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Abstract

Obijective: The purpose of the present study was to compare the in vitro antimicrobial activity of the hydroethanolic
extract of Spondias mombin leaf (S. mombin L.) with 0.12% chlorhexidine digluconate solution on Streptococcus
bacterias: S. mutans, S. mitis, S. oralis, S. sanguinis and S. salivarius. Methodology: The Minimum Inhibitory
Concentration (MIC), Minimum Inhibitory Concentration of Adherence (MICA) and Bactericidal Kinetics (BK) tests
were performed. Results: In regards to the Streptococcus mutans, the control group (0.12% chlorhexidine digluconate
solution) was statistically superior (p<0.05) to the extract group up to the concentration of 31.25 mg/ml, with no
statistical difference in the other concentrations. For the Streptococcus oralis, the extract group was statistically superior
(p<0.05) to the control group in its crude form (500mg/ml) and the control group had statistical significance (p <0.05)
over the extract group at the following concentrations: 62.5mg/ml, 31.25mg/ml, 1.95mg/ml and 0.97mg/ml. For the
Streptococcus sanguinis, the extract group was statistically superior (p <0.05) to the control group in the first two
concentrations of 500mg/ml and 250mg/ml, whereas the control group had statistical significance (p<0.05) on the
extract in the last two concentrations: 1.95 mg / ml and 0.97 mg / ml. The control group was statistically superior (p
<0.05) to the extract group in all concentrations for the Streptococcus mitis, except for the concentration of 31.25mg /
ml. For the Streptococcus salivarius, the extract was statistically superior (p<0.05) to the control group in most
concentrations tested, with the exception of 15.65mg/ml and 1.95mg/ml, which did not show statistically significant
differences between the groups. Conclusion: the hydroethanolic extract of Spondias mombin L., in distinct
concentrations, presents similar antimicrobial activity to 0.12% chlorhexidine digluconate against the genus
Streptococcus oral bacteria.
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Resumo

Objetivo: O objetivo do presente estudo foi avaliar in vitro a atividade antimicrobiana do extrato hidroetanélico da folha
de Spondias mombin (S. mombin L.) sobre bactérias do género Streptococcus: S. mutans, S. mitis, S. oralis, S. sanguinis
e S. salivarius, comparando-a a atividade antimicrobiana da solu¢do de digluconato de clorexidina 0,12% sobre essas
mesmas bactérias. Metodologia: Foram realizados os testes in vitro de Determinacdo da Concentracdo Inibitoria
Minima, Determinag&o da Concentracéo Inibitdria Minima de Aderéncia e Andlise da Cinética Bactericida. Resultados:
Para o Streptococcus mutans, o grupo controle foi estatisticamente superior (p<0,05) ao extrato até a concentragdo
31,25mg/ml, ndo ocorrendo diferenca estatistica nas demais concentragdes. Para o Streptococcus oralis, 0 extrato foi
estatisticamente superior (p<0,05) ao grupo controle em sua forma bruta (500mg/ml), o grupo controle teve significancia
estatistica (p<0,05) sobre o extrato apenas nas concentra¢des 62,5mg/ml, 31,25mg/ml, 1,95mg/ml e 0,97mg/ml. Para o
Streptococcus sanguinis, foi constatado que o extrato foi estatisticamente superior (p<0,05) ao grupo controle nas duas
primeiras concentragfes 500mg/ml e 250mg/ml, ao passo que o grupo controle teve significancia estatistica (p<0,05)
sobre o extrato apenas nas duas Ultimas concentragGes: 1,95mg/ml e 0,97mg/ml. O grupo controle foi estatisticamente
superior (p<0,05) ao extrato em todas as concentracdes no Streptococcus mitis, exceto para a concentracdo 31,25mg/ml.
Para a Streptococcus salivarius, o extrato foi estatisticamente superior (p<0,05) ao grupo controle na maioria das
concentragdes testadas, com excecdo apenas para 15,65mg/ml e 1,95mg/ml, que ndo foram observados diferencas
estatisticamente significativas entre o extrato e o grupo controle. Conclusdo: o extrato hidroetandlico de Spondias
mombin L., em diferentes concentracfes, apresenta atividade antimicrobiana semelhante ao digluconato de clorexidina
a 0,12% frente a bactérias bucais do género Streptococcus.

