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APRESENTAÇÃO
As Ciências Biológicas, assim como as diversas áreas da Ciência (Naturais, 

Humanas, Sociais e Exatas), passam por constantes transformações, as quais são 
determinantes para o seu avanço científico. Nessa perspectiva, a coleção “A Pesquisa 
em Ciências Biológicas: Desafios Atuais e Perspectivas Futuras”, é uma obra composta 
de dois volumes com uma série de investigações e contribuições nas diversas áreas de 
conhecimento que interagem nas Ciências Biológicas. 

Assim, a coleção é para todos os profissionais pertencentes às Ciências Biológicas 
e suas áreas afins, especialmente, aqueles com atuação no ambiente acadêmico e/ou 
profissional. Cada volume foi organizado de modo a permitir que sua leitura seja conduzida 
de forma simples e com destaque por área da Biologia.

O Volume I “Saúde, Meio Ambiente e Biotecnologia”, reúne 17 capítulos com estudos 
desenvolvidos em diversas instituições de ensino e pesquisa. Os capítulos apresentam 
resultados bem fundamentados de trabalhos experimentais laboratoriais, de campo e de 
revisão de literatura realizados por diversos professores, pesquisadores, graduandos e pós-
graduandos. A produção científica no campo da Saúde, Meio Ambiente e da Biotecnologia 
é ampla, complexa e interdisciplinar.

O Volume II “Biodiversidade, Meio Ambiente e Educação”, apresenta 16 capítulos 
com aplicação de conceitos interdisciplinares nas áreas de meio ambiente, ecologia, 
sustentabilidade, botânica, micologia, zoologia e educação, como levantamentos e 
discussões sobre a importância da biodiversidade e do conhecimento popular sobre as 
espécies. Desta forma, o volume II poderá contribuir na efetivação de trabalhos nestas 
áreas e no desenvolvimento de práticas que podem ser adotadas na esfera educacional e 
não formal de ensino, com ênfase no meio ambiente e manutenção da biodiversidade de 
forma de compreender e refletir sobre problemas ambientais.

Portanto, o resultado dessa experiência, que se traduz nos dois volumes organizados, 
objetiva apresentar ao leitor a diversidade de temáticas inerentes as áreas da Saúde, Meio 
Ambiente, Biodiversidade, Biotecnologia e Educação, como pilares estruturantes das 
Ciências Biológicas. Por fim, desejamos que esta coletânea contribua para o enriquecimento 
da formação universitária e da atuação profissional, com uma visão multidimensional com 
o enriquecimento de novas atitudes e práticas multiprofissionais nas Ciências Biológicas.

Agradecemos aos autores pelas contribuições que tornaram essa edição possível, e 
juntos, convidamos os leitores para desfrutarem as publicações.

Clécio Danilo Dias da Silva
Danyelle Andrade Mota
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ABSTRACT: Denture stomatitis (DS) is 
considered a common alteration in the palatal 
mucosa region in users of tooth-tissue supported 
dentures. Despite the outstanding role of the 
fungal species Candida albicans in this disease, 
its etiology is also associated with bacteria of 
the genus Staphylococcus, Pseudomonas and 
enterobacteria. The classical treatment for it is 
allophatic, however there is an increasing interest 
in the use of natural products, like the case of the 
fruit of the Plinia cauliflora (Brazilian Grape Tree), a 
fruitful species native of Brazil, whose antioxidant 
and antimicrobial properties may characterize it 
as herbal or phytotherapic. The objective of this 
paper was to evaluate the inhibitory effect of the 
jabuticaba skin on the strains of Staphylococcus 
spp., enterobacteria, Pseudomonas aeruginosa 
and Candida albicans. Suspensions of these 
microorganisms have been grown in means of 
culture added with the skin of the Plinia cauliflora 
in concentrations from 0,5 to 50 mg/mL (agar 
dilution method) and incubated at 37°C for 24 
hours. In the case of Staphylococcus spp. and 
Pseudomonas aeruginosa, the results were 
similar, with minimum inhibitory concentration 
(MIC) 50 and 90 of 15 and 20 mg/mL, respectively. 
As for the enterobacteria, the MIC 50 was of 20 
mg/mL and MIC 90 of 30mg/mL. The strains of 
Candida albicans have not been inhibited to the 
maximum concentration tested (50 mg/mL). From 
the applied methodology, it was possible to verify 
that the skin of the Plinia cauliflora was able to 
inhibit enterobacteria, Staphylococcus spp. and 
Pseudomonas aeruginosa, but not Candida 
albicans.
KEYWORDS: Stomatitis; Candida; Phytotherapy.
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INTRODUCTION
The denture stomatitis (DS) is an alteration commonly observed in users of teeth-

