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Abstract 
This study evaluated the antimicrobial activity of 138 aqueous extracts of 23 plants from Brazilian savanna on cariogenic 

cocci. Aqueous extracts were prepared from leaves, stems and barks of the plants. The initial screening of antimicrobial 

activity was performed by the agar diffusion method. Minimal inhibitory concentration (MIC) and minimal bactericidal 

concentrations were determined using broth dilution method. Time-kill curve were also determined on cells in suspension. 

The initial screening of antimicrobial activity evidenced that leaves extracts from M. ilicifolius, P. americana, J. 

cuspidifolia and bark extracts of P. rotundifolia were active on some strains but not all tested microorganisms. Only 

leaves, bark and stems extracts of M. urundeuva and P. cattleianum were able to inhibit all tested strains. The inhibitory 

activities of M. urundeuva and P. cattleianum were similar. In general, MBCs were four up to thirty two times higher than 

MICs. Time-kill curve of the extracts from P. cattleianum and M. urundeuva showed that a log reduction of the planktonic 

bacterial inoculum was achieved within 60 minutes of contact. 

Descriptors: Bacteria; Prevention & Control; Plant Extracts; Dental Caries. 
 

Resumo 
Este estudo avaliou a atividade antimicrobiana de 138 extratos aquosos de 23 plantas de savana brasileira sobre cocos 

cariogênicos. Os extratos aquosos foram preparados a partir de folhas, caules e cascas. A análise inicial da atividade 

antimicrobiana foi realizada pelo método de difusão em ágar. A concentração mínima inibitória (CIM) e a concentração 

bactericida mínima foram determinadas utilizando métodos de diluição em caldo. A curva temporal de morte microbiana 

também foi determinada em células em suspensão. A análie inicial da atividade antimicrobiana evidenciou que os extratos 

de folhas de M. ilicifolius, P. americana, J. cuspidifolia e extratos de casca de P. rotundifolia eram ativos em algumas 

cepas mas não em todos os microrganismos testados. Somente os extratos de folhas, cascas e caules de M. urundeuva e P. 

cattleianum foram capazes de inibir todas as cepas testadas. As atividades inibitórias de M. urundeuva e P. cattleianum 

foram semelhantes. Em geral, os MBCs eram quatro a trinta e duas vezes mais elevados do que os MICs. A curva tempo-

morte dos extratos de P. cattleianum e M. urundeuva mostrou que uma redução logarítmica do inóculo bacteriano 

planctônico foi alcançada dentro de 60 minutos de contato. 

Descritores: Bactérias; Prevenção & Controle; Extratos Vegetais; Cárie Dentária. 
 

Resumen 
Este estudio evaluó la actividad antimicrobiana de 138 extractos acuosos de 23 plantas de sabana brasileña sobre cocos 

cariogénicos. Los extractos acuosos fueran preparados a partir de hojas, tallos y corteza. El cribado inicial de la actividad 

antimicrobiana se realizó por el método de difusión en disco. Se determinaron la concentración inhibitoria mínima (MIC) 

y la concentración bactericida mínima usando métodos de dilución en caldo. La curva de tiempo de muerte microbiana 

también se determinó en células en suspensión. El cribado inicial de la actividad antimicrobiana evidenció que los 

extractos de hojas de M. ilicifolius, P. americana, J. cuspidifolia y extractos de corteza de P. rotundifolia eran activos en 

algunas cepas pero no en todos los microorganismos probados. Sólo los extractos de hojas, corteza y tallos de M. 

urundeuva y P. cattleianum fueron capaces de inhibir todas las cepas ensayadas. Las actividades inhibitorias de M. 

urundeuva y P. cattleianum fueron similares. En general, los CBM eran cuatro hasta treinta y dos veces más altos que los 

CMI. La curva de matanza de los extractos de P. cattleianum y M. urundeuva mostró que se logró una reducción 

logarítmica del inóculo bacteriano planctónico en los 60 minutos siguientes al contacto. 

Descriptores: Bacterias; Prevención & Control; Extractos Vegetales; Caries Dental. 

 
 

INTRODUCTION 
 

In the past 40 years, there was a significant reduction 

in the prevalence and severity of dental caries
1,2

. However, 

oral health still constitutes a serious problem, especially in 

poor rural communities from developing countries, where 

social inequalities are severe
3
, and urban populations with 

middle or low-income
3-5

. 

 

 
Chemical compounds used during treatment of 

infections associated with dental microbial biofilm in 

patients unable to maintain oral hygiene present several side 

effects when used for long periods
6,7

. Thus, natural 

compounds such as propolis
8
, guajava

9
, cacao

10
, araça

11-13
, 

tea and other beverages
14-16

, and copaiba
17

 have arisen as 
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new and effective chemical agents against dental caries and 

other infections associated with oral microbiota.  

