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Antimicrobial activity of the essential oil of Cymbopogon citratus (DC) Stapf. on
Staphylococcus spp., Streptococcus mutans and Candida spp.
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RESUMO: Atividade antimicrobiana do 6leo essencial de Cymbopogon citratus (DC) Stapf.
sobre Staphylococcus spp., Streptococcus mutans e Candida spp.

As acgdes fungicida, antibacteriana e anti-inflamatoria sdo propriedades importantes que vém
sendo investigadas em espécies medicinais. O objetivo do presente trabalho foi o de avaliar a
atividade antimicrobiana do 6leo essencial de Cymbopogon citratus (DC) Stapf. (capim-limao)
sobre cepas de Staphylococcus spp., Streptococcus mutans e Candida spp. em crescimento
plancténico e em biofilme. Para estudo dos micro-organismos em crescimento planctonico
foram determinadas a Concentracao Inibitéria Minima (CIM) e a Concentracdo Microbicida
Minima (CBM) de 9 cepas clinicas e, para cada espécie, uma ATCC (American Type Culture
Collection) de: C. albicans, C. tropicalis, C. glabrata, S. aureus, S. epidermidis e S. mutans.
Para a avaliagado dos efeitos dos 6leos essenciais em biofilme foram utilizadas cepas padrao
de S. aureus (ATCC 6538), S. mutans (ATCC 35688) e C. albicans (ATCC 18804). O biofilme
foi formado em corpos-de-prova de resina acrilica com os micro-organismos isolados ou em
associagdes. O numero de unidades formadoras de colénias obtidas em cada biofilme (UFC/
mL) foi submetido ao teste t de Student. Os resultados demonstraram que o 6leo essencial
de Cymbopogon citratus apresentou atividade microbiostatica e microbicida para todas as
cepas analisadas. As médias de UFC/ml para o biofilme de S. aureus, S. mutans e C. albicans,
isolados ou associados, foram menores no grupo tratado com 6leo essencial em relagéo ao
grupo controle.

Palavras-chave: Biofilme; Oleo essencial; Cymbopogon citratus, Candida spp.; Staphylococcus
spp.; Streptococcus mutans.

ABSTRACT: Antimicrobial activity of the essential oil of Cymbopogon citratus (DC)
Stapf. on Staphylococcus spp., Streptococcus mutans and Candida spp. Medicinal plants
with fungicide action, antibacterial and anti-inflammatory effects are under investigation. The
main purpose of this work was to evaluate the antimicrobial activity of the essential oil from
Cymbopogon citratus (DC) Stapf. on strains of Staphylococcus spp., Streptococcus mutans and
Candida spp. with planktonic and biofilm growth. To study the micro-organisms in planktonic
cells, the minimal inhibitory concentration (MIC) and minimal bactericidal concentration (MBC)
were determined by using 9 clinical strains for each species and 1 ATCC (American Type
Culture Collection) from C. albicans, C. tropicalis, C. glabrata, S. aureus, S. epidermidis and
S. mutans. In order to evaluate the effects of the essential oils on biofilms, strains of S. aureus
(ATCC 6538), S. mutans (ATCC 35688) and C. albicans (ATCC 18804) were used. The biofilm
was formed on acrylic resin discs with isolated micro-organisms or in associations. The number
of colony-forming-units (CFU) obtained in each biofilm (CFU/ml) was submitted to Student’s t
statistical test. The results demonstrated that the essential oil of Cymbopogon citratus showed
microbiostatic and microbicidal activity against all tested strains. The average CFU/ml for the
biofilm of S. aureus, S. mutans and C. albicans, whether isolated or in association, was lower
in the group treated with essential oil than in the control group.

Keywords: Antimicrobial; Biofilm; Essential oil; Candida spp.; Staphylococcus spp.;
Streptococcus mutans.Streptococcus mutans.
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INTRODUCTION

In reality it is rare to find an ecological niche
where only one organism is present or where only
a single organism is causing a particular effect.
In nature, great part of micro-organisms is often
organized by what are known as biofilm (Burton &
Engelkirk, 2004). The biofilm is formed by a diverse
community of micro-organisms that accumulate
in hard tissues as a film, embedded in a matrix of
extracellular polymers from the host and micro-
organism (Marsh, 2004).

