
ABSTRACT

Objective
This study determined the Minimum Inhibitory Concentration and the Minimum Inhibitory Concentration of Adherence of hydroalcoholic 
extracts of the leaves of strawberry guava (Psidium guineense Sw.) and of the jambolan (Syzygium cumini (L.) Skeels) against Streptococcus 
mutans (ATCC 25175), Streptococcus oralis (ATCC 10557), Streptococcus parasanguis (ATCC 903), Streptococcus salivarius (ATCC 7073), 
Streptococcus sp (ATCC 15300), and Lactobacillus casei (ATCC 9595). 

Methods
Strains were seeded on blood agar plates to determine the Minimum Inhibitory Concentration by the agar-diffusion technique. The inclined 
tubes technique was used for Minimum Inhibitory Concentration of Adherence evaluation in the presence of 5% of sucrose, in Mueller-Hinton 
broth. The same procedures were accomplished with the 0.12% chlorhexidine digluconate (positive control). Assays were performed in 
duplicate. The plates and the tubes were maintained in microaerophillia at 37ºC for 24 hours. 

Results
The Minimum Inhibitory Concentration obtained for strawberry guava extract ranged from 275 to 1100 mg.ml-1. Jambolan values ​​were 242.5 
to 485 mg.mL-1; and 0.12% chlorhexidine digluconate were 75x10-3 to 9x10-3 mg.ml-1. The Minimum Inhibitory Concentration of Adherence 
reported the following values​​: strawberry guava (1.81 to 28.94 mg.ml-1); jambolan (1.60 to 12.76 mg.ml-1) and 0.12% chlorhexidine 
didigluconate  (4.93 x10-4 to 19.70 x10-4 mg.ml-1). 

Conclusion
It was concluded that the hydroalcoholic extracts from the leaves of P. guineense Sw. and S. cumini (L.) Skeels presented antimicrobial and 
nonstick effect on the tested lineages; further studies are needed to confirm these extracts to be natural antibacterial agents for use in 
controlling dental caries.

Indexing terms: Anti-bacterial agents. Biofilms. Phytotherapy. Psidium. Syzygium jambolanum.

RESUMO

Objetivo
Determinar a Concentração Inibitória Mínima e a Concentração Inibitória Mínima de Aderência dos extratos hidroalcoólicos das folhas do araçá 
(Psidium guineense Sw.) e do jambolão (Syzygium cumini (L.) Skeels) frente à Streptococcus mutans (ATCC 25175), Streptococcus oralis (ATCC 10557), 
Streptococcus parasanguis (ATCC 903), Streptococcus salivarius (ATCC 7073), Streptococcus sp (ATCC 15300) e Lactobacillus casei (ATCC 9595). 

Métodos
As cepas foram semeadas em placas de ágar sangue para determinação da CIM pela técnica de ágar-difusão. Utilizou-se a técnica dos tubos 
inclinados para avaliação da Concentração Inibitória Mínima de Aderência ao vidro, na presença de 5% de sacarose, em caldo Mueller-Hinton. Os 
mesmos procedimentos foram realizados com o digluconato de clorexidina à 0,12% (controle positivo). Os ensaios foram realizados em duplicata. 
As placas e os tubos foram mantidos em microaerofilia a 37ºC por 24 horas. Os dados foram analisados descritivamente. 

Resultados
As Concentrações Inibitórias Mínimas obtidas para o extrato do araçá variaram de 275 a 1100 mg.ml-1. Para o extrato do jambolão apresentaram 
valores de 242,5 a 485 mg.ml-1.  E quanto ao digluconato de clorexidina à 0,12% foram de 9x10-3 a 75x10-3 mg.ml-1. Quanto às Concentrações 
Inibitórias Mínimas de Aderência, registrou-se os seguintes valores: araçá (1,81 a 28,94 mg.ml-1); jambolão (1,60 a 12,76 mg.ml-1) e digluconato 
de clorexidina à 0,12% (4,93x10-4 a 19,70x10-4 mg.ml-1). 

