeiro: Guanabara Koogan; 2017. [In Portuguese]
Malhotra N, Rao SP, Acharya S, Vasudev B. Comparative in vitro evaluation of efficacy of mouthwashes against
Streptococcus mutans, Lactobacilli and Candida albicans. Oral Health Prev Dent 2011; 9(3):261-8.
https://doi.org/10.8290/j.0hpd.a22334

Anauate Netto C, Marcucci MC, Paulino N, Anido-Anido A, Amore R, Mendonga S, et al. Effects of typified
propolis on mutans streptococci and lactobacilli: A randomized clinical trial. Braz Dent Sci 2013; 16(2):31-6.




