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ABSTRACT

Even though Brazil has a large biodiversity of medicinal plants, many of them have not had their chemical
and biological potential acknowledged. Several medicinal plants are rich in secondary metabolites with
broad antibacterial activity, a relevant fact since many pathogenic bacteria are resistant to conventional
antibiotics. Psidium myrtoides, a species of plant in the Myrtaceae family that is known for its sweet
purple fruit, should be highlighted in this field. It is a medicinal plant with strong antibacterial, antifungal,
anti-inflammatory, antioxidant, antitumoral, and herbicidal potential. This study aimed at investigating,
for the first time, the antibacterial activity of hexane extracts from P. myrtoides dry leaves - which
were collected in both dry and rainy seasons - and the dry pericarp of unripe fruit. Their antibacterial
activity was evaluated in vitro by the broth microdilution method on 96-well plates, and their Minimum
Inhibitory Concentration (MIC) values were expressed as pg/mL. The following bacteria were assayed:
Streptococcus mutans, S. sobrinus, S. mitis, S. salivarius, S. sanguinis, Enterococcus faecalis, Lactobacillus
casei, Xanthomonas citri (resistant, tolerant, and sensitive to copper), Mycobacterium tuberculosis, M.
avium, and M. kansasii. The resulting MIC values of all extracts under study were promising since they
ranged from 31.25 to 500 pyg/mL. This study revealed the in vitro potential of P. myrtoides against different
bacterial strains and reinforced the need for further phytochemical investigations that aim at isolating
its bioactive chemical constituents.
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RESUMO

O Brasil apresenta grande biodiversidade de plantas medicinais, muitas delas com seus potenciais
quimicoebiolégicoaindadesconhecidos. Muitas plantas medicinaissdo ricasem metabolitos secundarios
com ampla acdo antibacteriana, fato relevante tendo em vista que muitas bactérias patogénicas sao
resistentes aos antibiéticos convencionais. Nesse cendrio, destaca-se a espécie Psidium myrtoides,
uma Myrtaceae conhecida pelos seus frutos roxos de sabor adocicado. E uma planta medicinal com
fortes potenciais antibacteriano, antifungico, anti-inflamatério, antioxidante, antitumoral e herbicida.
O presente estudo visou investigar pela primeira vez a atividade antibacteriana dos extratos hexanicos
preparados a partir das folhas secas de P. myrtoides coletadas em duas épocas do ano (seca e chuvosa)
e também do extrato hexanico do pericarpo seco dos frutos verdes. A atividade antibacteriana foi
avaliada in vitro pelo método de microdiluicdo em caldo utilizando microplaca de 96 pocos e os valores
de concentracgao inibitéria minima expressos em pg/mL (CIM). Varias bactérias foram testadas, sendo
elas: Streptococcus mutans, S. sobrinus, S. mitis, S. salivarius, S. sanguinis, Enterococcus faecalis, Lactobacillus
casei, Xanthomonas citri (resistente, tolerante e sensivel ao cobre), Mycobacterium tuberculosis, M. avium e
M. kansasii. Os valores de CIM encontrados foram promissores para todos os extratos testados estando
entre 31,25 e 500 pg/mL. O presente estudo revelou o potencial in vitro de P. myrtoides contra diferentes
cepas bacterianas e reforcou a necessidade de futuras investigacdes fitoquimicas visando o isolamento
de seus constituintes quimicos bioativos.

Palavras-chave: Antimicrobianos naturais; Extratos hexanicos; Cerrado brasileiro

1 INTRODUCTION

Ethnomedicine and phytotherapy have been widely practiced all over the world.
Several medicinal plants have been used by different peoples but few have had their
activities scientifically confirmed. However, knowledge and consolidated popular use
have been used as guidelines for chemical and pharmacological research (Oliveira et
al., 2020). Plant species have been employed not only because they are easily accessible
and low-cost but also because people believe that natural products are less harmful to
health than synthetic medication (Oliveira et al., 2020).

One of the medicinal plants native to Brazil is the species Psidium myrtoides
(Myrtaceae), also known as ara¢d and ara¢a-roxo in Brazilian Portuguese. It is mostly
found in the Cerrado, but also in three phytogeographic domains in Brazil: Caatinga,
Cerrado and Mata Atlantica (Dias et al., 2022). This plant should be investigated because

the species exhibits several biological activities (Dias et al., 2022).
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Species that belong to the genus Psidium are known because they are rich in
characteristics of nutritional interest, such as vitamins and antioxidant compounds.
Another relevant issue is the promising antibacterial activity of extracts from plants
that belong to this genus (Cordeiro et al., 2020).