Validation and selection of primary screening
assays are pivotal to guarantee selection of extracts
or molecules with relevant pharmacological action.
Primary bioassays are generally designed for
rapid screening of large numbers of products or
extracts. They are simple, easy to implement and
produce results quickly and preferably at low cost.
Compounds or extracts with a specific activity at a
non-toxic dose, need further evaluation in secondary
or specialized in vitro bioassays and in animal
models (Verkman, 2004).

Natural products, either as pure compounds
or as standardized plant extracts, provide unlimited
opportunities for new drug leads because of
the unmatched availability of chemical diversity
(Jeon et al., 2011; Cos et al., 2006). Research on
new antimicrobial substances must therefore be
continued and all possible strategies should be
explored. Besides small molecules from medicinal
chemistry, natural products are still major sources of
innovative therapeutic agents for various conditions,
including infectious diseases (Clardy & Walsh, 2004).

The genus Staphylococcus has important
virulence properties and causes a wide range of
human infection diseases including pneumonia,
endocarditis, periodontal diseases and others
(Baba et al., 2008; Wertheim et al., 2005). Both
oral cavity and subgingival pocket are ecological
niches conducive for hosting micro-organisms
that may act as opportunistic pathogens, such as
Staphylococcus aureus and especially methicillin-
resistant Staphylococcus aureus (MRSA). Early
detection of MRSA is a matter of concern to Public
Health (Cuesta et al., 2011). Heller et al. (2012)
evaluated the microbial profiles in individuals
diagnosed as having chronic periodontitis or
generalized aggressive chronic periodontitis. In
the case of chronic periodontitis, it was found
predominantly Capnocytophaga ochracea,
Fusobacterium periodonticum, Staphylococcus
aureus and Veillonella parvula.

Streptococcus mutans and Streptococcus
sobrinus are the major etiological agents of
development of dental caries of smooth surface. The
accumulation of streptococci on the tooth surface
is considered a critical factor in the development of
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cariogenic biofilms (O’Toole et al., 2000).

The Candida species are opportunistic
fungal pathogens that can cause local or systemic
infections in humans with predisposing factors, such
as the use of dental prostheses, prolonged treatment
with antibiotics, or a compromised immune system
(Duarte et al., 2005).

Yeasts can also be isolated from the
biofilm (Sen et al., 1997) and attach to the bacterial
species (Nikawa et al., 2001, Arendorf & Walker,
1980). Biofilms of Candida albicans, Candida
parapsilosis, Candida glabrata and Candida
tropicalis are associated with high indices of hospital
morbidity and mortality. Major factors involved in the
formation and growth of Candida biofilms are the
chemical composition of the medical implant and
the cell wall adhesions responsible for mediating
Candida-Candida, Candida-human host cell and
Candida-medical device adhesion (Cuéllar-Cruz
et al., 2012). Baena-Monroy et al. (2005) found
that Candida albicans, Staphylococcus aureus
and Streptococcus mutans frequently colonize the
oral mucosa of patients that make use of dental
prosthesis. This illness-bearing condition is more
frequent in patients with denture stomatitis, even
though dental prosthesis colonization is lower than
in the oral mucous.

The use of antimicrobial agents helps in
chemical removal of the biofilm, preventing the
installation of dental caries and periodontal diseases,
but its frequent use can lead to development of
resistant species, which now has caused great
clinical concern (Moran et al., 1992). Thus, it is
necessary to develop alternative treatments with
powerful antimicrobial activity that can interfere with
the dynamics of biofilm formation. The validation
of the use of medicinal plants depends on the
systematic investigation carried out with chemical
methodology, pharmacology and microbiology, which
along with other factors will result in herbal medicine
(Rojas et al., 1992).

Investigations towards the antipathogenic
potential of natural products may open new avenues
for drug development in the control of antibiotic
resistant pathogens (Rasmussen & Givskov, 2006).

