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Abstract

This study aimed to evaluate in vitro the pharmacological stability of a herbal mouthwash based on Libidibia ferrea
extract after aging, establishing its organoleptic and microbiological characteristics. It is a 7.5% hydroalcoholic
extract from Libidibia ferrea pods, using the reflux decoction technique, and spray dried. The stability, pH,
sedimentation, density, and antimicrobial activity tests of the mouthwash were performed with the solutions stored
after 24 months. Contaminant control was carried out by determining the total number of microorganisms and
researching Salmonella sp., Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus. The
formulation's antimicrobial activity against microorganisms present in the dental biofilm was analyzed: Streptococcus
mutans, Streptococcus salivarius, Lactobacillus casei, and Candida albicans., The data were analyzed using the
Tukey test to assess pH and density, and the other results were described using descriptive statistics., The color
observed in the organoleptic characters, was “Ceramics”, with a fluid/serous consistency, shiny appearance, and a
strong minty, woody odor. In the sedimentation phase, the separation was observed, and the pH and density analyzes
showed a mean value of 5.46 and 1.029 g/cm3, respectively. The contaminant assessment test was negative for all
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microorganisms surveyed, within 24 months. The mouthwash showed bactericidal/fungicidal activity against all the
microorganisms tested at all concentrations for S. mutans and C. albicans. At concentrations 0.5 mg/ml for S.
salivarius and 0.6 mg/ml for L casei. It was concluded that after 24 months, the formulation of the mouthwash based
on L. ferrea, its initial characteristics remained stable except for the homogeneity and pH of the solution.

Keywords: Quality control; Mouthwash; Herbal medicines; Antimicrobial activity.

Resumo

O objetivo deste estudo foi avaliar in vitro a estabilidade farmacoldgica de um enxaguatério bucal fitoterapico a base
do extrato de Libidibia ferrea ap6s envelhecimento, estabelecendo suas caracteristicas organolépticas e
microbioldgicas. Trata-se de um extrato hidroalcéolico a 7,5%, a partir da vagem de Libidibia ferrea, pela técnica de
decoccdo por refluxo, e seco por aspersdo. Os testes de estabilidade, pH, sedimentacdo, densidade e atividade
antimicrobiana do enxaguatdrio foram realizados com as soluc@es armazenadas ap6s 24 meses. Realizou-se o controle
de contaminantes, através da determinacdo do numero total de microrganismos e pesquisa de Salmonella sp.,
Escherichia coli, Pseudomonas aeruginosa e Staphylococcus aureus. Analisou-se a atividade antimicrobiana da
formulacdo frente a microrganismos presentes no biofilme dental: Streptococcus mutans, Streptococcus salivarius,
Lactobacillus casei e Candida albicans determinando-se a concentragéo inibitéria minima. Para avaliacdo do pH e
densidade, os dados foram analisados pelo teste de Tukey e os demais resultados foram descritos pela estatistica
descritiva. Nos caracteres organolépticos, a coloragdo observada foi “Ceramica”, com consisténcia fluida/serosa,
aspecto brilhante e odor forte amadeirado mentolado. Na sedimentagdo observou-se separacdo de fases e as analises
de pH e densidade apresentaram como média o valor de 5,46 e 1,029 g/cm3, respectivamente. O teste de avaliacdo de
contaminantes foi negativo para todos 0s microrganismos pesquisados, em 24 meses. O enxaguatorio apresentou
atividade bactericida/fungicida frente a todos os microrganismos testados em todas as concentragBes para 0S
microrganismos S. mutans e C. albicans e nas concentra¢cfes 0,5 mg/ml para o S.salivarius e 0,6 mg/ml para L. casei.
Concluiu-se que ap6s 24 meses, a formulacdo do enxaguatdrio bucal a base de L. ferrea suas caracteristicas iniciais
mantiveram-se estaveis com exce¢do da homogeneidade e pH da solugéo.

Palavras-chave: Controle de qualidade; Enxaguatério bucal; Medicamentos fitoterapicos; Atividade antimicrobiana.