Tooth decay has been defined as a disease which results from ecological or
metabolic changes in the environment of dental biofilm caused by frequent exposure
to fermentable carbohydrates. Thus, there are changes in bacteria that cause tooth
decay, i. e., the ones that were balanced and low-cariogenic become unbalanced and
high-cariogenic (Batista et al., 2020). The following bacteria were investigated by this
study: Streptococcus mutans, S. sobrinus, S. mitis, S. salivarius, S. sanguinis, Enterococcus
faecalis and Lactobacillus casei (Leites et al., 2006). In the search for natural alternatives
against cariogenic bacteria, extracts from plants that grow in the Brazilian Cerrado are
promising anticariogenic agents (Volpato et al., 2022).

Another species under investigation is Xanthomonas citri, a phytopathogenic
bacterium which causes the disease called citrus canker (Ference et al., 2018). Advanced-
stage lesions on leaves, fruit and twigs usually lead to tissue rupture, which enables
microorganisms to enter and trigger the rot process (Ference et al., 2018). Chemistry of
Natural Products has investigated the potential of essential oils and plant extracts to fight
Xanthomonas sp., since they may be safe to health and the environment (Braga et al., 2022).

The third and last class of bacteria investigated by this study belongs to the
genus Mycobacterium. M. avium, M. kansasii and M. tuberculosis are species that cause
respiratory infections, but M. tuberculosis is the only one which is considered a deadly
infectious-contagious bacterium. Besides, M. avium and M. kansasii are classified into
Nontuberculous Mycobacteria (NTB) since their characteristics are different from
the ones exhibited by species that belong to the M. tuberculosis complex (Carneiro et
al., 2018). NTB tend to cause lung disorders when they associate with other factors,

such as chronic obstructive pulmonary disease, previous tuberculosis, cystic fibrosis,
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bronchiectasis, HIV and organ transplants. It has been known that abnormalities in
the lung structure and immunosuppression conditions favor the development of lung
disease by NTB (Carneiro et al., 2018). The most common symptoms caused by the
three species under evaluation are chronic cough, weight loss and fever.

In this scenario, plants have been an important source of natural compounds
that exhibit antimycobacterial activity, a relevant fact since the discovery of new drugs
to treat tuberculosis has been a great challenge (Arruda et al., 2012). Mycobacteria
are slow-growing pathogenic organisms whose lipid-rich cell walls represent actual
protection against aggressive agents; thus, they are considered very resistant strains
(Arruda et al., 2012).

Therefore, this study aimed at evaluating, for the first time, in vitro anticariogenic,
anti-Xanthomonas citri and antimycobacterial of hexane extracts from P. myrtoides O.
Berg dry leaves - collected in both dry and rainy seasons - and dry pericarp of unripe

fruit (Figure 1).

Figure 1- P. myrtoides O. Berg twigs, leaves and unripe fruit

Source: Authors (2024)
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2 MATERIAL AND METHODS

2.1 Plant material

Psidium myrtoides O. Berg (Myrtaceae) leaves and unripe fruit were collected
at the Instituto Federal Goiano - Campus Rio Verde, in Rio Verde (16°06'20"S and
51°17"11"W), Goias (GO), Brazil. Leaves were collected in two different seasons, i. e., the
dry one (average temperature and precipitation were 30.6 °Cand 1.5 mm, respectively,
from June to August 2017) and the rainy one (average temperature and precipitation
were 29.7 °C and 178 mm, respectively, from January to March 2018). Plant material
was collected in tropical climate in a region of the Brazilian Cerrado whose soil is dark
red latosol with clay and sandy-clay textures. The plant was identified by the botanist
Luzia Francisca de Souza and a voucher specimen of P. myrtoides (H)998) was deposited

at the Herbarium Jataiense Professor Germano Guarim Neto.
2.2 Preparation of hexane extracts

Leaves (457 g - rainy season and 400 g - dry season) and pericarp of unripe fruit
(377 g) were dried in an oven at 40 °C and ground in a Wiley mill. Subsequently, they
were exhaustively cold-extracted with hexane for five days. Extracts were then filtered
and concentrated under reduced pressure, resulting in 15-g dry leaf (dry season), 12-g

dry leaf (rainy season) and 8-g dry pericarp hexane extracts.
2.3 Anticariogenic activity