tissue supported dentures, being characterized by the presence of punctiform, diffuse and 
granular hyperemia in the palatal mucosa area.1,2  Although Candida albicans plays an 
important role in the development of denture stomatitis3, its association with bacteria that 
also sustain the ability to adhere to the acrylic surface of the denture,5,6 like Staphylococcus, 
enterobacteria and Pseudomonas, besides showing the multifactorial nature4,7 of the 
disease, could make it difficult to treat. 

Classically, the treatment for this disease consists in the use of antifungal agents, in 
the orientation of the patient as for the hygienization of the denture and in the verification 
of the need to change it for a new one.8,9 From the antifungal agents, the ones of topical 
use like nystatin and miconazole are the most common, whereas the ones of systemic use 
like amphotericin B, itraconazole and fluconazole are generally indicated for patients with 
associated systemic disorders.10,11 However, for Gendreau & Loewy2 and Cross et al.12, there 
is no treatmeant that is absolutely effective for denture stomatitis, since after the treatment 
and relief of the symptomatology, the use of antifungal therapy is discontinued, and there is 
reocurrance, mainly with elderly female subjects.

Due to the diversity of microorganisms in the buccal cavity, the difficulty in controlling 
those and the limitations of the antimicrobial agents, associated to the easy access and low 
cost of phytotherapic substances, there has been an increase in the studies of antimicrobial 
agents with natural basis.13-16 Plinia cauliflora (Mart.) Kausel (MYRTACEAE), this Grape tree 
native of Brazil is a fruitful species of high productivity and easiness to plant, whose utilization 
of the fruit (skin, pulp and leaves) have raised an interest in the realization of researches, 
mainly as to the antioxidant and antimicrobial capacity of its parts.17,18 Some studies mention 
the action of the jabuticaba against Candida albicans and C. tropicalis19, Enterococcus 
feacalis, Escherichia coli, Salmonella spp. and Shiguella spp.20, Staphylococcus aureus21 
and Streptococcus spp.15.

Therefore, with the objective of searching for new resources of treatment for DS, 
in this paper, the inhibitory effect of the skin of the fruit Plinia cauliflora (Mart.) Kausel 
(MYRTACEAE) on the Staphylococcus spp., enterobacteria, Pseudomonas aeruginosa and 
Candida albicans was analyzed.

MATERIAL AND METHODS 
Jabuticabas were utilized, of the genus Plinia cauliflora, picked from a private 

property in the city of Taubaté, in the countryside of São Paulo (latitude -23.034578 and 
longitude -45.560821).

After being washed in running water, the fruit had their skin separated from the 
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pulp manually (with gloves) and placed to dry in an incubator at 60°C. Subsequently to 
being completely dried, they have been ground in a sterilized aluminum homogenizer with 
a blender engine (Metallum, Brazil) and passed through a sterilized grain sieve of mash 
80 (Bertel, São Paulo, Brazil). The residue that did not make it through the mash of the 
sieve was ground with a mortar and pestle, sterilized and once more sieved, for maximum 
utilization of the skins.

Means of culture (agar Müller-Hinton, Himedia, Mumbai, India) were prepared, in 
replica, added by the powder of the jabuticaba skins in concentrations of 50, 40, 30, 20, 15, 
10, 5, 4, 3, 2, 1 and 0,5 mg/mL (agar dilution method). 

Subsequently to passing by blood agar, with the intent of recovering its virulence 
factors, each microbe strain (Table 1) was grown in selective means: mannitol salt agar, 
(Himedia) for Staphylococcus, agar MacConkey (Himedia) for Pseudomonas aeruginosa, 
Klebsiella pneumoniae carbapenemase, Klebsiella pneumoniae, Enterobacter aerogenes, 
Enterobacter cloacae, Escherichia coli and agar Sabouraud dextrose (Himedia) for Candida 
albicans.