Palavras-chave: Streptococcus; Fitoterapia; Clorexidina; Agente bactericida.

Resumen

Objetivo: El objetivo de este estudio fue evaluar in vitro la actividad antimicrobiana del extracto hidroetanolico de la
hoja de Spondias mombin (S. mombin L.) sobre bacterias del género Streptococcus: S. mutans, S. mitis, S. oralis, S.
sanguinis y S. salivarius, comparandola con la actividad antimicrobiana de la solucién de digluconato de clorhexidina
al 0,12% sobre estas mismas bacterias. Metodologia: Se realizaron pruebas in vitro de Determinacion de Concentracion
Minima Inhibidora, Determinacion de Concentracion Minima Inhibidora de Adhesion y Anélisis de Cinética
Bactericida. Resultados: Para Streptococcus mutans, el grupo control fue estadisticamente superior (p <0.05) al extracto
hasta la concentracion de 31.25 mg / ml, sin diferencia estadistica en las otras concentraciones. Para Streptococcus
oralis, el extracto fue estadisticamente superior (p <0.05) al grupo de control en su forma cruda (500 mg / ml), el grupo
de control tuvo significacion estadistica (p <0.05) sobre el extracto solo en concentraciones 62, 5 mg/ ml, 31,25 mg/
ml, 1,95 mg/ mly 0,97 mg/ ml. Para Streptococcus sanguinis, se encontro que el extracto fue estadisticamente superior
(p <0.05) al grupo control en las dos primeras concentraciones 500 mg / ml'y 250 mg / ml, mientras que el grupo control
tuvo significacion estadistica (p <0.05 ) en el extracto solo en las dos Gltimas concentraciones: 1,95 mg / mly 0,97 mg
/ ml. El grupo de control fue estadisticamente superior (p <0,05) al extracto en todas las concentraciones en
Streptococcus mitis, excepto para la concentracién de 31,25 mg / ml. Para Streptococcus salivarius, el extracto fue
estadisticamente superior (p <0,05) al grupo de control en la mayoria de las concentraciones analizadas, con la excepcion
de solo 15,65 mg / mly 1,95 mg / ml, que no mostraron diferencias estadisticamente significativas entre el extracto y
el grupo de control. Conclusion: el extracto hidroetanélico de Spondias mombin L., en diferentes concentraciones,
presenta actividad antimicrobiana similar al digluconato de clorhexidina al 0.12% contra bacterias orales del género
Streptococcus.

Palabras clave: Streptococcus; Fitoterapia; Clorhexidina; Agente bactericida.

1. Introduction

It is widely recognized that most aerobe and facultative anaerobe microorganisms found in nature, rarely exist in a
planktonic state, and are usually organized in biofilms. Biofilms represent a complex microbial community, consisting of a wide
variety of microorganisms, with different ecological requirements and potential pathogens (Stewart et al., 2001).

The biofilm is formed through a multistage process that begins with microbial adhesion with subsequent production and
accumulation of an extracellular matrix composed by one or more polymeric substances, such as proteins, polysaccharides,
humic substances, extracellular DNA and other cellular communication molecules (Flemming, & Wingender, 2010).

The dental biofilm formation is a continuous and structurally complex process, which involves several distinct stages
of maturity: initial bacterial adhesion to the acquired enamel pellicle or other exposed surfaces; growth of attached bacteria;
aggregation, co-aggregation and microbial succession; and formation of mature biofilm (Stewart et al., 2001).