In vitro antibacterial activity of hexane extracts was determined by Minimum
Inhibitory Concentration (MIC) assays which were based on the broth microdilution
method (Lemesetal.,2018). Streptococcus salivarius (ATCC 25975), Streptococcus sobrinus
(ATCC 33478), Streptococcus mutans (ATCC 25175), Streptococcus mitis (ATCC 49456),
Streptococcus sanguinis (ATCC 10556), Lactobacillus casei (ATCC 11578) and Enterococcus

faecalis (ATCC 4032) were the standard strains in the assays. Firstly, bacteria were
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transferred to blood agar (Difco Labs, Detroit, Ml, USA) and individual 24-h colonies
were suspended in 10.0 mL tryptic soy broth (Difco). A spectrophotometer (Femto, Sao
Paulo, SP, Brazil) at wavelength (A) of 625 nm was used for standardizing suspensions
of every microorganism so as to match transmittance of 81, equivalent to 0.5 in the
McFarland scale (1.5 x 108 CFU/mL). Dilution of the standardized suspension generated
final concentration of 5x 10° CFU/mL. Hexane extracts were dissolved in DMSO (Merck,
Darmstadt, Germany) at 16.0 mg/mL. Concentrations ranging from 400 to 0.115 pg/
mL were achieved after dilution of extracts in tryptic soy broth (Difco). After dilution,
DMSO concentrations ranged between 4 % and 0.0039 % (v/v). Negative controls,
three wells inoculated with DMSO at concentrations ranging from 4 % to 1 % and one
non-inoculated well, with no antimicrobial agent, were included. An inoculated well
helped to evaluate whether the broth was adequate for microorganisms to grow. The
positive control was chlorhexidine (CH) at concentrations ranging from 5.9 to0 0.115 pg/
mL, diluted in tryptic soy broth (Difco). Ninety-six-well microplates were sealed with
parafilm and incubated at 37 °C for 24 h. After that, 30 mL of an aqueous solution with
0.02 % resazurin (Sigma-Aldrich, St. Louis, MO, USA) was added to every well to show
microorganism viability (Lemes et al., 2018; Melo et al., 2017). The lowest concentration
of the sample that inhibited microorganism growth (MIC value) was determined as
the lowest concentration of hexane extracts that was able to prevent the resazurin
solution from changing its color (Lemes et al., 2018; Melo et al., 2017). All assays were

conducted in triplicate.
2.4 Anti-Xanthomonas citri activity

The bacterium X. citri subsp. citri (X. citri isolated 12, sensitive to copper; X. citri
isolated 1733, tolerant to copper; and X. citri isolated 1647, resistant to copper) was
grown in Nutrient Agar (NA) or Nutrient Broth (NB) and incubated at 28°C for 72 hours.
All strains were supplied by researcher Dr. Franklin Behlau, Ph. D., at the Fund for

Citrus Protection (FUNDECITRUS) located in Araraquara, SP, Brazil.
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MIC is the lowest concentration of hexane extracts that was able to inhibit
bacterial growth. It was determined by using the broth microdilution method on 96-well
culture plates. The methodology recommended by lantas et al.,, (2021) was followed
with some modifications. Firstly, samples were dissolved in 5% DMSO and then diluted
in NB to reach concentrations ranging from 0.98 to 2.000 pg/mL. Inoculums were
adjusted to produce final cell concentration of 5 x 10> CFU/mL. Streptomycin was used
as positive control at concentrations ranging from 0.0115 to 5.9 pyg/mL. Plates were
incubated in Biochemical Oxygen Demand (BOD) at 28°C for 72 h. After incubation, 30
ML resazurin aqueous solution at 0.02% used as bacterial revelator was added to every
well. Plates were incubated again at 28-C for 12 h. Wells that became pink were those
where bacterial growth took place while those that remained blue showed that there

was inhibition. Three independent experiments were performed in triplicate.
2.5 Antimycobacterial activity

To evaluate the antimycobacterial activity the following American Type Culture
Collection (ATCC) and clinical isolates were used: M. tuberculosis H37Rv (ATCC 27294),
M. kansasii (ATCC 12478) and M. avium (ATCC 25291) and maintained at -80 °C.

Toevaluatetheantimycobacterial activity ofthe samples, the MICwas determined
by microdilution in a microplate. Resazurin was used to reveal bacterial growth by the
Resazurin Microtiter Assay (REMA) method procedure adapted from Palomino et al.
(2002). The experiment was conducted in triplicate. The hexane extracts were dissolved
in DMSO and serially diluted in Middlebrook 7H9 broth (Difco, Sparks, MD, USA) before
inoculation. The concentrations of the tested extracts ranged from 3.90 to 500 pg/mL,
while the final DMSO (Sigma-Aldrich, St. Louis, MO, USA) content in the assay was less
than 0.3%. Isoniazid (Sigma-Aldrich) was used as the reference antibiotic drug, was
used at concentrations ranging from 0.015 to 1.0 pg/mL. The inoculum was prepared
by introducing a range of colonies grown in Ogawa-Kudoh (LaborClin, Pinhais, PR,

Brazil) in a tube containing glass beads with 500 pL of sterile water. A 200-pl aliquot
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was transferred to a tube containing 2 ml of 7H9 broth (Difco), incubated at 37-C for
7 days and compared with McFarland scale 1. After the inoculum was standardized,
it was diluted with 7H9 broth (Difco) at a 1:25 ratio. Growth controls containing no
antibiotic and sterility controls without inoculation were also included. The plates were
incubated at 37-C for 7 days. Subsequently, 30 pL of 0.02% resazurin (Sigma-Aldrich)
aqueous solution was added to each well. After standing for 18 h, the visual MIC was
defined as the lowest samples concentration that was able to inhibit growth of the

Mycobacterium strains.