Microorganisms n Origin

Staphylococcus coagulase negative 23 Buccal cavity of neonates, in previous work (CEP/
UNITAU n 554/10)

Staphylococcus coagulase positive 2 Buccal cavity of neonates, in previous work (CEP/
UNITAU n 554/10)

Candida albicans 25
ATCC 18804; CCUT 91026, 91027, 91029, 91045, 

91046, 91047, 91049, 91050, 91054, 91030, 91031, 
91033, 91036, 91037, 91038, 91039, 91042, 91032, 

91034, 91035, 91040, 91042, 91052, 91053

Pseudomonas aeruginosa 9 ATCC 27853; CCUT 51031, 51033, 51036, 51037, 
51038, 51048, 51050, 51051

Enterobacter aerogenes 2 CCUT 04002, 04005
Enterobacter cloacae 5 CCUT 01073, 01074, 01075, 01076, 01097

Klebsiella pneumoniae 5 ATCC 18833; CCUT 11022, 11023, 11026, 11027

Escherichia coli 6 ATCC 25922; CCUT 71006, 71007, 71008, 71009, 
71010

Klebsiella pneumoniae carbapenemase (KPC) 2 CCUT 27327, 27328

Table 1. Number (n) and the origin of each microbe strain utilized in the sensibility tests, where: CCUT – 
Collection of Cultures of the University of Taubaté and ATCC American Type Culture Collection.

After the incubation at 37°C for 24 hours, for each bacterial strain a sterilized saline 
solution suspension (NaCl 0,9%) was prepared, with turbidity compatible with the pattern 0,5 
of the McFarland scale (approximately 1,5 x 108 cels/mL). For Candida albicans sterilized 
saline solution suspensions were prepared (NaCl 0,9%) containing 106 cels/mL (counting in 
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a Newbauer chamber).
The microbe suspensions were then grown with the help of a Steers Replicator, in 

means with different concentrations of the Plinia cauliflora fruit skin and in the controls (agar 
Müller-Hinton without added jabuticaba skin powder) and incubated for 24 hours at 37°C. 

The results were evaluated observing the presence or absence of growing of each 
microorganism on the surface of the culture mean. The MIC was registered with the smallest 
concentration of the antimicrobial agent that completely inhibited the growth, disposing of 
any unique colony or turbidity caused by the inoculum.

RESULTS
The minimum inhibitory concentration (MIC), the absolute frequency, the cumulative 

frequency and the cumulative percentage of the Plinia cauliflora fruit skin over the strains 
of Staphylococcus spp., Pseudomonas aeruginosa and enterobacteria are presented in the 
tables 2, 3 and 4, respectively.

The necessary concentration to inhibit 50% of the strains of Staphylococcus spp. 
(MIC 50) was 15 mg/mL and the MIC 90 (inhibition of 90% of the strains) was 20 mg/mL.

For the strains of Pseudomonas aeruginosa the MIC 50 was 15 mg/mL and the MIC 
90 was 20 mg/mL.

For the strains of enterobacteria the MIC 50 was 20 mg/mL and the MIC 90 was 
30 mg/mL. Up to the concentration of 50 mg/mL of the jabuticaba powder, no strain of the 
Candida albicans tested has been inhibited.

MIC (mg/mL) AF CF % cp

Until 10 0 0 0

15 33 33 66

20 16 49 98

30 1 50 100

Table 2. Minimum inhibitory concentration (MIC) of the Plinia cauliflora over the strains of 
Staphylococcus spp. Absolute frequency (AF), cumulative frequency (CF) and cumulative percentage 

(%cp).

MIC (mg/mL) AF CF %cp
Unitl 2 0 0 0

3 1 1 11
4 0 1 11
5 0 1 11
10 0 1 11
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15 5 6 67
20 3 9 100

Table 3. The minimum inhibitory concentration (MIC) of the Plinia cauliflora fruit skin over the strains 
of Pseudomonas aeruginosa. Absolute frequency (AF), cumulative frequency (CF) and cumulative 

percentage (%cp).

MIC (mg/mL) AF CF %cp
Unitl 3 0 0 0

4 1 1 5
5 0 1 5
1 0 1 5
15 6 7 35
20 6 13 65
30 7 20 100

Table 4. The minimum inhibitory concentration (MIC) of the Plinia cauliflora fruit skin over the strains of 
enterobacteria. Absolute frequency (AF), cumulative frequency (CF) and cumulative percentage (%cp).

DISCUSSION
The benefits of medicinal plants and phytotherapic medicines are acknowledged all 

over the world as important elements in the prevention, promotion and recovery of health. 
According to the Brazilian Ministry of Health14, the search for phytotherapic medicines has 
grown 161% from 2013 to 2015. The reason for the increasing interest in phytotherapics 
is due to the return to healthy and more natural life habits, to the research in the field of 
medicinal plants with discovery of new active agents, and to the cost, that in most cases is 
lower than conventional medicines.