Resumen

El objetivo de este estudio fue evaluar in vitro la estabilidad farmacolégica de un enjuague bucal herbal a base de
extracto de Libidibia ferrea tras la crianza, estableciendo sus caracteristicas organolépticas y microbioldgicas. Las
pruebas de estabilidad, pH, sedimentacidon, densidad y actividad antimicrobiana del colutorio se realizaron con las
soluciones almacenadas a los 24 meses. El control de contaminantes se llevé a cabo determinando el nimero total de
microorganismos e investigando Salmonella sp., Escherichia coli, Pseudomonas aeruginosa y Staphylococcus aureus.
Se analizo la actividad antimicrobiana de la formulacién frente a los microorganismos presentes en el biofilm dental:
Streptococcus mutans, Streptococcus salivarius, Lactobacillus casei y Candida albicans, determinando la
concentracion minima inhibitoria. Para evaluar el pH y la densidad, los datos se analizaron mediante la prueba de
Tukey y los demas resultados se describieron mediante estadistica descriptiva. En los caracteres organolépticos, el
color observado fue “Ceramico”, de consistencia fluida/serosa, aspecto brillante y fuerte olor a menta amaderada. En
la fase de sedimentacion se observo separacion y los analisis de pH y densidad arrojaron como promedio el valor de
5.46 y 1.029 g/cm3, respectivamente. La prueba de evaluacién de contaminantes fue negativa para todos los
microorganismos estudiados, en 24 meses. El enjuague bucal mostré actividad bactericida / fungicida contra todos los
microorganismos probados en todas las concentraciones para los microorganismos S. mutans y C. albicans y en
concentraciones de 0,5 mg/ml para S. salivarius y 0,6 mg/ml para L. casei. Se concluyé que luego de 24 meses, la
formulacién del enjuague bucal a base de L. ferrea, sus caracteristicas iniciales permanecieron estables, a excepcion
de la homogeneidad y pH de la solucion.

Palabras clave: control de calidad; enjuague bucal; Hierbas medicinales; Actividad antimicrobiana.

1. Introduction

Herbal therapies are used worldwide to treat health conditions. The compounds and extracts of natural products have
been the object of study aimed at obtaining therapeutic agents that enable the prevention and treatment of numerous oral
diseases (Martinez, Gémez & Oh, 2017). Brazil is a country with a rich biological and cultural diversity, the consumption of
products derived from plants is a popular practice and there is a growing interest in these products worldwide (Oliveira et al.,
2020). Among the high biodiversity of medicinal plants used, Libidibia ferrea (L. ferrea), popularly known as juca or pau de
ferro, is widely used in dentistry and folk medicine, due to its therapeutic anti-inflammatory, analgesic and antimicrobial
properties (Conde et al., 2015; Cavalheiro et al., 2009; Pereira et al., 2012; Falcdo et al., 2019).
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To verify the chemical compounds of the hydroalcoholic extract of L. ferrea, phytochemical studies were carried out
and identified the presence of tannins, flavonoids, saponins, steroids and coumarins which have high enzymatic and
antioxidant potential (Pedrosa et al., 2016). (Pedrosa et al., 2016).

Chromatographic and spectrophotometric studies were carried out with the extract of Libidibia ferrea, identifying
phenolic compounds, highlighting their main constituents, the hydrolysable tannins (gallic acid and ellagic acid). Qualitative
and quantitative analyzes demonstrated the separation and identification of these markers as well as the quantification of
phenolic compounds by ultraviolet/visible (Ferreira et al., 2016).

L. ferrea has shown, through the results of studies, great potential, pointing to its use as a mouthwash aiming at the
control of dental biofilm (Marreiro et al., 2014; Souza et al., 2020), a factor related to periodontal infections and dental caries,
which are arguably the most common infectious pathologies in the oral cavity (Ferreira et al., 2013).

According to legal requirements, a herbal product must be known to be safe and effective, making it necessary to
analyze numerous aspects ranging from the origin of the plant’s raw material, formulation stability, and its physical-chemical
parameters (Galvao, 2015).