3 RESULTS AND DISCUSSION

In vitro assays showed that three hexane extracts exhibited strong antibacterial
activity. The one from P. myrtoides leaves collected in the dry season (HE-DS) was very
active against the following cariogenic bacteria: Streptococcus mitis (MIC = 50 pyg/mL), S.
sanguinis (MIC=50 pg/mL), S. salivarius (MIC =50 pg/mL)and S. mutans (MIC =50 pg/mL).
Besides, it was considered active against S. sobrinus (MIC = 125 pg/mL), Lactobacillus
casei (MIC = 400 pg/mL) and Enterococcus faecalis (MIC = 400 pg/mL) (Table 1).

Anticariogenic activity exhibited by hexane extract from P. myrtoides leaves
collected in the rainy season (HE-RS) was similar to the one of HE-DS, except MIC values
of S. salivarius (MIC = 100 pg/mL) and S. mutans (MIC = 100 pg/mL) (Table 1). Hexane
extract from pericarp of unripe fruit (HE-PP) exhibited the highest MIC values: S. mitis
(MIC =400 pg/mL), S. sanguinis (MIC = 200 pg/mL), L. casei (MIC = 200 pg/mL), E. faecalis
(MIC =400 pg/mL), S. salivarius (MIC = 250 pg/mL), S. sobrinus (MIC = 250 pyg/mL) and S.
mutans (MIC = 400 pg/mL) (Table 1).

MIC values of hexane extracts from P. myrtoides are worth mentioning since the
literature has reported the following concentration ranges and their activities: samples
whose MIC values are below 100 pg/mL, between 101 and 500 pg/mL, between 501
and 1500 pg/mL and between 1500 and 2000 pg/mL are considered very active, active,
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moderately active and weakly active, respectively. MIC values above 2000 pg/mL

denote inactive samples (Carvalho et al., 2022).

Table 1 - Anticariogenic activity of hexane extracts from P. myrtoides (MIC = pg/mL)

Bacteria HE-DS HE-RS HE-PP CH
Streptococcus mitis (ATCC
50 50 400 1.47
49456)
S. sanguinis (ATCC 10556) 50 50 200 0.74
S. salivarius (ATCC 25975) 50 100 200 0.74
S. sobrinus (ATCC 33478) 125 125 400 0.18
S. mutans (ATCC 25175) 50 100 250 0.09
E lis (AT
nterococcus faecalis (ATCC 400 400 250 595
4032)
Lactobacillus casei (ATCC 11578) 400 400 400 0.37

HE-DS: hexane extract from leaves (dry season); HE-RS: hexane extract from leaves (rainy season); HE-
PP: hexane extract from pericarp of unripe fruit; CH: chlorhexidine (positive control)

HP-DS and HE-RS were highly active against important bacteria that cause tooth
decay, i. e., Streptococcus mutans, S. salivarius, S. sanguinis and S. mitis. S. mutans is a
major dental pathogen and the main etiological agent of tooth decay. It is capable
of fermenting the largest number of carbohydrates, by comparison with the other
Gram-positive bacteria known so far (Bittencourt et al., 2022). S. mitis, S. salivarius
and S. mutans are considered species that are closely connected to a person’s decay
indices since there is positive association between their levels and high prevalence of
tooth decay (Galrdo et al., 2012). S. sanguinis also causes tooth decay and periodontitis,
diseases that result from dysbiosis of oral microbiomes (Zhu et al., 2018). HE-PP, whose
MIC values ranged from 200 to 400 pg/mL, was active against all cariogenic bacteria
under investigation.

HE-DS, HE-RS and HE-PP were assayed against X. citri in three situations: against

X. citri (resistant to copper), X. citri (tolerant to copper) and X. citri (sensitive to copper).
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Both hexane extracts exhibited promising activities against bacteria. All MIC values

ranged from 31.25 to 100 pg/mL (Table 2).