Conclusão
Conclui-se que os extratos hidroalcoólicos das folhas de P. guineense Sw. e S. cumini (L.) Skeels apresentaram efeito antimicrobiano e antiaderente 
sobre as linhagens testadas, sendo necessários estudos complementares que confirmem ser estes extratos alternativas de antibacterianos naturais 
no controle da cárie dentária. 

Termos de indexação: Antibacterianos. Biofilmes. Fitoterapia. Psidium. Syzygium jambolan. 
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The compounds with known antibacterial 
activity and present in P. guineense Swartz are flavonoids 
(phenolic compounds such as avicularin, guaijaverin, 
tannins and quercetin). Tannins are very reactive 
chemically and form intra- and inter-molecular hydrogen 
bonds, are easily oxidized both through specific plant 
enzymes and under the influence of metals. Both their 
ecological properties for insect, fungal, and bacterial 
control and their pharmacological activities are based 
on their ability to form complexes with macromolecules 
such as proteins10.

The astringency of the jambolan pulp is due to 
the presence of tannins, high molecular weight phenolic 
compounds, which are also present in fruit such as cashew 
(Anacardium spp.) and green banana (Musa sp.). As the 
fruit ripens, there is commonly a reduction in astringency, 
and this is attributed to the loss of tannin solubility.  
However, in small proportions or in combination with 
other food components, the astringency may contribute 
to a desirable flavor, such as wines made from pigmented 
grape cultivars. When ingested in large amounts, tannins 
may precipitate proteins, inhibit digestive enzymes and 
affect the absorption of vitamins and minerals; thus, 
they may also be considered nutritionally undesirable. 
However, at present, the negative results involving this 
class of phenolic compounds in the diet have been 
reviewed11.

The plants with therapeutic properties used in 
traditional health care are an important source of new 
biologically active compounds12. The interest in medicinal 
plants is now directed to the production of therapeutic 
formulae with low toxicity and cost. This is significantly 
important for countries with poor financial resources, but 
rich in biodiversity13. 

In view of the above considerations, it is 
believed that it may be possible to use hydroalcoholic 
extracts of strawberry guava and jambolan as auxiliaries 
in the treatment and control of dental caries, since the 
phytotherapeutic compounds have shown satisfactory 
results, in addition to being low cost, which would make 
it possible for them to be used by population groups with 
limited access to health care.

Following this reasoning, the present study 
assessed the antimicrobial activity and non-stick effect of 
the hydroalcoholic extract of the leaves of P. guineense 
Sw. (strawberry guava) and S. cumini (L.) Skeels (jambolan) 
against bacteria present in the dental biofilm.

INTRODUCTION

Dental caries is an infectious disease that is 
disseminated all around the world, and according to the 
SB Brazil Project 2002/20031, it is one of the most frequent 
oral disorders with a prevalence of 40.62% at the age of 
twelve.

Dental biofilm is the main etiological factor 
of caries and it is characterized as a community of 
microorganisms that adheres to the tooth surface, with 
S. mitis and S. sanguis being the pioneer bacteria. The 
presence of S. mutans and S. Sobrinus is most prevalent 
in the initial stages of caries. The L. casei is found during 
the development of cavities2. S. oralis and S. salivarius 
are also present in the biofilm.   To explain multifactorial 
nature of caries, not only the biological factors should 
be included (biofilm, saliva and diet), but the modulating 
factors (income, education, behavioral factors, among 
others), which indirectly influence, to a greater or lesser 
extent, the probability of an individual developing this 
disease, must also be taken into consideration. However, 
the associations found between life and health conditions 
play an important role in the health-disease process and in 
places with a low social, cultural and economic level, this 
pathology is frequently more prevalent and severe3.  

Diseases, among them caries, are related to the 
lack of basic sanitation in developing countries, in addition 
to malnutrition and the difficulty of access to medication. 
Within this context, phytotherapy is widely practiced, 
and the popular use of traditionally established medicinal 
plants has been taken as a guide for different studies4. In a 
study conducted in the city of Cedro (Ceara, Brazil), it was 
observed that 82.5% of the population used phytotherapy 
and 49.5% used it to treat oral diseases5. 

Several medicinal plants have been used for 
prophylactic and curative purposes and those described in 
the present study are among them. Several studies have been 
conducted to find new plants with anti-microbial activity6.