In order to reduce the microbial pathogenicity in the oral tissues and prevent the development and / or progression of

caries and periodontal diseases, regular and appropriate oral hygiene methods that disrupt and remove the biofilm are required
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(Pan, et al.; March, 2010). The most accepted and recommended method for the biofilm removal is the mechanical control (Van
der Weijden & Hioe ,2005). Nevertheless, whenever limitations are found, such as individual's lack of manual skills or
motivation, chemical agents have been proposed to reduce bacterial adhesion to surfaces, inhibit the growth and proliferation of
microorganisms in the oral environment, modify the biochemistry of these microorganisms and change the biofilm ecology to a
less pathogenic microbiome, at levels compatible with oral health (March, 2010; Torres et al., 2000; Gunsolley, 2010).

Despite the existence of several antimicrobial chemical agents in toothpastes and mouthwashes, an ideal agent capable
of reducing the oral biofilm pathogenicity, promoting clinical benefits, without altering the natural oral microbiota or causing
tissue damage has not yet been developed (Bergenholtz, 2016; Pourhajibagher & Bahador, 2015). Currently, the 0.12%
chlorhexidine digluconate have proven to have a broad spectrum of activity, low toxicity and high substantivity, being the gold
standard for chemical biofilm control (Swango, 2012). However, its prolonged use is not recommended as it alters the natural
microbiota and produces undesirable side effects such as taste alterations, mucosa desquamation and teeth and restorations
staining (Matos, 2015; Hajifattahi, 2016).

Nonetheless, there are many medicinal plants with antimicrobial compounds (Sadaka, 2014) and the biomolecules
isolated from these plants have been suggested as alternative antimicrobial agents to synthetic chemical agents, with little or no
side effects (Palombo, 2011). Hence, in vitro studies on the antimicrobial action of plant extracts obtained from stems, leaves
and / or roots has been developed aiming to discover new preventive and therapeutic options for oral infections and in the daily
outpatient practice (Aleluia, 2015; Chiniforush, 2016). Among these extracts, we highlight the leaf extract of Spondias mombin,
a popular plant in Latin America, which its antimicrobial action was previously confirmed through phytochemical studies
(Asuquo, 2012).

Given the above, the objective of the present study was to evaluate the antimicrobial activity in vitro of the
hydroethanolic extract of the leaf of Spondias mombin (S. mombin L.) on bacteria of the genus Streptococcus: S. mutans, S.
mitis, S. oralis, S. sanguinis and S. salivarius, comparing it to the antimicrobial activity of the 0.12% chlorhexidine digluconate

solution on the same groups of bacteria.

2. Materials and Methods
Obtaining plant material and preparing the hydroethanolic extract

This study is characterized as an “in vitro” laboratory test (Pereira, A.S. et al. 2018) S. mombin leaves were collected
in the city of Natal, Rio Grande do Norte, Brazil; the voucher specimen was deposited in the herbarium of the Federal University
of Rio Grande do Norte (UFRN), with the number of exsiccata 12252; and the crude hydroethanolic extract was prepared at the
Pharmacognosy Laboratory of the Pharmacy Department of the Federal University of Rio Grande do Norte (UFRN).

After collection, the leaves of Spondias mombin were dried in a forced air ventilation oven, at an average temperature
of 40° C. The dried leaves were grounded into powder with a mechanical grinder and subsequently macerated with 800ml of
95% ethanol for 72 hours to obtain the hydroethanolic extract. The hydroethanolic extract was concentrated in a rotary
evaporator, under reduced pressure, at a temperature that did not exceed 45° C, and lyophilized. The extract was also submitted

to phytochemical screening and analysis by CCD, previously described by (Cabral et al., 2016).