The specie Cymbopogon citratus (DC)
Stapf., known as lemon-grass, is a producer of
essential oil with commercial value (Lewinsohn et
al.,1998). It presents antifungal properties (Khan &
Ahmad, 2012; Irkin & Korukluoglu, 2009; Onawunmi,
1989), antibacterial properties (Cimanga et al., 2002),
diuretic action (Galvéz et al., 1998), anticarcinogenic
role (Puatanachokchai et al., 2002), gastroprotection
mechanisms (Fernandez et al., 2012) and protective
effect against parasites (Santoro et al., 2007).

In the search for preventive methods in
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dentistry, studies of medicinal plants with fungicide
properties, antibacterial and anti-inflammatory are
being developed. Some products of plant origin
are used in oral hygiene with the advantage of not
having side effects compared to synthetic products
(Moran et al., 1992).

Considering the great use of plants as
medicinal substances in the Brazilian popular
medicine, it is critical to investigate their biological
and chemical properties in order to not only help
to enhancing our understanding of the therapeutic
potential of these natural products, but also how to
make them more effective pharmacological agents.
Thus, the purpose of this study was to evaluate in
vitro effects of essential oil of Cymbopogon citratus
(DC) Stapf. on strains of Staphylococcus species, S.
mutans and Candida spp. in biofilm and planktonic
growth.

MATERIALS AND METHODS

Botanical material

The specie Cymbopogon citratus (DC)
Stapf. was collected on the Site Pinheiros, in the
locality of Alto-do-Sarapui, Elvio village, district
of Piedade, Sao Paulo, Brazil, between 9:00 and
10:00 am., in the first week on September, 2007.
The voucher specie was deposited at the herbarium
SPF, Department of Botany, University of Sao Paulo,
Matéo Street, 277, building Sobre-as-Ondas, CEP
05508-090, Sao Paulo, Brazil, under numbers G.
Akisue 031 (SPF).

Essential oil
The essential oil was extracted from leaves
of C. citratus. The oil extraction was performed at
the Laboratory of Pharmacognosy and Medicinal
Plants, Faculty of Pindamonhangaba (FAPI) by the
technique of hydrodistillation in a modified Clevenger
extractor (Clevenger, 1928).

Micro-organisms

In the determination of the minimum
inhibitory concentration (MIC) it was used 54 clinical
strains and 1 ATCC from each specie S. aureus
(ATCC 6538), S. epidermidis ATCC (12228), S.
mutans (ATCC 35688), C. albicans (18804), C.
tropicalis (ATCC 13803) and C. glabrata (ATCC
90030), which constituted a total of 60 samples.
These clinical strains and standards were gathered
from the Laboratory of Microbiology, Faculty of
Dentistry of Sdo José dos Campos / UNESP. Only
the clinical strains were isolated from oral cavity from
healthy individuals. This work was approved by the
Research Ethics, Faculty of Dentistry of Sdo José
dos Campos / UNESP (01/ 2008-PH/CEP).

To assess the effects of essential oils on
the biofilm three reference strains [American Type
Culture Collection (ATCC)], C. albicans (ATCC
18804), S. aureus (ATCC 6538), and S. mutans
(ATCC 35688), were used in the study.

Micro-organisms suspension
Strains of Staphylococcus and Streptococcus
were grown in Brain Heart Infusion agar (BHI, Difco,
Detroit, USA) and strains of Candida in Sabouraud
dextrose agar (Difco, Detroit, USA) at 37°C for 48
hours. Strains of Streptococcus were incubated in
microaerophilic conditions (5% de CO,). After this
period, the microbial colonies were suspended in
sterile solution of NaCl 0,9% and standardized in 108
cells/ml by means of a spectrophotometer (Micronal
-B582, Sao Paulo, Brazil). The parameters of optical
density and wavelengths used were respectively,
0.374 and 490 nm to S. aureus, 0.923 and 492 nm
to S. epidermidis, 0.620 and 398 nm to S. mutans
and 0.284 and 530 nm to Candida spp., according
to previous procedures established in the Laboratory
of Microbiology, School of Dentistry of S&o José dos

Campos, Séo Paulo State University.