Psidium species belongs to the Myrtaceae family 
and it is native to tropical America. Traditionally, plants of 
the Psidium spp. Species are used to treat scurvy in Asia 
and Africa; cough and lung dysfunctions in Bolivia and 
Egypt; as an anti-inflammatory and hemostatic agent in 
China, and as an anti-diarrhea compound in Mexico7,8. 
However, the antibacterial activity against oral pathogens 
has not yet been studied.
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METHODS

Obtaining vegetal material and taxonomic identification 
The raw material (healthy leaves) of P. guineense 

Sw. and S. cumini (L.) Skeels were obtained at campus I 
of the Federal University of Paraiba (UFPB) in January 
and February of 2010 and botanically identified and 
registered by the herbalist Professor Lauro Pires Xavier 
(JPB), Custodian of National Genetic Heritage. (Psidium 
guineense Sw.: Material examined: Brazil, Paraíba: João 
Pessoa, Campus I of UFPB), 7°06’54’’ S, 34°51’47’’ W, Alt: 
47m, May 14, 2010, fl., T.I. Vieira 01 (Voucher Number JPB 
44354); Syzygium cumini (L.) Skeels: Material examined: 
Brazil, (xxx), 7°06’54’’ S, 34°51’47’’ W, Alt: 47m, May 14, 
2010, fr., T.I. Vieira 02 (Voucher Number JPB 44355). 

Preparation of phytotherapic extracts 
The hydroalcoholic extraction was performed 

from the previously selected (775g of each plant material) 
and botanically identified strawberry guava and jambolan 
leaves (70% ethanol and distilled water in the ratio 7:3) 
for a period of 7 consecutive days. After this extraction 
time interval (by the maceration method), the product 
was denominated raw extract. The extract obtained 
was concentrated at a temperature of 55 to 60°C in an 
oven (Fabbe Primar Industrial Ltda, Sao Paulo, Brazil) for 
complete removal of water for 48 hours. The material 
obtained after concentration was in the form of a paste 
with concentrations of 1.1 g ml-1 and 0.97 g ml-1 of 
strawberry guava and jambolan, respectively. 

Determining the minimum inhibitory concentration
The hydroalcoholic extracts of P. guineense Sw and 

S. cumini (L.) Skeels and 0.12% chlorhexidine digluconate 
solution (Periogard®, Colgate, São Paulo, Brazil) diluted in 
sterile distilled water were tested at concentrations between 
1100 to 0.27 mg ml-1, 970 to 0.47 mg ml-1 and 1.2 to 
0.0006 mg ml-1, respectively. Standard strains of S. mutans 
(ATCC 25175), S. oralis (ATCC 10557), S. parasanguis (ATCC 
903), S. salivarius (ATCC 7073), S. sp (ATCC 15300) and L. 
casei (ATCC 9595) were used from the National Institute of 
Quality Control in Health, Oswaldo Cruz Foundation. The 
strains were reactivated in BHI broth (DIFCO®, São Paulo, 
Brazil) in a bacteriological oven (Quimis Aparelhos Científicos 
Ltda., São Paulo, Brazil) in microaerophilia.

Once the bacteria were reactivated, the minimum 
inhibitory concentration in blood agar was determined by 
the agar diffusion technique and the inoculum (106 CFU / 
ml) was seeded on Petri dishes (90mm/15mm, Alfa-lab®, 
Sao Paulo, Brazil) containing 20 ml of solid medium (BHI 

agar plus 5% defibrinated sheep blood) with the aid of 
swabs with subsequent well drilling of approximately 6 
mm in the solid medium to place 50μL of the dilutions. 
Next, the plates were incubated in microaerophilia at 37ºC 
for 24 hours. All the tests were performed in duplicate. 
The minimum inhibitory concentration was defined as the 
lowest concentration of the extract capable of producing 
an inhibition zone of bacterial growth. 