Table 2 - Anti-Xanthomonas citri activity of hexane extracts from P. myrtoides

Bacteria HE-DS HE-RS HE-PP Streptomycin
X. citri 1647 (resistant to copper) 62.5 62.5 100 0.0461
X. citri 1733 (tolerant to copper) 31.25 31.25 100 0.3688
X. citri 12 (sensitive to copper) 100 100 100 0.0922

HE-DS: hexane extract from leaves (dry season); HE-RS: hexane extract from leaves (rainy season); HE-
PP: hexane extracts from pericarp of unripe fruit; Streptomycin: positive contro

According to Rios & Recio (2005) and Gibbons (2008), crude extracts whose MIC
values were below or equal to 100 pg/mL are considered promising by studies of new
antimicrobial agents. As a result, these parameters were used by this study to determine
whether hexane extracts from P. myrtoides were promising. Therefore, HE-DS, HE-RS
and HE-PP may be considered good sources of active metabolites against X. citri.

X. citri causes the phytosanitary problem called citrus canker (Bansal et al.,
2017). The bacterium invades the vascular tissue of plants, where it multiplies and
propagates. Afterwards, throughout leaf or vascular infection, plant cells adjacent to
bacterium colonies startto degrade. Plantorganelles degenerate, cellwalls fragmentate
and, finally, bacteria invade and multiply withing plant cells. A typical symptom of
contamination is premature fruit and leaf drop (Bansal et al., 2017).

Other bacteria assayed by this study belong to the class of mycobacteria,
i.e., Mycobacterium tuberculosis, M. kansasii and M. avium. HE-DS, HE-RS and HE-PP
exhibited good antimycobacterial potential since MIC values ranged from 125 to 500
pug/mL (Table 3).

To interpret MIC values, the theoretical basis of this study was proposed by
Melo et al. (2017) and Silva et al. (2020) who state that MIC values of 500 pg/mL

and 250 pg/mL are considered moderately active and active, respectively, against
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mycobacteria under evaluation. On the other hand, low MIC values of 125 pg/mL
should be highlighted since the literature reports that MIC < 200 pyg/mL is remarkable
(Cabral et al., 2020). These findings show the high antimycobacterial potential of

hexane extracts from P. myrtoides.

Table 3 - Antimycobacterial activity of hexane extracts from P. myrtoides

Bacteria HE-DS HE-RS HE-PP Isoniazid
M. tub losi
ubercurosts 500 250 500 0.06
(ATCC 27294)
M. kansasii (ATCC
500 250 125 0.25
12478)
M. avi AT
avium (ATCC 125 500 125 1.0

25291)

HE-DP: hexane extracts from leaves (dry season); HE-RP: hexane extracts from leaves (rainy season);
HE-PP: hexane extracts from unripe fruit pericarp; Isoniazid: positive control

Chemical and biological studies of plant extracts have been efficient alternatives
in the discovery of new bioactive compounds. The main factor that triggers the need
to search for new bacterial agents is constant development of bacterial resistance
against conventional antibiotics (Vaou et al., 2021). Therefore, new drugs have been
found as the result of advances in identification of new natural antibiotic sources and
knowledge about chemical diversity of plants in terms of their secondary metabolites
(Vaou et al., 2021). In addition, the following mechanisms of action of secondary
metabolites against different bacteria have been known: inhibition of bacterial protein
biosynthesis, inhibition of DNA synthesis and function and disruption of cell and
structure (Vaou et al., 2021).

In sum, this study contributes to the literature by adding new information on
the chemical and biological potential of hexane extracts from P. myrtoides. So far, P.
myrtoides has been known as the species that produces active essential oils against

different species of fungi, parasites and bacteria, such as Colletotrichum gloeosporioides,
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Candida glabrata, Candida albicans, Streptococcus sanguinis, Staphylococcus aureus,
Leishmania amazonensis and Trypanossoma cruzi (Freitas et al., 2021; Dias et al., 2022;

Dias et al., 2022a).

4 CONCLUSIONS

The antibacterial screening carried out by this study showed the promising
potential of hexane extracts from P. myrtoides leaves - collected in both dry and rainy
seasons - and pericarp of unripe fruit. All three hexane extracts under investigation
proved to be active against several bacterial strains. It should be highlighted that the
main advantage to use plant extracts is that they are sources of new compounds
which pathogens cannot inactivate. Besides, they are less toxic, easily degraded by
the environment, derived from renewable resources and have a broad mechanism of
action. However, further studies are needed to isolate active secondary metabolites

found in the extracts under evaluation and to assay them in vitro and in vivo.

ACKNOWLEDGEMENTS

The authors would like to thank FAPEG, CNPq, IFGOIANO - Campus Rio Verde
and CAPES for the financial support and the agrochemist Alline Laiane Borges Dias, M,

Sc., for collecting and preparing the hexane extract from P. myrtoides in the dry season.