Natural products are largely used in traditional 

medicine or in the diet, especially in developing 

countries
12,13,18,19 

and might represent advantages over 

synthetic compounds, such as diversity, flexibility, 

accessibility, affordability and acceptance
20

. In addition, 

people concerned about the adverse effects of synthetic 

drugs have created a new commercial niche for oral 

hygiene
20

.   

In Brazil, the biodiversity observed in tropical forests 

and savannas offers a wide range of pharmacological and 

therapeutic compounds with intense activity on microbial 

biofilms and particular pathogens 
21,22

. Moreover, some plant 

extracts also present several desirable biological properties, 

such as anti-inflammatory activities
23

. 

Only a fraction of Brazilian biological diversity has 

been evaluated as a source of drugs. In addition, the 

Brazilian popular medicine is largely described, but most of 

the information contained therein has not been verified by 

scientific studies
24

 and the transformation of extensive areas 

of savanna and transitional forests into commercial crops in 

the Central-Western and North-Western Brazilian borders 

may condemn several aspects of the traditional medicine and 

landscapes to extinction due to the destruction of the 

environment, pressure of commercial agriculture. 

Indigenous and rural populations living in the 

savannas employ plants as analgesic, anti-septic, anti-

inflammatory and anti-diarrhea medicine
25

 and for treatment 

of oral infections. Studies to characterize the anticariogenic 

potential of Brazilian plant extracts may be valuable to 

improve oral health in population with low income and 

noncompliant to conventional preventive procedures as well 

as encourage the preservation of the natural areas of the 

Brazilian savannah
11-13,20,21,26

.  

The aim of this study was to evaluate the 

antimicrobial properties of aqueous crude extracts obtained 

from 23 plants from the Brazilian savanna on reference 

strains of S. mutans and S. sobrinus and clinical isolates.  

 

MATERIAL AND MÉTHOD 

o Microrganisms 

The bacteria used in this study were Streptococcus 

mutans ATCC 35688 and ATCC 25175, Streptococcus 

sobrinus ATCC 33478, as well as 10 clinical isolates of S. 

mutans and 5 isolates of S. sobrinus previously cultivated on 

Mitis Salivarius Bacitracin Sucrose agar and identified 

through biochemical and morphological tests and stored at -

196oC. Bacteria were grown in tryptic soy broth (TSB - 

Difco, USA) supplemented with yeast extract (0.5%), and 

incubated anaerobically (90% N2 / 10% CO2), at 37°C for 

24 hours.  
 

o Plant extracts 

Specimens of Anacardium giganteum, A. occidentale, 

Anadenanthera falcata, Caryocar brasiliense, Cedrela 

fissilis, Cordia glabrata, Diptychandra aurantiaca, Ficus 

enormis,  Gallepsia integrifolia, Jacaranda cuspidifolia, 

Maytenus ilicifolia, Myracrodruon urundeuva, Patagonula 

americana, Piptocarpha rotundifolia, Platypodium elegans, 

Psidium cattleianum, Roupala brasiliensis, Solidago 

microglossa, Tabebuia alba, T. impetiginosa, T. ochraceae, 

Terminalia argentea and Vanillosmopsis arborea cultivated 

at the São Paulo State University- UNESP, Araçatuba, São 

Paulo, Brazil, in natural conditions, without addition of 

chemical compounds such as chemical fertilizers, pesticides 

and insecticides were used. 

For preparation of the extracts, only leaves, stems and 

barks of plants without visible signs of decomposition, 

damage or disease were used. Plants were harvested from 

January 2006 to April 2013. Botanical identification of the 

plants was obtained and a classified reference voucher 

specimen was deposited at the Herbarium of Pharmacognosy 

and Phytotherapy Research Laboratory, São Paulo, Brazil, 

and at the Collection of Aromatic and Medicinal Plants at 

the University of Campinas. 

Plants were washed three-times in deionized water, 

allowed to dry in a dark room (initially at room temperature 

for 30 days and then at 37°C for 15 days) and grinded until a 

thin powder was achieved. In order to extract water-soluble 

chemical compounds, 25g of the leaves were decocted in 

125 ml of deionized water for 5 min at 100
o
C, at 55

o
C for an 

additional 1 h and at room temperature for 3 days. The 

extracts were filter-sterilized using a 0.22µm cellulose 

membrane (Millipore) and the aqueous extracts were 

allowed to evaporate at 37
o
C and resuspended in deionized 

water to achieve final concentration of 15 mg/ml
5
. The 

extracts were prepared immediately before use to avoid 

oxidation or were stored at -40
o
C during 10 days

22
.  