Determination of minimum inhibitory
concentration (MIC) and minimum microbicidal
concentration (MBC) of essential oil

In order to determine the minimum inhibitory
concentration (MIC) of essential oil of C. citratus it
was used broth dilution assay. The stock solution of
the essential oil was plated in sterile test tubes with
sterile distilled water and Tween 80, in accordance
with the desired concentration and volume (Allegrini
et al., 1973). The solution was stirred for 5 minutes
using a Vortex apparatus (Fanem), obtaining a
solution with the desired final concentration of
essential oil for each species. It is important to
emphasize that prior tests were conducted with the
essential oil of C. citratus in different concentrations
in order to determine the best initial concentration
for all micro-organisms.

In tissue culture test plates (96 cells) (Costar
Corning, New York, USA) were added previously
0.125 ml of BHI or Sabouraud broth in each well.
In the first columns of the tissue culture test plates
were plated 0.125 ml of solution of essential oil with
a concentration previously established for each
species. Serial dilutions of essential oils were plated
at the plate with the aid of automatic micropipette
in order to represent 1/2, 1/4, 1/8, 1/16, 1/32, 1/64
and 1/128 of the initial concentration. In sequence,
it was added to all wells of the plate 0.0125 ml of
standardized suspension (10° viable cells/ml) of each
strain of Staphylococcus spp., Streptococcus mutans
and Candida spp. The assay was established on the
basis of NCCLS (2004). The tests were performed
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in duplicate. The control group consisted of 0.125 ml
of Sabouraud broth and 0.125 ml of sterile distilled
water with Tween 80 in the same dilutions used in
the solution of essential oil and 0.0125 ml of the
suspension of micro-organisms.

After incubation for 24 hours at 37°C
for Candida spp. and Staphylococcus spp. and
Streptococcus mutans for 24 hours at 37°C in
CO, incubator, the reading was done by visual
observation of the turbidity of the medium. It was
considered the minimum inhibitory concentration
(MIC) the lowest concentration of essential oil tested,
able to inhibit microbial growth in broth.

In the determination of the minimum
microbicidal concentration (MBC) of essential oil of
C. citratus, three inoculations of the previous test,
which showed no growth in broth, were placed on
Sabouraud dextrose agar plates for determining the
minimum fungicidal concentration of Candida spp.
and BHI agar to determine minimum bactericidal for
Staphylococcus spp  .and Streptococcus mutans.
For this, 0.1 ml of inoculum was plated on Sabouraud
dextrose agar or BHI agar. After an incubation
period of 48 hours at 37°C for Candida spp. and
Staphylococcus spp. and S. mutans 48 hours at 37°C
in CO, incubator, the colony growth was observed
for each species. Herein, the time period of 48 hours
was applied since the growth on solid medium is
slower and visualization of the colonies is clearer
after 48 hours. Minimum microbicidal concentration
was defined as the lowest concentration of essential
oil tested able to completely inhibit microbial growth
on solid medium in Petri dishes. Finally, in order to
guarantee the reproducibility of the assays, duplicate
tests were performed even at different days.

Evaluation of the effects of essential oil of
Cymbopogon citratus (DC) Stapf. on the biofilm
formed on acrylic resin disc for standard strains
of C. albicans, S. mutans and S. aureus

There were used 148 acrylic resin discs,
represented by discs for making ocular prosthesis
with pin, having diameter of 11 mm (Classico -
Articles Dental Ind. Ltd.) which were sterilized by
gamma camera (Cobalt 60) for 6 hours with 20 kGy
(Embrarad, S&o Paulo, Brazil). The micro-organisms
species were divided in the following groups: G1 (C.
albicans); G2 (S aureus); G3 (S. mutans); G4 (C.
albicans and S. aureus ); G5 (C. albicans and S.
mutans); G6 (S. aureus and S. mutans) and G7 (C.
albicans, S. aureus and S. mutans). For each group
there were used 12 acrylic resin discs for treatment
with essential oil and 12 for control group.