REFERENCES

Arruda, A. L. A,; Souza, D. G.; Vieira, C. J. B; Oliveira, R. F.; Pavan, F. R.; Fujimura, C. Q. L,;
Resende, U. M.; Castilho, R. O. (2012). Analise fitoquimica e atividade antimicrobiana de
extratos metandlicos de Jacaranda cuspidifolia Mart. (Bignoniaceae). Revista Brasileira de
Plantas Medicinais, 14(2), 276-281. Recuperado de DOI: https://doi.org/10.1590/S1516-
05722012000200004.

Bansal, K.; Midha, S.; Kumar, S.; Patil, P. B. (2017). Ecological and evolutionary insights into
Xanthomonas citri pathovar diversity. Applied and Environmental Microbiology, 83(1),
e-02993-16. Recuperado de DOI: https://doi.org/10.1128/AEM.02993-16.

Ci e Nat., Santa Maria, v. 46, e84178, 2024



Miranda, M. L. D., Ribeiro, A. M. R., Fernandes, C. C., Menezes, R. de P., Oliveira,
A. M. de, Gongalves, D. S., & Martins, C. H. G. | 13

Batista, T. R. M.; Vasconcelos, M. G.; Vasconcelos, R. G. (2020). Fisiopatologia da carie dentaria:
entendendo o processo carioso. Salusvita, 39(1), 169-187.

Bittencourt, P. F. S.; Barbosa, C. B.; Damé-Teixeira, N. (2022). Streptococcus mutans e seu
metabolismo a nivel molecular no contexto ecoldgico da doenca carie. Revista da
Faculdade de Odontologia de Porto Alegre, 63(1), 106-120. Recuperado de DOI: https://
doi.org/10.22456/2177-0018.118914.

Braga, R. O.; Martinazzo, A. P.; Teodoro, C. E. S. (2022). Alternative control of phytopathogenic
bacteria with essential oils of Elionurus latiflorus and Cymbopogon flexuosus. Ciéncia e
Natura, 44(1), e25. Recuperado de DOI: https://doi.org/10.5902/2179460X67338.

Cabral, F. D.; Fernandes, C. C.; Ribeiro, A. B.; Squarisi, I. S.; Tavares, D. C.; Candido, A. C. B. B,;
Magalhades, L. G.; Souza, J. M.; Martins, C. H. G.; Miranda, M. L. D. (2020). Bioactivities of
essential oils from different parts of Spiranthera odoratissima (Rutaceae). Rodriguésia,
71(1), e00902019. Recuperado de DOI: https://doi.org/10.1590/2175-7860202071050.

Carneiro, M. S.; Nunes, L. S.; David, S. M. M.; Dias, C. F.; Barth, A. L.; Unis, G. (2018). Doenca
pulmonar por micobactérias ndo tuberculosas em uma regido de alta incidéncia de
tuberculose no Brasil. Jornal Brasileiro de Pneumologia, 44(2), 106-111. Recuperado de
http://dx.doi.org/10.1590/S1806-37562017000000213.

Carvalho, E. S.; Ayres, V. F. S.; Oliveira, M. R.; Corréa, G. M.; Takeara, R.; Guimaraes, A. C,;
Santiago, M. B.; Oliveira, T. A. S.; Martins, C. H. G.; Crotti, A. E. M.; Silva, E. O. (2022).
Anticariogenic activity of three essential oils from Brazilian Piperaceae. Pharmaceuticals,
15(1), 972. Recuperado de DOI: https://doi.org/10.3390/ph15080972.

Cordeiro, C. ). D.; Caldas, F. R. L.; Machado, M. I. R,; Santos, A. J.; Oliveira, T. M. B. F.; Silva, J. H.
(2020). Avaliagao do potencial antioxidante e da atividade antibacteriana do extrato
da polpa de Psidium brownianum Mart. Ex DC. Research, Society and Development, 9(7),
€649974514. Recuperado de DOI: https://doi.org/10.33448/rsd-v9i7.4514.

Dias, R. F. C.; Justino, A. B.; Nascimento, E. A.; Morais, S. A. L.; Oliveira, A.; Cunha, L. C. S,;
Martins, C. H. G.; Costa, M. S.; Silva, C. V,; Freitas, G. R. O.; Lima, C. F.; Rodrigues, T.;
Barbosa, F. H.; Martins, T. M. A,; Vieira, C. U.; Espindola, F. S.; Silva, C. R.; Aquino, F. . T.
(2022). Chemical composition of seasonal essential oils from Psidium myrtoides O. Berg
leaves with antimicrobial, antiprotozoal, antioxidant and anti-inflammatory potential
activities. Revista Virtual de Quimica, 14(2), 103-114. Recuperado de DOI: https://dx.doi.
org/10.21577/1984-6835.202101009.