Considering the therapeutic potential of the vegetable species L. ferrea, this study aimed to evaluate in vitro the

pharmacological stability of a formulation in the form of a herbal mouthwash based on L. ferrea extract after aging.

2. Methodology

This study is a continuation of the survey by Venancio et al. (2015) & Souza et al. (2020) in which they evaluated the
physicochemical properties of the extract and rinse based on Libidibia ferrea (228,022 - INPA) at 0, 30, 60, 90, 120 and 180
days, under three storage conditions. Thus, the formulation analyzed followed the steps described in the articles above, to
obtain the raw material, extract preparation, and formulation.

It is a 7.5% hydroalcoholic extract from L. ferrea pods prepared in the proportion 1:1 (500 mL of distilled water and
500 mL of 96% alcohol) and obtained by the reflux decoction technique, and spray dried (Spray Dryer). From this extract, the
mouthwash was formulated according to the adapted methodology of Zanin et al. (2007). The components were: sodium
benzoate, saccharin, glycerin, L. ferrea extract at 7.5% (w / v), 80% Tween, 20% Tween, 20% Tween, distilled water, mint

essence and 10% sodium hydroxide.

2.1 Formulation characterization

The characterization tests of the mouthwash formulation (pH test, density, sedimentation, organoleptic, and
microbiological control) were performed with the solutions stored after 24 months.

The evaluation of organoleptic characters was based on changes in color, odor, brightness, and consistency. Color and
brightness were analyzed in daylight. Consistency was assessed by touch. The smell of the emulsion was determined first, the
intensity of the odor: none; weak; distinct or strong and then the sensation caused by the fragrance: aromatic; fruity; musty;
rancid or woody according to the collegiate council Resolutions ("Resolucgdo Diretoria Colegiada " - RDC) 211/05 and RDC
45/12.

The pH was measured using the pHmeter (TEC2, TECNAL, Piracicaba, SP, Brazil). The determination of pH was
performed by measuring the potential difference between two electrodes previously calibrated to appropriate standards (pH 7.0
and 4.0), immersed in the solution under examination (Farmacopeia brasileira, 2010).

Sedimentation was based on the rotational speed of test tubes containing the mouthwash, using the centrifuge (5804
R, EPPENDORF, Hamburg, Germany) at 3000 rpm for 5 minutes, at room temperature, for observation with the naked eye, of

a possible separation of the solution phases.
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For density, measurements were used in the dry pycnometer, water pycnometer, and pycnometer with the mouthwash.
The relative density was calculated using the formula: p(sample) = A(water) X A(sampie) + 0,0012.
The tests were done in triplicate, and the averages of the readings were used as a result.

2.2 Microbiological evaluation for contaminant research

For the microbiological control of the mouthwash, specific culture media were used. Soybean casein medium was
used for aerobics and sabouraud agar for fungi and yeasts, to determine the total number of microorganisms. In the study of
Salmonella sp., Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus, the media were bright green agar, mac

conkey, cetrimide and mannitol salt, respectively.

2.3 Total microorganism count

They were prepared in a 1:10 ratio, using 100 pL of the mouthwash and 900 uL of peptonized water (Acumedia®,
United States). Then they were diluted and homogenized in 1:10 proportions; 1: 100 and 1: 1000. After homogenization, the
samples were pipetted and seeded in Petri dishes containing culture media Casein-soy agar for bacteria and Sabouraud dextrose
agar (Difco®, France) for yeast, separately. The plates were incubated at 35°C for 24 and 48 and at 25°C for 5 to 7 days to
search for bacteria and fungi. After this period, if there were suspicious colonies, the number of colony-forming units (CFU /

mL) would be determined.

2.4 Research of Salmonella sp and Escherichia coli
For the research of Salmonella sp and E. coli, the experimental protocol described in Figure 1 was performed.