Determining the minimum inhibitory concentration 
of adherence

The minimum inhibitory concentration of 
adherence of the bacteria on the glass was determined in 
the presence of 5% sucrose (INLAB®, Diadema, Brazil) in 
the Mueller-Hinton broth (DIFCO®, São Paulo, Brazil) using 
concentrations of the hydroalcoholic extracts of strawberry 
guava (28.94 to 0.007 mg ml-1) and jambolan (25.52 to 
0.012 mg ml-1) and the 0.12% chlorhexidine digluconate 
solution (0.032 to 1.5 x 10-5 mg ml-1) by means of the 
inclined tube technique at 30°. From the growth, the strains 
were sub-cultivated at 37ºC in BHI broth in microaerophilia 
for 24 hours. The minimum inhibitory concentration of 
adherence was defined as the lowest concentration of the 
extract in the 5% sucrose medium that prevented bacterial 
adhesion to the glass tube.

Data Analysis
The results related to the antimicrobial and 

non-stick activity of the extracts studied and 0.12% 
chlorhexidine digluconate were assessed by means of 
descriptive statistics to obtain the mean inhibitory halos 
and determine the minimum inhibitory concentration of 
adherence. Inhibition halos of bacterial growth equal to 
or greater than 7mm were recorded as inhibitory activity14.  

RESULTS 

In Table 1, the data with reference to the 
antimicrobial activity are shown. In Table 2, the values ​​of 
minimum inhibitory concentrations obtained from the P. 
Guineense Sw extract ranged from 275 to 1100 mg.ml-1. 
The values of the S. cumini (L.) Skeels extract ranged ​​from 
242.5 to 485 mg.ml-1. The values for 0.12% chlorhexidine 
digluconate ranged from 9x10-3 to 75x10-3 mg.ml-1. With 
respect to the minimum inhibitory concentrations of 
adherence, the following values were recorded: strawberry 
guava (1.81 to 28.94 mg.ml-1); jambolan (1.60 to 12.76 
mg.ml-1) and 0.12% chlorhexidine digluconate (4.93x10-4 
to 19.70x10-4 mg.ml-1), according to Table 3.
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Table 1. Antimicrobial activity of hydroalcoholic extracts of the leaves of P. guineense  
          Sw, S. cumini (L.) Skeels and 0.12% chlorhexidine digluconate against S.  
             mutans, S. oralis, S. parasanguis, S. salivarius, S. sp and L. casei.  

Note: 0-0 – absence of growth inhibition halo formation.

Table 2. Minimum inhibitory concentration values ​​in solid hydroalcoholic extracts of  
           leaves of P. guineense Sw, S. cumini (L.) Skeels and 0.12% chlorhexidine  
             digluconate against S. mutans, S. oralis, S. parasanguis, S. salivarius, S. sp  
              and L. casei.  

Table 3. Values of minimum inhibitory concentration of adherence liquid medium of  
           hydroalcoholic extracts of leaves of P. guineense Sw, S. cumini (L.) Skeels 
       and 0.12% chlorhexidine digluconate against S. mutans, S. oralis, S.  
              parasanguis, S. salivarius, S. sp and L. casei.  

DISCUSSION 

The results demonstrated the effectiveness of the 
mentioned extracts against the microorganisms tested. 
All strains were susceptible to the extracts with growth 

inhibition halos that ranged from 7 to 19mm. There was 
a proportional reduction in the diameter of the halos, as 
the concentration of the extract was reduced, as shown 
in Table 1.

Growth inhibition was shown to be homogeneous 
with regard to 0.12% chlorhexidine digluconate, according 
to its concentration. A similarity in proportion was found 
between the reduction in diameter of the inhibition halos 
and reduction in the concentration of the substance. The 
inhibition halos ranged from 7 to 23 mm, as shown in 
Table 1.

The results of laboratory studies may not reflect 
the real effect of a material when applied in an in vivo 
condition15. Therefore, the results obtained cannot be 
extrapolated to a clinical situation. However, in vitro 
research gives support to clinical trials.

It is difficult to compare results obtained in this 
study with some reported in the literature since the 
composition of the hydroalcoholic extracts may vary even 
within the same species due to different harvesting periods, 
different extraction methods, different microbiological 
tests used, and sensitivity of the strains16.