Dias, A. L. B.; Batista, H. R. F.; Sousa, W. C,; Baildo, E. F. C.; Rocha, J. D.; Sperandio, E. M,;
Fernandes, C. C,; Souchie, E. L.; Miranda, M. L. D.; Psidium myrtoides O. (2022). Berg
fruit and leaves: physicochemical characteristics, antifungal activity and chemical
composition of their essential oils in different seasons. Natural Product Research, 36(4),
1043-1047. Recuperado de DOI: https://doi.org/10.1080/14786419.2020.1844689.

Ci e Nat., Santa Maria, v. 46, e84178, 2024



Miranda, M. L. D., Ribeiro, A. M. R., Fernandes, C. C., Menezes, R. de P., Oliveira,
A. M. de, Gongalves, D. S., & Martins, C. H. G. | 14

Ference, C. M.; Gochez, A. M.; Behlau, F.; Wang, N.; Graham, J. H.; Jones, J. B. (2018). Recent
advances in the understanding of Xanthomonas citri ssp. Citri pathogenesis and citrus
canker disease management. Molecular Plant Pathology, 19(6), 1302-1318. Recuperado
de DOI: https://doi.org/10.1111%2Fmpp.12638.

Freitas, T. S. M.; Garcia, V. A. S,; Filgueiras, C. T.; Velasco, J. I.; Fakhouri, F. M. (2021). Production
of edible films based on pea starch with incorporation of active compounds obtained
from the purple araca (Psidium myrtoides). Polymers, 13(1), 3134. Recuperado de DOI:
https://doi.org/10.3390/polym13183134.

Galrdo, J.; Proenca, L.; Barroso, H. (2012). Prevaléncia da carie dentaria e presenca de
bactérias cariogénicas no dorso lingual - estudo seccional cruzado. Revista Portuguesa
de Estomatologia, Medicina Dentdria e Cirurgia Maxilofacial, 53(1), 11-16. Recuperado de
DOI:  https://www.elsevier.es/en-revista-revista-portuguesa-estomatologia-medicina-
dentaria-330-articulo-prevalencia-da-carie-dentaria-e-S1646289011000525.

Gibbons, S. (2008). Phytochemicals for bacterial resistance - strengths, weaknesses and
opportunities. Planta Medica, 74(1), 594-602. Recuperado de DOI: https://doi.
org/10.1055/s-2008-1074518.

lantas, J.; Savi, D. C.; Schibelbein, R. S.; Noriler, S. A.; Assad, B. M.; Dilarri, G.; Ferreira, H.; Rohr, |.;
Thorson, J. S.; Shaaban, K. A.; Glienke, C. (2021). Endophytes of Brazilian medicinal plants
with activity against phytopathogens. Frontiers in Microbiology, 12(1), 714750. Recuperado
de DOI: https://doi.org/10.3389/fmicb.2021.714750.

Leites, A. C. B. R,; Pinto, M. B.; Sousa, E. R. (2006). Aspectos microbiologicos da carie dental.
Salusvita, 25(2), 239-252.

Lemes, R. S.; Alves, C. C. F.; Estevam, E. B. B.; Santiago, M. B.; Martins, C. H. G.; Santos, T.
C. L. Crotti, A. E. M.; Miranda, M. L. D. (2018). Chemical composition and antibacterial
activity of essential oils from Citrus aurantifolia leaves and fruit peel against pathogenic
bacteria. Anais da Academia Brasileira de Ciéncias, 90(2), 1285-1292. Recuperado de DOI:
https://doi.org/10.1590/0001-3765201820170847

Melo, D. C.; Miranda, M. L. D.; Junior, W. G. F.; Andrade, P. M.; Alcoba, A. E. T.; Silva, T. S,;
Cazal, C. M.; Martins, C. H. G. (2017). Anticariogenic and antimycobacterial activities
of the essential oil of Siparuna guianensis Aublet (Siparunaceae). Orbital: The Electronic
Journal of Chemistry, 9(1), 55-60. Recuperado de DOI: http://dx.doi.org/10.17807/orbital.
v9i1.930.

Oliveira, M. C. B.; Cruz, C. K. S.; Rocha, G. M. M.; Brito, M. G. A.; Oliveira, G. A. L. (2020). Toxicidade
e atividade antibacteriana de plantas medicinais utilizadas no tratamento de doencas
respiratorias: revisao integrativa. Research, Society and Development, 9(9), e244997169.
Recuperado de DOI: https://doi.org/10.33448/rsd-v9i9.7169.

Palomino, J. C.; Martin, A.; Camacho, M.; Guerra, H.; Swings, J.; Portaels, F. (2002). Resazurin
microtiter assay plate: Simple and inexpensive method for detection of drug resistance
in Mycobacterium tuberculosis. Antimicrobial Agents Chemotherapy, 46, 2720 - 2722.
Recuperado de DOI: https://doi.org/10.1128%2FAAC.46.8.2720-2722.2002.