For biofilm formation in vitro, there were
used tissue culture test plates with 24 wells (Costar
Corning, New York, EUA). The acrylic resin discs
were placed in wells of the first rows with 2 ml of brain
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heart infusion broth (BHI) with 5% sucrose (Synth,
Brasil). For the formation of biofilms it was inoculated
0.1 ml standard suspensions with optical density
relative to 106 cells/ml of the each micro-organism
used isolated or in associations.

The acrylic resin discs used in the tests were
incubated for 5 days at 37°C and for groups with S.
mutans in microaerobic conditions. After 5 days of
biofilm growth, the biofilms in acrylic resin discs were
transferred to the second row of 24 wells of the plate
and immersed in 2 ml of saline phosphate solution
(PBS) with pH 7.4 and washed to remove loosely
bound material. After this procedure, the acrylic resin
discs were transferred to solution containing the
essential oil of C. citratus, prepared in accordance
with the minimum microbicidal concentration for each
species. The following tests were shaken for 5 min
in an orbital shaker. For the control group, the acrylic
resin discs were plated in water with Tween 80 for the
same period of time. After the stirring time, the acrylic
resin discs were plated in tubes containing 10 ml of
sterile PBS and brought to ultrasonic homogenizer
(Sonoplus HD 2200 - Bandelin Electronic), using the
power of 50 W per 30 seconds in order to disperse
the biofilm (Paradella et al., 2009, Pereira et al.,
2011). From the obtained solution, serial dilutions
were performed, of which 0.1 ml aliquots were
plated in duplicate on Sabouraud dextrose agar with
chloramphenicol (0.1 mg/ml medium) for the strain
of C. albicans, mannitol agar for S. aureus and mitis
salivarius bacitracin sucrose 5% (MSBS) agar for
S. mutans. The micro-organisms were incubated
at 37°C for 48 hours, and 5% CO, for groups with
S. mutans. After 48 hours, the numbers of colony
forming units (CFU/ml) were determined for each
acrylic resin discs and transformed into logarithm
(log10) and analyzed by t Student statistical test by
considering significance level with p < 0.05.

RESULTS

Determination of minimum inhibitory
concentration (MIC) of essential oil of Cympopogon
citratus (DC) Stapf.

The essential oil of C. citratus showed
bacteriostatic activity to all strains of Staphylococcus
spp. and S. mutans in the different concentrations.
The MIC was 0.25% up to 80% to strains of S.
aureus and 0.125% up to 60% to the strains of S.
epidermis. For S. mutans, the concentration of 0.25%
of essential oil of C. citratus inhibited 50% of strains.

The essential oil of C. citratus also showed
fungistatic activity to the strains of Candida spp. The
minimum inhibitory concentration (MIC) of essential
oil of C. citratus was 0.062% up to 70% to strains of
C. albicans and 100% to the strains of C. tropicalis.
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TABLE 1. Percentage of micro-organisms inhibited by the essential oil of Cymbopogon citratus in relation to MIC.

Micro-organisms

Percentage of dilution of the essential oil ofC. citratus*

(n=10) for each specie

Percentage of micro-organisms inhibited by the essential oil ofC. citratus

2%* 1%*  0,5%* 0,25%* 0,125%* 0,062%* 0,031%* 0,015%*
S. aureus 100 100 100 80 20 0 0 0
S. epidermidis 100 100 100 100 60 40 0 0
S. mutans 100 100 100 50 40 10 0 0
C. albicans 100 100 100 100 100 70 30 0
C. tropicalis 100 100 100 100 100 100 80 20
C. glabrata 100 100 100 100 100 50 40 10

For C. glabrata, 50% of the strains showed a MIC of
0.062% of essential oil (Table 1). In the control group,
there was bacterial growth for all strains.

Determination of the minimal microbicidal
concentration (MMC) of essential oil of
Cympopogon citratus (DC) Stapf.

The C. citratus showed microbicidal activity
against all tested strains. The MMC of the essential
oil of C. citratus was 0.5% up to 80% to strains of
S. aureus, 0.125% up to 90% to the strains of S.
epidermidis, 0.5% up to 70% to the strains of S.
mutans, and 0.125% up to 90% to the strains of C.
albicans, 100% to the strains of C. fropicalis and
60% to the strains of C. glabrata (Table 2). In the
control group there was microbiological growing for
all strains tested.