Although the concentrations of the components 
of the extracts of the strawberry guava and jambolan 
leaves were not evaluated in the present study, it was 
noted that some studies have analyzed the composition of 
the fruit of these species and found that the components 
found in P. guineense Sw. were phenolic compounds of the 
ellagitannin and gallotannin type. As regards S. cumini (L.) 
Skeels structures of gallotannins, ellagitannins, flavonols 
and flavonoids were observed. Several components derived 
from myricetin were also identified in the fruit Syzygium. 
Other elements detected in the fruit were also present in 
the leaf, such as myricetin acylated deoxyhexose17.  

Chromatography consists of a physico-chemical 
method of separation based on differential migration of the 
components of a mixture being used to identify compounds 
by analogy to pre-existing standards for purification of 
compounds, among other purposes. In the present study, 
chromatographic evaluation of hydroalcoholic extracts of P. 
guineense Sw. and S. cumini (L.) Skeels was not performed, 
so that it was not possible to compare the chromatographic 
profiles. Nevertheless, from the antibacterial tests against 
Gram-positive bacteria, it was found that the behavior 
of these extracts was similar to that observed by other 
researchers, thus allowing comparisons to be made18. 

The present test, by means of the agar diffusion 
technique, demonstrated the antimicrobial action 
of hydroalcoholic extracts of strawberry guava and 
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jambolan leaves against biofilm-forming strains. The 
agar diffusion technique is used as a standard test to 
measure the antibacterial properties of materials, in spite 
of its limitations; one of these being that it only measures 
components that are soluble in water19.

The use of the leaves for the preparation of 
hydroalcoholic extracts was chosen, because they are easily 
collected and available. Furthermore, the leaf is the main 
raw material used by Brazilian pharmaceutical laboratories 
to manufacture phytomedicines20.

In the present study, the aim was to investigate 
the action of hydroalcoholic extracts of P. guineense Sw. 
e S. cumini (L.) Skeels against the strains of S. mutans, S. 
oralis, S. parasanguis, S. salivarius, S. sp and L. casei. These 
plant species were chosen because their activity against 
oral pathogens has not been studied9. 

The antimicrobial activity presented by the plants 
in the family Myrtaceae is related to its high content of 
essential oils and phenolic compounds, such as tannins21.

When conducting a phytochemical study and 
study on antimicrobial activity of P. guineense Sw. against 
S. mutans, González et al.22 observed that the antibacterial 
effect could be attributed to secondary metabolites such 
as tannins, flavonoids, terpenes, aldehydes, among others, 
which were present in the fruit of the species.  Similar to 
those reported in the present study, the inhibition halos 
recorded ranged from 15 mm to 50 mm. It is important to 
point out that González et al.22 used ethanolic extracts while 
the present research used hydroalcoholic extracts of the leaf. 

Brighenti et al.9 conducted a research about the 
feasibility, protein expression and acid production of the 
strains of S. mutans under the effect of the aqueous 
extract obtained by decoction in distilled water of the 
Psidium cattleianum leaf (red strawberry guava) and found 
that the combination of tannins and flavonoids present in 
this vegetable acted as an inhibitory agent and inhibitor 
of the expression and activity of certain enzymes. Gaetti-
Jardim Júnior et al.23 investigated the antibacterial action 
of the hydroalcoholic extract of the bark and leaf of red 
guava against S. mutans ATCC 35668 and found that the 
extract showed effect even with the dilution ratio of 1:68. 
Although the species studied were common guava, sour 
guava or field guava, the combination found in the red 
strawberry guava might indicate how the inhibitory effect 
observed in the common guava works since both belong 
to the same  Myrtaceae family.

The ethanolic extract of S. cumini (L.) Skeels showed 
one of the highest antimicrobial activities, inhibiting 83.3% 
of the bacteria resistant to antibiotics14. In this study, the 

Minimum Inhibitory Concentration of jambolan was 50, 
300 and 400 mg/mL against Pseudomonas aeruginosa, 
Staphylococcus aureus and Enterobacter aerogenes, 
respectively. Similar concentrations were also found in 
the present study as shown in Table 2. However, it should 
be noted that these concentrations were found for non-
cariogenic bacteria, differing from the strains used here.  
In a previous study, the jambolan extract inhibited 40% 
of the microorganisms and it was observed that this effect 
was evident also against bacteria resistant to antibiotics, 
which were isolated in a hospital environment6. 