Ci e Nat., Santa Maria, v. 46, e84178, 2024



Miranda, M. L. D., Ribeiro, A. M. R., Fernandes, C. C., Menezes, R. de P., Oliveira,
A. M. de, Gongalves, D. S., & Martins, C. H. G. | 15

Rios, J. L., Recio, M. C. (2005). Medicinal plants and antimicrobial activity. Journal of
Ethnopharmacology, 100(1), 80-84. Recuperado de DOI: https://doi.org/10.1016/j.
jep.2005.04.025.

Silva, F. F. A.; Fernandes, C. C.; Santiago, M. B.; Martins, C. H. G.; Vieira, T. M.; Crotti, A. E.
M.; Miranda, M. L. D. (2020). Chemical composition and in vitro antibacterial activity
of essential oils from Murraya paniculata (L.) Jack (Rutaceae) ripe and unripe fruits
against bacterial genera Mycobacterium and Streptococcus. Brazilian Journal of
Pharmaceutical Sciences, 56(1), e18371. Recuperado de DOI: https://doi.org/10.1590/
$2175-97902019000418371.

Vaou, N.; Stavropoulou, E.; Voidarou, C.; Tsigalou, C.; Bezirtzoglou, E. (2021). Towards advances
in medicinal plant antimicrobial activity: a review study on challenges and future
perspectives. Microorganisms, 9(1), 2041. Recuperado de DOI: https://doi.org/10.3390/
microorganisms9102041.

Volpato, L. E. R,; Trigueiro, P. G. C.; Aranha, A. M. F,; Violante, I. M. P.; Silva, R. A,; Oliveira, R. C.
(2022). Antimicrobial potential of plant extracts from the Brazilian Cerrado. Brazilian
Dental Journal, 33(1), 96-104. Recuperado de DOI: https://doi.org/10.1590/0103-
6440202204705.

Zhu, B.; Macleod, L. C.; Kitten, T.; Xu, P. (2018). Streptococcus sanguinis biofilm formation and
interaction with oral pathogens. Future Microbiology, 13(8), 915-932. Recuperado de
DOI: https://doi.org/10.2217/fmb-2018-0043

Authorship contributions

1 - Anderson Martins Rodrigues Ribeiro

Mestrado em Agroquimica pelo IFGoiano - Campus Rio Verde
https://orcid.org/0009-0001-3509-2991 « andersontungstenio@gmail.com
Contribution: Visualization

2 - Cassia Cristina Fernandes

Doutorado em Quimica pela Universidade Federal Rural do Rio de Janeiro
https://orcid.org/0000-0003-2004-3166 « cassiacefetrv@gmail.com
Contribution: Funding acquisition and Supervision

3 - Ralciane de Paula Menezes

Doutorado em Ciéncias da Saude pela Universidade Federal de Uberlandia
https://orcid.org/0000-0001-8499-9090 * ralciane@ufu.brm
Contribution: Investigation, Metodology.

Ci e Nat., Santa Maria, v. 46, e84178, 2024



Miranda, M. L. D., Ribeiro, A. M. R., Fernandes, C. C., Menezes, R. de P., Oliveira,
A. M. de, Gongalves, D. S., & Martins, C. H. G. | 16

4 - Andreia Marques de Oliveira

Graduanda em Biomedicina pela Universidade Federal de Uberlandia.
https://orcid.org/0009-0000-3911-6519 * andreia.de@ufu.br
Contribution: Investigation, Metodology

5 - Daniela Silva Gonc¢alves

Graduanda em Biomedicina pela Universidade Federal de Uberlandia (UFU)
https://orcid.org/0000-0002-1120-0644 + dani_sg_1999@outlook.com
Contribution: Conceptualization, Investigation, Methodology

6 - Carlos Henrique Gomes Martins

Doutorado em Biociéncias pela Universidade Estadual Paulista Julio de Mesquita Filho, UNESP.
https://orcid.org/0000-0001-8634-6878 « carlos.martins2@ufu.br
Contribution: Conceptualization, Investigation, Methodology

7 - Mayker Lazaro Dantas Miranda

Doutorado em Quimica pela Universidade Federal do Mato Grosso do Sul
https://orcid.org/0000-0003-4689-572X « maykermiranda@iftm.edu.br
Contribution: Writing - original draft and Writing - review & editing

How to quote this article

Ribeiro, A. M. R., Fernandes, C. C., Menezes, R. de P., Oliveira, A. M. de, Gongalves, D.S., Martins,
C. H. G. & Miranda, M. L. D. (2024). Antibacterial screening of hexane extracts from
Psidium myrtoides, a Brazilian native plant. Ciéncia e Natura, 46, e84178. https://doi.
org/10.5902/2179460X84178

Ci e Nat., Santa Maria, v. 46, e84178, 2024