Figure 1 - Scheme for the search for Escherichia coli and Salmonella sp.
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Bright Green
100 pL of 100 pL of Casein-soy = 10uL Ey\ a:'
mouthwash agar + mouthwash 10 AR
35°C/
—aal 900 uL of 18— 72h
200 uL of Casein- MacConnkey agar
soy agar
—  10) PI
3500/ 43°C/ 10 uL Mac: o:rnke_v
18 - 24h 24 - 48h g

10 ul.

Source: Venancio et al. (2015).

If there were suspicious colonies, they would be seeded in a tube containing triple sugar-iron agar (TSI) and incubated

at 35°C for 24h. After this period, the number of colony-forming units (CFU / mL) would be determined.

2.5 Research of Staphylococcus aureus and Pseudomonas aeruginosa

Aseptically, 100 pL of the L. ferrea mouthwash was transferred to 900 pL of casein soy broth. Then, it was
homogenized and incubated at 35°C for 18-24 h. After this period, a 10 uL aliquot of the subculture was sown, in triplicate, on
Cetrimide agar (Acumedia®, United States) incubated at 35°C for 18-72 h for P. aeruginosa and 10 puL of the subculture was

sown on Agar mannitol salt for S. aureus research.
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2.6 Evaluation of the CIM of I. Ferrea extract and rinse
2.6.1 Testing microorganisms and inoculum preparation

The microorganisms used were: S. mutans (CCT 3440), S. salivarius (NCTC 8618), L.casei (ATCC 335) and C.
albicans (ATCC 11006). The bacterial strains were reactivated in a nutritious BHI (Brain Heart Infusion - DIFCO), incubated
at 37°C for 24 h in aerophilic, for S. salivarius and L. casei, and in microaerophilia for S. mutans. For C. albicans, reactivation
was performed in Sabouraud nutrient broth, incubated (37 °C / 48 h) in aerophilia, and subsequently, the yeast was subcultured

on Sabouraud agar under the same incubation conditions.

2.6.2 Determination of the antimicrobial activity of L. ferrea extract and rinse

The antimicrobial activity of the L. ferrea extract and rinse was determined according to the Minimum Inhibitory
Concentration (MIC) methodology in microdilution proposed by NCCLS (2003), Andrews (2001), adapted by Sampaio et al.,
(2009). The 0.12% chlorhexidine digluconate was used as a positive control.

96-well microplates were used, containing 100uL in each well with different concentrations of the test substances. On
the board, the columns were distributed in the numbers 1 to 12 and the lines in the letters "A" to "H". The dilution system was
controlled by the volume of the test products, occupying wells 1 to 11. In the same wells, a standard amount of inoculum
(20uL) was added, and the final volume was supplemented with the medium. The first column represented the sterility of the
test substance, mouthwash or extract + medium without bacteria. The 12th represented the viability of the bacteria, medium +
inoculum, without test product. Line F represented 0.12% chlorhexidine digluconate. After filling all wells, the microplates
were sealed with parafilm and incubated at 37°C for 24 h, in aerophilia for C. albicans, L. Casei, and S. salivarius and
microaerophilia for S. mutans. After 24h, 30 uL of 0.01% resazurin was added, and the plates were incubated again for 1h. The
absence of color change in the wells was interpreted as a microorganism sensitive to the tested solution.

100 pL of wells containing rinse / juca extract in different concentrations were removed, seeded in Petri dishes with
BHI agar and incubated at 37°C in aerophilia and microaerophilia, according to the tested microorganism, for 24 and 48 h (S.

mutans) to confirm the presence of viable bacteria.

2.7 Statistical Analysis

The results obtained through MIC, evaluation of contaminants, stability, and sedimentation, were tabulated and
described by descriptive statistics. In assessing pH and density, data were presented using tables, calculating the mean and
standard deviation (SD) for quantitative data that showed normal distribution using the Tukey test (Arango, 2001; Vieira,
2004).

3. Results and Discussion

Phytotherapy is characterized by being a natural therapeutic option. Although its use is considered ancient, the use of
medicinal plants to treat oral diseases or to treat systemic diseases with oral manifestations is still little explored (Oliveira et
al., 2007). However, in recent years, research related to natural products has grown significantly in the face of an increase in
the search for newer, more efficient products, with less toxicity, more significant pharmacological activity, and biocompatible,
in addition to more accessible costs for the population (Francisco, 2010; Jain & Jain, 2016).