Cultivation of microorganisms

The following microorganisms were tested: Streptococcus mitis (ATCC 903), Streptococcus mutans (ATCC 10449),
Streptococcus sanguinis (ATCC 7863), Streptococcus oralis (ATCC 10557) and Streptococcus salivarius (ATCC 7073). These
strains were initially obtained in nutrient broth (BHI - Brain Heart Infusion - DIFCO®, Michigan, United States) and, with the

aid of a disposable loop, the sample were streaked in three directions (horizontal, vertical and diagonal) in Petri dishes containing
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Blood Agar (Columbia Blood Agar Base - DIFCO®, Michigan, United States) that stayed in a greenhouse for 24 hours at 37° C.
Then, the bacterial cultures were removed from these plates, maintained in nutrient broth (BHI - Brain Heart Infusion - DIFCO®
Michigan, United States) and incubated for 18 to 20 hours, at 37° C. The Minimum Inhibitory Concentration (MIC), Minimum

Inhibitory Concentration of Adherence (MICA) and Bactericidal Kinetics (BK) tests were performed.

Determination of Minimum Inhibitory Concentration (MIC)

The MIC of the extract was evaluated in vitro, according to the method of Bauer et al. (1966) (Bauer et al., 1966). The
nutrient broth with each bacterial culture was spread on Petri dishes containing Mueller-Hinton agar, where five equidistant holes
were drilled, measuring approximately 6 mm in diameter in each dish. 70 pL of each test substance (crude extract diluted in
distilled water to 1: 512) were introduced into these holes and the plates were incubated at 37° C for 24 hours under
microaerophilic conditions. Each trial was performed in triplicate. The same procedure was performed with the control substance
- 0.12% chlorhexidine digluconate solution (Periogard®, Colgate-Palmolive Company, New York, USA). At the end of the
incubation period, the diameters of the inhibition halos were measured (in mm) with a caliper (Digimess®, Séo Paulo, Brazil)
and the lower concentration of the extract able to develop inhibition growth was considered as the MIC.

The following interpretation parameters were used, according to the diameter of the inhibition zone, as suggested by
Smania et al. (1999) [22]: inactive (without inhibition zone or inhibition zone less than 9 mm); partially active (inhibition zone
between 9 and 12 mm); active: inhibition zone between 13 and 18 mm) and very active (inhibition zone more than 18 mm). The

results were transferred to a database and analyzed using the Mann-Whitney U test, with a significance level of 5%.

Determination of Minimum Inhibitory Concentration of Adherence (MICA)

The CIMA of the extract was determined in the presence of 5% sucrose, as described by Gerbara, Zardetto and Mayer
(1996) (Gebara et al., 1996), using concentrations corresponding to the crude extract and diluted to 1:512. The bacterial strains
were sub-cultivated in Mueller-Hinton broth (DIFCO) at 37° C. Subsequently, 0.9 mL of the subculture was distributed in
hemolysis tubes where 0.1 ml of the solutions corresponding to the extract (crude and diluted) was further added. The incubation
was performed for 24 hours in microaerophilia, with the tubes inclined at a 30° angle. The reading was performed 24 hours after
the test by visual inspection, after agitation, of the presence or absence of bacteria adhered to the tube walls. Each trial was
carried out in triplicate. The same procedure was performed with the control substance - the 0.12% chlorhexidine digluconate
solution (Periogard®, Colgate-Palmolive Company, New York, USA). MICA was defined as the lowest concentration of the

extract in the presence of sucrose to prevent bacterial adhesion to the glass tube.

Determination of Bactericidal Kinetics (BK)

The bactericidal activity of the extract of S. mombin L. was evaluated by the method of Peyret et al. (1990) (Peyret et
al., 1990). The microbial samples were inoculated in nutrient broth (BHI-DIFCO, Michigan, United States), incubated at 37° C
for 18 to 20 hours and subcultured in Mueller Hinton Broth (DIFCO, Michigan, United States) for 1 hour, obtaining an inoculum
of 106 CFU / mL. 1 mL of the extracts (crude and MIC) was added to the 9 mL of bacterial culture, and 1 mL of 0.12%
chlorhexidine digluconate was added to the control tube. The tubes were kept in the greenhouse at 37° C for 24 hours, and
aliquots were removed after 2, 4, 6 and 24 hours of incubation and placed in plates with Mueller Hinton Agar (DIFCO, Michigan,
United States). Each trial was carried out in duplicate. The reading was performed after incubation for 24 hours at 37° C by the
standard method of counting colony-forming units (CFU), observing the bactericidal potential of the extracts and 0.12%

chlorhexidine digluconate at the determined time intervals.
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Statistical analysis