 

o Screening of antimicrobial activity of the extracts using 

an agar diffusion method 

Sterile filter paper discs (6 mm) were soaked with 

20 μl of extract, so that each disc was impregnated with 

0.3 mg of residue. The discs were dried at 37 °C overnight to 

evaporate residual water. The dry discs were applied to the 

surface of Mueller Hinton agar plates supplemented with 

0.5% Tween-20, and previously inoculated with 10
8
 CFU of 

the tested bacterial strain. The plates were incubated in 

candle jars at 37 °C, for 24-48 h. Antibiotic susceptibility 

discs including ampicillin, amoxicillin, gentamicin, and 

tetracycline (10-30 μg) were used as controls
27

. The 

experiment was performed in triplicate and the antibacterial 

activity was detected by the presence of inhibition of 

microbial growth around discs. 

Only extracts of M. urundeuva and P. cattleianum 

presented antimicrobial activity on all tested microbial 

strains and were evaluated to determine minimal inhibitory 

and minimal bactericidal concentrations, as well time-kill 

curves.  
 

o Determination of minimal inhibitory concentrations 

(MICs) and minimal bactericidal concentrations (MBCs) 

In the tests to evaluate the MICs and MBCs only 

Streptococcus mutans ATCC 35688 and ATCC 25175, and 

S. sobrinus ATCC 33478 were used.  

In order to determine MIC and MBC, plant extracts 

were added to Mueller Hinton broth supplemented with 

0.5% yeast extract containing 10
5
 CFU of the tested bacterial 

strain and two-fold serial dilutions of plant extracts, ranging 

from 0.125 mg/ml to 128 mg/ml. All tubes were incubated in 

candle jars at 37C, for 48 h. MIC was defined as the lowest 

concentration that was able to inhibit bacterial growth. 

After incubation at 37
o
C, for 24-48 h., aliquots of 100 

μl from broth with no bacterial growth were plated onto 

tryptic soy agar supplemented with yeast extract and 

enriched with 5% horse blood and incubated at 37°C for 48 

h. MBC was defined as the lowest concentration where no 

bacterial growth on agar plates was recorded . In all tests, 

sterile PBS and broth without plant extracts were use as 

controls. 
 

o Time-kill curve 

Time-kill curves of extracts from M. urundeuva and 

P. cattleianum were established for S. mutans ATCC 35688 
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and ATCC 25175, and S. sobrinus ATCC 33478. Initially, 

10
5
 CFU/ml were inoculated in Mueller Hinton broth 

supplemented with 0.5% yeast extract (TSB). The plants 

extracts were added at a final concentration corresponding to 

their MBC. A bacterial suspension in PBS was used as 

control. At different time intervals (10, 20, 30 min, 1-8 h, 12 

h, and 24h), 100 L of the samples were removed, and 

plated on tryptic soy agar supplemented with yeast extract 

and horse blood. Colonies were counted after incubation in 

anaerobiosis at 37
o
C for 24h. 

 

o Statistical analysis 

Statistical significance was determined by analysis of 

variance (ANOVA) using the software SPSS 11·0 for 

Windows. Fisher's exact test was applied to contingency 

tables to compare the extract effectiveness of the extracts on 

the cells in suspension. P < 0.05 values were considered 

statistically significant. 
 

RESULTS 

The results have evidenced that 7.1% of the tested 

plant extracts exhibited inhibitory activity on at least 5 

clinical strains of S. mutans or S. sobrinus. The initial 

screening of antimicrobial activity by agar diffusion test 

evidenced that the extracts from Anacardium giganteum, A. 

occidentale, Anadenanthera falcata, Caryocar brasiliense, 

Cedrela fissilis, Cordia glabrata, Diptychandra aurantiaca, 

Ficus enormis, Gallepsia integrifolia, Roupala brasiliensis, 

Solidago microglossa, Tabebuia alba, T. impetiginosa, T. 

ochraceae, Terminalia argentea, Vanillosmopsis arborea do 

not have any antimicrobial activity on tested strains. 

Extracts of the leaves of M. ilicifolia (66.7%), P. 

americana (33.3%), J. cuspidifolia (44.4%), F. enormis 

(27.8%) and extracts from bark of P. rotundifolia (44.4%) 

and P. elegans (44.4%) were active on some strains but not 

all tested microorganisms. Only extracts of leaves, bark and 

stems of M. urundeuva and P. cattleianum were able to 

inhibit all tested cariogenic cocci, including reference 

strains. 