According to Castilho et al. (2007), employment in Dentistry can be considered a support tool in the therapy of
various oral pathologies, such as in the prevention and treatment of periodontal disease, dental caries, and oral candidiasis. For

the improvement of new products used in Dentistry and to prove their effectiveness, they need to be subjected to several tests,
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trying to visualize their clinical performance when used in the oral cavity, to enable the use of the product in the daily clinic
(Evangelista et al., 2013).

The National Health Surveillance Agency (ANVISA), based on the guidelines of national policies, carried out an
extensive review of the legislation for the sector of medicinal plants and herbal medicines, drafted new standards, which
provide for the minimum quality requirements for drugs, inputs, plant drugs, medicines and products for the health, including
parameters for quality control of medicinal plants and / or their derivatives, such as the verification of the physical, chemical,
biological and microbiological characteristics of a pharmaceutical product in the expected validity, whose final objective is to
obtain products that are within the quality of the standards required (Brasil, 2013).

To evaluate, in vitro, the pharmacological stability of a mouthwash based on L. ferrea in the sampling periods of 0,
30, and 60 days, Venancio et al. (2015) proposed a study. It concluded that the mouthwash showed stability conditions, as well
as the absence of contaminants. In continuity, Souza et al. (2020) analyzed the formulation above to assess pharmacological
stability, in three storage conditions (room temperature, air conditioning, and refrigerator) and in six time intervals (0, 30, 60,
90, 120 and 180 days) presenting favorable conditions of stability and absence of contaminants. Thus, the present study aimed
to evaluate, in vitro, the same formulation analyzed in the study by Venancio et al. (2015) and Souza et al. (2020), verifying if
its characteristics remained stable after 24 months.

Regarding the organoleptic characteristics evaluated in this study, the formulation presented after 24 months of
storage, “ceramic” color (Coral ® color scale), fluid / serous consistency, shiny appearance, and intense woody and minty
odor, with consistent and satisfactory standards according to the parameters described by the Brazilian Pharmacopoeia
(Farmacopeia brasileira, 2010). Corroborating the results of Venancio et al. (2015) in which the mouthwash showed dark
brown color, pleasant odor, and uniform appearance.

According to Isaac et al. (2008), the appearance of a phytocosmetic, about color and homogeneity, is important from a
commercial point of view. These can influence the purchase by the consumer, who might not be attracted by the appearance of
the product. Besides, they stated that changes in odor might be related to microbial contamination, even when there is no visual
change, thus stressing the relevance of developing a protocol for the study of phytochemical physicochemical stability.

Regarding the physical-chemical aspects, the formulation had an average pH of 5.46, and there was phase separation
as for the sedimentation test and density showed an average of 1.029g / cm3,

The initial pH values of the L. ferrea mouthwash obtained in the study by Venancio et al. (2015), presented an
average of 6.20, 6.15, and 5.84, at times 0, 30 and 60 days, respectively. In the present study, after aging, the pH was
approximately 5.27, demonstrating a decline in pH values overtime.

The results obtained by Marreiro et al. (2014a), also showed a decrease in the average pH values of the tested juca
mouthwash during the experiment, with a statistically significant difference in pH, at the level of 5%, between the periods of 0
and 60 days, however, in the periods from 0 to 30 days and 30 to 60 days, this statistical difference was not observed when the
Tukey test was performed, with the pH of the formulation around 5.5. According to Souza et al. (2020), when comparing
subsequent sample periods, there was a statistically significant pH difference in the periods of 60-90 (p <0.001).

In the study by Marreiro et al. (2014a) where the same experiment was also performed using a formulation based on
L. ferrea extract, no phase separation was observed in any three experimental periods (0, 30, and 60 days). According to Isaac
et al. (2008), stability is not ensured by the absence of phase separation. Therefore, the presence of sedimentation of the
solution based on L. ferrea overtime, refers to the need to homogenize the mouthwash before use, through agitation.