The results regarding the Minimum Inhibitory Concentration (MIC) were collected, organized and presented in tables,
with the averages of the halos indicating the inhibition of bacterial growth. Subsequently, these values were transferred to a
database and the statistical parameters that included the values of the respective means and standard deviations were calculated.
The confidence level used to obtain the intervals was 95%. At the 5% level of significance, Student's t test was used to compare
the halo inhibition obtained from the Minimum Inhibitory Concentrations (MIC) of the extracts with each other and in relation
to the 0.12% chlorhexidine digluconate, regarding the two microorganisms investigated. The data on the chemical
characterization of the extract, the Minimum Inhibitory Concentration of Adherence (MICA) and Bactericidal Kinetics (BK)

were organized and analyzed in a descriptive manner.

3. Results
Analysis of Minimum Inhibitory Concentration (MIC)

The hydroethanolic extract of S. mombin L. (HE) revealed activity on the tested microorganisms, with halo inhibition
varying up to 27 mm (Table 1).

For the Streptococcus mutans, the control group was statistically superior (p < 0.05) to the extract group up to the
concentration of 31.25mg / ml (1:16 dilution), with no statistical difference between the two substances for the other
concentrations. For the Streptococcus oralis, the extract group was statistically superior to the control group in its crude form of
500mg / ml (dilution 1: 1), while the control group was statistically superior in the concentrations 62.5mg /ml (dilution 1: 8),
31.25mg / ml (dilution 1:16), 1.95mg / ml (dilution 1: 256) and 0.97mg / ml (dilution 1: 512). For the Streptococcus sanguinis,
the extract group was statistically superior in the first two concentrations 500mg / ml (dilution 1: 1) and 250mg / ml (dilution 1:
2), whereas the control group was statistically superior in the last two concentrations: 1.95 mg / ml (dilution 1: 256) and 0.97mg
/ ml (dilution 1: 512). The control group was statistically superior (p <0.05) to the extract group at all concentrations tested on
the microorganism Streptococcus mitis, except for the concentration of 31.25mg / ml (1:16 dilution) in which there was no
statistical difference between the substances. For the Streptococcus salivarius, the extract group was statistically superior to the
control group in most concentrations tested, except 15.65mg / ml (1:32 dilution) and 1.95mg / ml (dilution 1: 256), in which no

statistically significant differences were observed.

Analysis of Minimum Inhibitory Concentration of Adherence (MICA)

The hydroethanolic extract of S. mombin L. showed an anti-adherence effect on all tested bacteria until the last diluted
concentration (0.97mg / ml), except for the Streptococcus mitis, in which the extract inhibited adherence up to the concentration
of 31,25mg / ml. This anti-adherence effect was superior to that found by 0.12% chlorhexidine digluconate for the Streptococcus
mutans, Streptococcus oralis, Streptococcus sanguinis and Streptococcus salivarius. For the Streptococcus mitis, 0.12%

chlorhexidine digluconate exhibited the greatest anti-adherence activity.

Analysis of Bactericidal Kinetics (BK)

The hydroethanolic extract of S. mombin L., in its crude form, exhibited bactericidal effect for 6 hours for the
Streptococcus oralis, Streptococcus mutans and Streptococcus salivarius. For the Streptococcus mitis, there was no microbial
growth in any of the time intervals, while for Streptococcus sanguinis, the crude extract showed bactericidal effect in the first 2
hours of contact.