Assessment of the effects of essential oil

of Cymbopogon citratus (DC) Stapf.. on biofilm
The essential oil of C. citratus at 0.062%
showed antimicrobial activity against biofilms formed
by C. albicans isolated or in associations. There was
significant statistical differences among groups of
essential oil and control for the biofilms formed by C.
albicans (p = 0.0001), C. albicans and S. aureus (p
=0.0001), C. albicans and S. mutans (p = 0.0001),

C. albicans, S. aureus and S. mutans (p = 0.001).
These results are shown in Figure 1.

The essential oil of C. citratus at 0.5%
showed antimicrobial activity against biofilms formed
by S. aureus isolated or in associations. There was
significant statistical difference among the groups
essential oil and control for the biofilms formed with
S. aureus (p = 0.0001), S. aureus and C. albicans
(p =0.001), S. aureus and S. mutans (p = 0.0001),
S. aureus, C. albicans and S. mutans (p = 0.0001).
These results are shown in Figure 2.

Treatment with the essential oil of C. citratus
at 0.5% for the biofilm produced by S. mutans
showed antimicrobial activity on the biofilm formed
isolated or in associations. There was significant
statistical difference between groups of essential
oil and control group for the biofilms formed by S.
mutans (p = 0.0001), S. mutans and C. albicans (p
= 0.004), S. mutans and S. aureus (p = 0.013). In
the associations of C. albicans, S. aureus and S.
mutans the difference was not statistically significant
(p = 0.461). These results are shown in Figure 3.

Analyzing all control groups, it can be
observed that C. albicans and S. aureus had the
highest number of CFU/ml when the biofilm was
formed by the organism isolated in relation to the
biofilm formed by the association of these two micro-

TABLE 2. Percentage of micro-organisms inhibited by the essential oil of Cymbopogon citratus in relation to MMC

Micro-organisms

Percentage of dilution of the essential oil ofC. citratus*

(n=10) for each specie

Percentage of micro-organisms inhibited by the essential oil of C. citratus

2%* 1%* 0,5%* 0,25%* 0,125%* 0,062%* 0,031%* 0,015%*
S. aureus 100 100 80 20 0 0 0 0
S. epidermidis 100 100 100 100 90 10 0 0
S. mutans 100 100 70 20 10 0 0 0
C. albicans 100 100 100 100 90 10 0 0
C. tropicalis 100 100 100 100 100 80 20 0
C. glabrata 100 100 100 100 60 40 0 0

Rev. Bras. PI. Med., Campinas, v.15, n.4, p.474-482, 2013.



479

C.albicans
E3 Contrd
*C. albicans+S. aureus+S. mutans - E{ Oil
£ *C. albicans+S. mutans
5
[i1] *C. albicans+S. aureus
*C. albicans
0 2 4 6 8

CFU/mL (Log)

FIGURE 1. Mean and standard deviation of data of CFU/ml (Log) obtained in the testing of C. albicans biofilms isolated on
in associations. *Statistical difference (p < 0,05)
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FIGURE 2. Mean and standard deviation of data of CFU/ml (Log) obtained in the testing of S. aureus biofilms isolated on in
associations. *Statistical difference (p < 0,05)
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FIGURE 3. Mean and standard deviation of data of CFU/ml (Log) obtained in the testing of S. mutans biofilms isolated on
in associations. *Statistical difference (p < 0,05)

organisms. However, when it was considered the

association between Candida albicans and S. aureus DISCUSSION

with S. mutans, the number of CFU/ml was similar Medicinal plants have been used throughout
to the isolated biofilm (Figure 3). the world in popular medicine for medical purposes
for thousands of years. Recently, they are receiving
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considerable attention due to their pharmacological
effects such as antimicrobial, anticarcinogenic,
and antioxidant properties (Balunas & Kinghorn,
2005). Natural products have been used as a major
source of innovative and effective therapeutic agents
throughout human history, offering a diverse range of
structurally distinctive bioactive molecules (Jeon et
al., 2011). Although numerous bioactive substances
have been isolated from plants and their modes of
action have been investigated, relatively few studies
have been done in the dentistry field (Jeon et al.,
2011, Sakagami et al., 1999).