The inhibitory activities of M. urundeuva and P. 

cattleianum were similar (Table 1). In general MBCs were 

four up to 32 times higher than MICs. Time-kill curve of the 

aqueous leaves extracts from P. cattleianum and M. 

urundeuva showed similar results for all reference strains 

tested. A logarithmic reduction of the planktonic bacterial 

inoculum was achieved within 60 min after the aqueous 

extracts from P. cattleianum and M. urundeuva were added, 

regardless reference strain tested (Figure 1). 
 

Table 1. Antimicrobial activity aqueous extracts against of leaves from 

M. urundeuva (1) and P. cattleianum (2) on three reference strains of 

cariogenic cocci 
 

Extract 
MIC/MBC (mg/ml) 

S. mutans ATCC 35688  S. mutans ATCC 25175 S. sobrinus  ATCC 33478 

1 8/32 4/32 2/64 

2 4/32 4/32 4/64 
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Figure 1: Time-kill curve to cariogenic strains for the alcoholic and 

aqueous leaves extracts from M. urundeuva (A) and P. cattleianum (B). 

DISCUSSION 

The control of oral biofilm is fundamental to maintain 

the balance between host immune defenses and microbial 

virulence, particularly for human populations living in 

isolated and poor areas in developing countries, where oral 

biofilm control is still a serious problem
5
 and efficient 

therapeutic strategies to completely avoid  its formation has 

not been yet universally established. Brazilian low-income 

communities use plant extracts to deal with biofilm 

associated diseases, but most of the  natural products have 

not been scientifically evaluated so far
13

.  

Although the use of these products is usually 

empirical, it is based on the knowledge that plants produce 

bioactive compounds in response to environmental factors, 

such as microbial invasion or ultraviolet radiation
28,29

. 

People living near the margins of the Amazon forest and in 

the savanna of the Central, North-Eastern, and North-

Western Brazilian borders, as well other areas of developing 

world frequently appeal to natural medicines to overcome 

the lack of public and private medical care. Studies have 

shown that South America folk medicine provides a wide 

range of extracts with antimicrobial properties
24,30

, but few 

studies testing natural extracts as antimicrobials against 

cariogenic microorganisms are available. The relevance of 

such issues resides on the ability to provide a fast reduction 

of microbial adhesion to dental surfaces or microbial 

viability and these properties are currently under trial to 

prevent infections associated to dental biofilm, particularly 

dental caries
12,13,16,31

. 

In the present investigation, 138 vegetal extracts  

were obtained from 23 native species from Brazilian 

savanna, which is the second largest ecosystem of          

Brazil. Around 220 species from this biome are reported     

to be used as traditional medicine, but this number may          

be underestimated, once less than 1% of the pharmacological 

potential savanna’s plants have been evaluated
32

. In                

this study, 7.1% of the tested extracts evidenced some 

inhibitory activity, a similar proportion to that verified by 

Anesini and Peres
33

.   

Only two extracts, Myracrodruon urundeuva and 

Psidium cattleianum, displayed satisfactory activity against 

all reference strains and clinical isolates. This phenomenon 

is remarkable, once it is estimated that each plant may 

represent five to ten structural possibilities of natural 

products
34

. M. urundeuva has anti-ulcerogenic, analgesic and 

anti-inflammatory properties
35,36

 and Psidium spp. has been 

used to treat scurvy, diarrhea, cough, pulmonary diseases 

and as an anti-inflammatory and hemostatic agent
37,38

. 

Studies in vitro have evidenced that P. cattleianum is 

capable to reduce microbial viability and adhesion of 

cariogenic cocci
11

, reduce the expression of virulence 

factors
20

 and enamel demineralization by these acidogenic 

Gram-positive microorganisms
21

. 

The mechanism of action P. cattleianum may be 

related to a reduction in the expression of the proteins linked 

to RNA synthesis, protein synthesis and catabolism, with 

especial distinction to enzymes required during glycolysis 

and lactic acid production, as previously evidenced
20

. 

Although little is known about the composition and mode of 

action of M. urundeuva, data in the literature shows that it 

has a similar composition to that of P. cattleianum
39

, 

suggesting that both extracts may have a similar mechanism 

of action.  

Since mouthrinses and other chemical products are 

maintained at inhibitory concentrations in the oral cavity for 

short periods of time, it is relevant to evaluate the kinetics of 
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antimicrobial activity of these extracts, since residues of 

these compounds might be kept in the oral cavity for 

sufficient time to interfere with the process of biofilm 

formation. The time-kill curves to cariogenic strains for 

aqueous extracts from M. urundeuva and P. cattleianum 

evidenced that both extracts were able to reduce 90% of 

planktonic microorganisms in less than one hour of contact.  
 

CONCLUSION 
 

Plant extracts obtained from Brazilian savanna 

display intense antimicrobial activity against cariogenic 

cocci and the most active extracts were obtained from P. 

cattleianum and M. urundeuva.  
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