In the tests performed with the Minimum Inhibitory Concentration (MIC) of the extract, a bactericidal effect was

observed on the Streptococcus sanguinis in the first 2 hours of contact with the bacteria; for the Streptococcus salivarius, a
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bactericidal effect was observed in the first 4 hours of contact; and the greater effect was observed for the Streptococcus oralis,
in which the extract allowed 6 hours of absence of microbial growth. No bacterial growth was observed in any of the time
intervals for the Streptococcus mutans and Streptococcus mitis. The control group showed a bactericidal effect for all investigated

microorganisms, both in their crude concentration and in their MIC, in all investigated time intervals.

4. Discussion

Synthetic antimicrobial agents are widely used in oral health care, however, its excessive use or its use without an
adequate indication, can eventually increase bacterial resistance and cause side effects. In this context, the antimicrobial action
of a great variety of Brazilian plant extracts has been extensively studied. Thus, studies regarding the ethnopharmacological
characterization and the phytochemical of the extracts are necessary to safely denoted them as an antimicrobial agent (Medeiros
etal., 2013).

The present study performed the phytochemical screening of a plant extract commonly found in Latin American
countries, S. mombim L., and compared its antimicrobial activity against five microorganisms of the Streptococcus group present
in the oral cavity (S. mutans, S. oralis, S. sanguinis, S. mitis and S. salivarius) with the antimicrobial activity of 0.12%
chlorhexidine digluconate solution, considered the gold standard in Dentistry.

The streptococcus microorganisms are important components of the dental biofilm since most of these bacteria
contribute to its initial formation and form part of the resident microbiota of the oral cavity (Zheng; Hua; Cheung, 2011). In fact,
studies have shown a correlation between the presence of Streptococcus mutans with carious lesions incidence, which is
explained by their ability to ferment carbohydrates from the individual's diet and develop a cariogenic biofilm on dental surfaces
(Bueno-Silva, et al., 2013).

In the study by Cabral et al (2016), phytochemical prospecting and Thin Layer Chromatography analysis revealed that
the Spondias mombin L. extract has, in its constitution, phenolic compounds, flavonoids, tannins and saponins, and those
constituents exhibited antimicrobial activity, which corroborates what was found in the study by Medeiros et al. (2013).
Therefore, it may be suggested that the effectiveness of the S. mombin L. extract as an antimicrobial agent, could be related to
the presence of these metabolites.

The phenolic compounds of the metabolites present in the extract of Spondias mombin L., also have antibiotic,
antitumor, antioxidant, antiviral and allergenic actions, while flavonoids stand out for their antioxidant action (Thadhani et al.,
2012) and tannins, for its antimicrobial activity (Giilgin et al., 2010) . Saponins, on the other hand, also found in the plant extract
of Spondias mombin L. have anti-inflammatory action (Yao et al., 2014) could justify further investigation on this matter.

In the present study, the inhibitory action of bacterial growth of S. mombin L. extract and 0.12% chlorhexidine
digluconate on Streptococcus bacteria was evaluated by means of MIC, which is considered the most appropriate method for
this purpose ( Natarajan et al., 2005). This test allows the confirmation of the microorganism’s resistance to an antimicrobial
agent, as well as it monitors the activity of new antimicrobial agents, in their initial phases. Through this technique, recent
research has shown that, to potentiate and amplify the antimicrobial effect, the Spondias extract can also be used synergistically
with other antibiotics already established in medicine (Alencar,2015).

The present research revealed that the hydroethanolic extract of S. mombin L. showed inhibition of bacterial growth
activity on the tested microorganisms, with inhibition halo between 9mm and 27mm. The literature shows that an inhibition halo
starting at 9mm already denotes some inhibitory action on microbial growth, being the extract partially effective (Smania et al.,
1999). In our results, the bacterium Streptococcus salivarius was the microorganism most sensitive to the extract, when compared
to the control group, contrary to the results found in the research by Shakerian et al. (Shakerian et al., 2018) who found that the

bacterium Streptococcus salivarius was more sensitive to chlorhexidine digluconate than to the Spondias mombin L. extract
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(Shakerian et al., 2018).