Loguércio et al.21 assessed antibacterial activity of 
the hydroalcoholic extract of jambolan leaves by the disk 
agar diffusion method. The authors found antimicrobial 
effect on 17 bacterial isolates, both gram-positive and 
gram-negative bacteria, but not on oral streptococci, 
which was the aim of their test. Another difference was 
the agar diffusion technique used. The agar well diffusion 
method was adopted. The activity of jambolan is due to 
the presence of tannins (phenolic polymeric substances) 
that are able to form complexes with proteins, among 
other functions.

Similarly, other studies investigated the 
antimicrobial potential of jambolan extracts against 
gram-positive bacteria and found that the methanol 
extract of S. cumini (L.) Skeels inhibited the growth 
of Bacillus subtilis ATCC 6633 and Staphylococcus 
aureus ATCC 2973724. Although the present study 
did not assess antifungal activity, however, some trials 
analyzed the capacity of jambolan to inhibit the fungal 
development25-26. Höfling et al.25 investigated the 
antifungal activity of methanolic and dichloromethanolic 
extracts against various Candida strains and found that 
the strains were all sensitive to concentrations ranging 
from 0.001 to 0.03 mg/mL. Jabeen et al.26 assessed the 
capacity of the jambolan extract to inhibit Ascochyta 
rabiei and found that the aqueous extract of the leaves 
showed significant suppression of up to 30% of fungal 
growth.    

Voss-Rech et al.27 analyzed the capacity of several 
hydroethanolic extracts, among them, of the jambolan 
extract to inhibit the growth of different species of 
Salmonella. The minimum inhibitory concentrations found 
ranged from 40 to 320 mg/mL, similar to the data shown 
in Table 2, although oral microorganisms were used.    

Plants subjected to the tests of minimum inhibitory 
concentration of adherence showed non-stick activity, as 
shown in Table 3. This mechanism of adhesion of bacterial 
cells to tooth surfaces can be explained by the presence of 
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cell surface adhesins that bind to specific sites on the host 
as some receptors present on the film acquired28. Similarly, 
Gibbons28 reports that some factors may affect bacterial 
adherence such as the influence of salivary secretions, 
influence of lectins from diet, and the influence of certain 
antibiotics. It is suggested that the components present in 
the strawberry guava and jambolan have a non-stick action 
against the strains tested.

There are no studies in the pertinent literature 
that investigate the non-stick effect of these species on 
oral microorganisms. Thus, interference in the adhesion 
mechanism may be a strategy to control biofilm, thus 
preventing oral diseases such as dental caries and 
periodontal diseases.

In the present trial, the extracts mentioned 
were effective in inhibiting adhesion to glass; however, 
these concentrations were higher than those of 
0.12% chlorhexidine digluconate, as shown in Table 2. 
Chlorhexidine digluconate is considered a biocompatible 
disinfectant able to reduce the microbial population and 
its significant substantivity29. It has been widely used to 
control dental biofilm formation, altering the composition 
of supragingival biofilm.

With regard to cytotoxicity, a previous study 
investigated this effect on the leaves of S. cumini (L.) Skeels 
and it was found that jambolan showed no cytotoxicity 
or mutagenicity in the system of the test animal (in bone 
marrow cells of Wistar rats) and plant (in meristematic 
cells of Allium cepa L.)30. Although the results of this in 
vitro study support the use of extracts of these plants, 

popular use of these plants to control dental caries is not 
recommended without conducting further studies on 
toxicity, cytotoxicity, mutagenicity, among others. 

Further tests using bacteria on individual and 
associated biofilm should be conducted to confirm the 
antimicrobial potential of the extracts of P. guineense 
Sw. and S. cumini (L.) Skeels, as well as to determine the 
minimum bactericidal concentration, thus enabling a better 
understanding about the action of these extracts and a 
more accurate analysis of the results that will be obtained. 

CONCLUSION

It may be concluded that the hydroalcoholic 
extracts of the leaves of P. guineense Sw. and S. cumini 
(L.) Skeels showed a nonstick and antimicrobial effect on 
the strains tested, but further studies are necessary to 
confirm whether these natural antibacterial alternatives 
are effective in the control of dental caries.  
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