The denture stomatitis (DS), an inflammatory condition prevalent of the mucous 
tissue in denture users, sustains an intimate relation with the lack of hygiene. The material 
that the denture is made of itself can contribute to the occurrence of DS, due to its roughness 
and hydrophobicity of the surface, that promotes the adhesion of microorganisms and 
the growth of biofilm2. Some studies have chosen the microorganisms Candida albicans, 
Staphylococcus, enterobacteria and Pseudomonas aeruginosa for testing their sensibility, 
based on the importance of the development of DS, its opportunistic character and its 
resistance to antimicrobials4,7,22. According to Pereira et al.7, the microorganisms that are 
most associated with denture stomatitis were Candida albicans, Staphylococcus aureus, 
Staphylococcus epidermidis, Klebsiella pneumoniae, Pseudomonas aeruginosa and P. 
fluorescens. Gendreau & Loewy2 and O’Donnell et al.4 state that patients with DS present 
dentures more colonized by Candida when compared to other healthy individuals, and that 
Candida albicans is the most predominant species. 

In a work carried out by O’Donnell et al.23 with microorganisms that cause pulmonary 
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infections, biofilms removed from teeth-tissue supported dentrues were studied, where 
64,6% of them were colonized by Staphylococcus aureus, Streptococcus pneumoniae, 
Pseudomonas aeruginosa, Haemophilus influenzae B, Streptococcus pyogenes and 
Moraxella catarrhalis. P. aeruginosa was the most abundant species, followed by S. 
pneumoniae e S. aureus. From the participants, 37% sufferend from DS. However, there 
were no significant differences in the prevalence os those pathogens between the dentures 
coming from individuals with a healthy mouth and with DS, showing that the dentures can 
be reservoirs of microorganisms that could potencially cause not only DS, but also systemic 
diseases.

The results of the present work show that, with the exception of the fungus Candida 
albicans, resistant up to the concetration of 50 mg/mL of jabuticaba skin powder, all the 
bacterial strains tested, including Klebsiella pneumoniae, resistant to carbapenemics, have 
been inhibited up to the concentration of 30mg/mL.

Utilizing a different part of the Brazilian Grape Tree than the one used in this paper, 
Souza-Moreira et al.19 obtained great antifungal activity against Candida albicans, with the 
extract of the leave of the jabuticaba. Souza-Moreira et al.17 also observed the inhibitory 
effect of the P. cauliflora leave over non-albicans species like C. parapsilosis, C. krusei and 
C. tropicalis. The antifungal property of the leave was attributed to the capacity of action 
on the ergosterol, substance present in the cytoplasmatic membrane of the fungi. They 
concluded that the subfractions of the extract of the P. cauliflora leave can reach the most 
external layer of the fungi without causing cytotoxicity in the mammal cells. The inneficient 
inhibitory action over those yeasts, in the current study, could be related to the action 
mechanism of the substances, with antimocrobial capacities and not antifungal, present in 
the jabuticaba skin, considering the structural differences between bacteria and fungi.

Although the genus Candida have been extensively studied for its part in the etiology 
of stomatitis, the bacterial involvement in most part remains to be investigated.24 And 
therefore, the results of this work must be further clarified through other researches. The 
objective of this study was to test the possible benefits of the composts present in the 
jabuticaba skin, on the control of opportunistic microorganisms related to DS, since previous 
studies on this part of the jabuticaba, with this objective, haven’t been found. Even though 
the efficacy of the jabuticaba skin powder hasn’t been demonstrated on Candida albicans, 
its action over the bacterial strains tested, that could be resistant to various antimicrobial 
agents and have pathogenic potential, gives way to new studies of this product as a support 
in the treatment of DS as well as in the treatment of infections caused by the bacteria that 
revealed to be sensitive.

There is still the need for further and larger investigation to relate the contents of 
the jabuticaba and its biological activities in order to obtain a better knowledge of its action 
mechanism over specific molecular targets. Therefore, it is suggested that new researches 
associate the extract of the Plinia caulflora leave, which has obtained great antifungal 
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activity agains strains of Candida in the studies of Souza-Moreira et al.17,19, with the fruit 
skin powder, that in the current study presented important antimicrobial capacity.

CONCLUSION
From the applied methodology, it was possible to verify that the Plinia cauliflora 

skin powder was able to inhibit enterobacteria, Staphylococcus spp. and Pseudomonas 
aeruginosa, but not Candida albicans.
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