The extract of Spondias mombin L., in its crude concentration, was more active than the control group for the
Streptococcus oralis and sanguinis, which can be justified by the greater availability of the plant found in the crude form. Our
results also considered the control group as the gold standard for Streptococcus mutans and mitis, corroborating with some
studies in the literature (Silva et al., 2015; .Jesus et al., 2010) The use of several other extracts as antimicrobial agents is widely
investigated for the bacterium Streptococcus mutans, strongly associated with the etiology of dental caries.

This research also verified the anti-adherent effect of Spondias mombin L. extract since the adhesion of bacteria to the
acquired enamel film defines an important mechanisms involved in the biofilm formation (Jongsma et al., 2015). Therefore, it is
always advisable to investigate the anti-adherent potential of a plant extract due to its implications in preventing the formation
of dental biofilm and reduce the occurrence of biofilm-dependent oral diseases, such as dental caries and periodontal disease
(Jongsma et al., 2015).

When analyzing the Minimum Inhibitory Concentration of Adherence (MICA) of S. mombin L. extract against
microorganisms of the Streptococcus group, it was observed that the plant extract was superior to 0.12% chlorhexidine
digluconate for the microorganisms Streptococcus mutans, Streptococcus oralis, Streptococcus sanguinis and Streptococcus
salivarius, with the only exception being the Streptococcus mitis. This bacterial resistance to the anti-adherent effect may be
explained by the acidogenic and aciduric properties of the Strepctococcus mitis, and their ability to produce extracellular
polysaccharides, which can make the environment cariogenic (Schlafer et al., 2011).

In general, the results obtained in this research regarding the anti-adherent effect of the plant extract of Spondias
mombin L. on bacteria of the genus Streptococcus suggest that this extract can be used in the chemical control of dental biofilm.
However, studies with microorganisms organized in biofilm are necessary to validate its anti-biofilm effect.

As for the bactericidal effect, the results of this research revealed that the plant extract, in its crude and diluted
concentrations, exhibited bactericidal action in the first two hours of initial contact with the studied microorganisms. This reveals
positive implications of using this extract in clinical situations, as a mouthwash. Additionally, studies involving cell culture have
shown that the extract, even in its crude concentration, did not have a cytotoxic effect on the oral mucosa (Cabral et al.,2016).
However, a more detailed investigation about its relationship with restorative materials and the dental surface is still necessary.

Nonetheless, it is important to note that the control group showed a better result, with no microbial growth in any
proposed time interval. The 0.12% chlorhexidine digluconate, showed a continuous action, for about 12 hours after its use,
corroborating other reports found in the literature (Quintas et al., 2015). The chlorhexidine has not only an immediate bactericidal
action, but also has substantivity, i.e., an intrinsic ability to be retained by oral surfaces, and gradually released into oral fluids
over many hours (Marsh, 2010). Controlled and randomized clinical trials are necessary to better investigate the substantivity of
the Spondias mombin L extract.

The present research showed the potential of using the hydroethanolic extract of Spondias mombin L. when compared
to chlorhexidine, highlighting its effective antimicrobial agents on microorganisms of the dental biofilm. Nevertheless, the study
has limitations such as the exclusive use of commercialized strains (ATCC) and the investigation of these microorganisms only
in the planktonic form. It is recommended, therefore, further studies to assess microorganisms in mixed cultures and organized

in biofilm.

5. Conclusions
The hydroethanolic extract of Spondias mombin L., in distinct concentrations, has antimicrobial activity similar to
0.12% chlorhexidine digluconate against the genus Streptococcus oral bacteria.

The results of this work demonstrate the effectiveness of the herbal medicine Spondia mombin L. in oral bacteria, we
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suggest that controlled randomized clinical studies be carried out in order to demonstrate the results in the oral cavity, due to the

importance of having an oral rinse that does not harm society.
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