Venancio et al. (2015), in the sedimentation test, did not observe phase separation or sediment precipitation from the

L. ferrea mouthwash in any of the three experimental periods when subjected to centrifugation. However, according to Souza
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et al. (2020), this characteristic was not stable after 90, 120, and 180 days under different storage conditions. It corroborates
with the present study, since after 24 months, the formulation presented phase separation.

As for density, in the results by Venancio et al. (2015), it was found that the variation was acceptable in the initial
experimental periods, noticing a statistical difference over time, when the Tukey test was performed, but without interfering in
the final formulation characteristic. The results by Souza et al. (2020) regarding sedimentation found that there was no
statistically significant difference when comparing sample times and storage environments. Corresponding to the results
obtained in the test performed after 24 months, an average of 1.029 g / cm? was gathered, which did not present a statistically
significant difference about the time of 60, 90, 120, and 180 days.

The study by Marreiro et al. (2014a), showed that there was a variation in the density values, decreasing in the
experimental periods, with the statistical difference in the periods from 0 to 60 days and remaining without a statistical
difference in density in the periods referring to 0 and 30 days and 30 to 60 days. It suggests that these variations may have
occurred due to water loss or even the volatility of mouthwash, as Isaac et al. (2008) described.

Ferreira and Souza (2007), confirmed the importance of the stability study by emphasizing that it is indispensable for
the standardization of herbal products, as this shows the time for which the drug retains its integrity and can be affected by
factors such as temperature, pH, luminosity and air, in addition to the fact that instability can modify three main points: quality,
efficiency, and safety.

The objective of microbiological control is to determine the total number of microorganisms in non-sterile cosmetic
and vegetable products, the identification of pathogenic microorganisms can ensure good quality products (Brasil, 2013;
Evangelista et al., 2013). Therefore, according to the results obtained in the present study, the mouthwash of L. ferrea under
conditions in tested culture media. There was no indication of the presence of microorganisms (bacteria, fungi or yeasts)
Salmonella sp., Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus. They were corroborated with
Venéncio et al. (2015) and Souza et al. (2020), since there was no indication of the presence of microorganisms in all intervals
in the studies performed.

Several studies have published data on the antimicrobial activity of several plants against microorganisms present in
the oral cavity, indicating their use as new antibacterial herbal products (Rocha et al., 2013; Jain & Jain, 2016; Conde et al.,
2015; Oliveira et al., 2020). And according to research by Marreiro et al. (2014a), Conde et al. (2015) and Venéncio et al.
(2015), the results showed a positive perspective for the formulation of mouthwash from the extract of L. ferrea, which has
shown promise regarding the production of a new antimicrobial for Dentistry.

The evaluation of the antimicrobial activity of the L. ferrea mouthwash against strains of S. mutans, S. salivarius, L.
Casei, and C. albicans, showed that the mouthwash showed bactericidal / fungicidal antimicrobial activity against all the
microorganisms tested in all concentrations for S. mutans and C. albicans and concentrations 0.5 mg / mL for S. salivarius and
0.6 mg / mL for L. casei. It showed bacteriostatic activity at a level of 0.55 mg / mL against L. casei and 0.4 mg / mL against S.
salivarius. As for the extract of L. ferrea, it also showed bactericidal action in all concentrations against the microorganisms S.
mutans and C. albicans and in concentrations 0.041 mg / mL and 0.048 mg / mL for L. casei and S. Salivarius, respectively.
The L. ferrea extract showed bacteriostatic activity at concentrations of 0.037 mg / mL for L. casei and 0.03 mg / mL for S.
salivarius. Figures 2, 3, 4 and 5 shows the microdilution plating of the extract against S. mutans, C. albicans, L. casei and S.

salivarius.
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Figure 2 - Plating of lines D1 to D12 of the microdilution of Libidibia ferrea extract against Streptococcus mutans.

Source: Authors.

Figura 3 - Plating of lines D1 to D12 of the microdilution of Libidibia ferrea extract against Candida albicans

Source: Authors.

Figure 4 - Plating of lines D1 to D12 of the microdilution of Libidibia ferrea extract against Lactobacillus casei.

Source: Authors.
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Figure 5 - Plating of lines E1 to E12 of the microdilution of Libidibia ferrea extract against Streptococcus salivarius.

Source: Authors.

In the study by Venancio et al. (2015), with the same mouthwash, bactericidal action was observed in concentrations
of 0.55 mg / mL; 0.6 mg / mL and 0.65 mg / mL for S. mutans, S. oralis and S. salivarius and 0.25 mg / mL for L.casei and
C.albicans and bacteriostatic action at a concentration of 0, 3 mg / mL against S. mutans, S. oralis and S. salivarius, proving
that the L. ferrea mouthwash 30 months after its formulation still has antimicrobial activity against bacteria present in the
dental biofilm.

As for the extract of L. ferrea, it also showed bactericidal action in all concentrations against the microorganisms S.
mutans and C. albicans and in concentrations 0.041 mg / mL and 0.048 mg / mL for L. casei and S. Salivarius, respectively.
The L. ferrea extract showed bacteriostatic activity at concentrations of 0.037 mg / mL for L. casei and 0.03 mg / mL for S.
salivarius.

C. albicans and S.mutans were the least resistant microorganisms in the present study since all test substances had
fungicidal / bactericidal action at all concentrations tested.

Marreiro et al. (2014a) evaluated a mouthwash based on L. ferrea, using the same methodology as the present study
and resulted in bactericidal antibacterial activity against the strains of S. mutans, S. oralis, and L. casei, with MIC at
concentrations of 4.375 mg / mL, 3.750 mg / mL and 4.375 mg / mL, respectively, however, compared to S. salivarius neither
the extract nor the mouthwash of juca showed antimicrobial activity, differently from the results found in this research, where
both the extract and the mouthwash of L ferrea showed bactericidal and bacteriostatic activity against this microorganism. In
continuity, Marreiro et al. (2020) analyzed the antibacterial of the extract and the mouthwash of Libidibia ferrea L. against oral
microorganisms, using the same test as the study mentioned above, demonstrating that the 0.6% L. ferrea L. extract presented
antibacterial bactericidal activity against S mutans, S. oralis and L. casei at concentrations of 4,375 ug/ml; 3750 ug/ml; 4.375
pg/ml, respectively.

Conde et al. (2015) evaluated the antimicrobial activity of plants from the Amazon, including L. ferrea, on
microorganisms from the dental biofilm, by determining the MIC by diffusion in solid medium. The juca showed inhibition
halos of 21 to 24 mm at a concentration of 500 mg / mL and halos of 14 to 15 mm at a concentration of 62.5 mg / mL (1: 8) for
the microorganisms tested and the best results were reached against S. mutans, S. sobrinus and L. casei, with 15 mm halos at 1:
8 dilution.

Sampaio et al. (2009) researched the in vitro antibacterial activity of the L. ferrea fruit extract against the same oral
pathogens, using the same methodology as in the present study, concluding that the extract was effective against the

microorganisms tested at concentrations of 25, 40, 66, 100 and 66 pg / mL for C. albicans, S. mutans, S. salivarius, S. oralis,
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and L. casei, respectively. Theses results corroborate the work of Venancio et al. (2015), only concernig to S. mutans and with

the present study, solely for C. albicans.

4. Conclusion

With the growing interest in the confirmation and scientific validation of plants’ effects, much research has been
carried out with a wide variety of plant species. L. ferrea has shown excellent results in research involving the control of
microorganisms related to oral pathologies. Based on the results obtained, it can be concluded that after aging: The L. ferrea
mouthwash presented favorable conditions of stability, with its initial characteristics stable, except for the homogeneity and pH
of the solution, and there was an absence of contaminants in all experimental periods. Both the mouthwash and L. ferrea

extract showed bactericidal and fungicidal antimicrobial activity against microorganisms from the dental biofilm.
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