Infectious diseases caused by bacteria,
fungi, viruses and parasites are still a major threat
to public health, despite the tremendous progress in
human medicine. Theirimpact is particularly large in
developing countries due to the relative unavailability
of medicines and the emergence of widespread
drug resistance (Nostro et al., 2005). Secondary
metabolites produced by plants constitute a major
source of bioactive substances. The scientific interest
in these metabolites has increased today with the
search of new therapeutic agents from plant source,
due to the increasing development of the resistance
pattern of micro-organisms to most currently used
antimicrobial drugs (Mbosso et al., 2010).

Cymbopogon citratus is a medicinal plant
with antimicrobial properties. For the extraction of
the active ingredients of this plant there are different
methods of preparation of the leaves of C. citratus.
Among them include: hydroalcoholic, glycolic extract
and essential oil. In this study, the choice was taken
for the preparation of essential oil from leaves of
Cymbopogon citratus (DC) Stapf.

According to Onawunmini (1989), the
essential oil of C. citratus has three main components
in its composition, which are: alpha citral (geranial),
beta-citral (neral) and myrcene. That study showed
that alpha and beta citral showed antimicrobial
activity against Gram-positive and Gram-negative
bacteria. However, the component myrcene showed
no antimicrobial activity alone. Barbosa et al. (2008)
evaluated the concentration and the chemical
composition of the essential oils obtained from 12
different samples of Cymbopogon citratus. The
following compounds were found: neral, geranial,
limonene, citronellal, myrcene, and geraniol.

In the current study, it was evaluated the
action of essential oil of Cymbopogon citratus
(DC) Stapf. through the minimum inhibitory
concentration (MIC) and incubation on agar, to
determine the minimal microbicidal concentration
(MMC). Effects were observed for antibacterial and
antifungal essential oil of C. citratus for all strains of
Staphylococcus spp., Streptococcus mutans and
Candida spp.

Antimicrobial effects by using the essential

oil of C. citratus, was found by Onawunmi (1989),
who analyzed the action of essential oil at 0.05%
to Staphylococcus aureus, Bacillus subtilis and
Escherichia coli by agar diffusion method. That
author observed diameter inhibition zone of 15
mm for E. coli, and 32 mm for B. subtilis and S.
aureus, concluding that the essential oil of C.
citratus showed good antimicrobial activity even
at low concentrations. Hammer et al. (1999), also
using the agar dilution method, evaluated the
effect of essential oil of C. citratus on the following
micro-organisms: Acinetobacter baumannii,
Aeromonas veronii, Candida albicans, Enterococcus
faecalis, Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Salmonella enterica,
Serratia marcescens and Staphylococcus aureus.
In the work of Hammer et al. (1999) it was found
significant antimicrobial action of oil of C. citratus for
all organisms analyzed. The MIC of essential oil of
C. citratus was 0.06% for S. aureus and C. albicans.
These results are consistent with data obtained
in this work, where the MIC for C. albicans was
0.031% and for S. aureus 0.125%. Wannissorn et
al. (2005) found 32 antimicrobial effects of essential
oils from local plants or cultivated in Thailand, using
the agar diffusion method on strains of Salmonella
spp., Escherichia coli and Clostridium perfringens.
Among the oils tested, C. citratus showed inhibition
of 24 mm, 12 mm and 90 mm, respectively, for S.
typhimurium, E. coli and C. perfringens.

According to Hammer et al. (1999), the
comparison of data obtained in different studies is
difficult because one must take into account that the
composition of essential oil plant can vary according
to: local conditions and climate of the environment,
the technique of extraction and utilization of oil, and
the choice of microbial tests.

Although different methodologies and
different organisms analyzed, it was observed that
the essential oil of C. citratus was effective for all
tested micro-organisms used in this work and other
studies cited previously.

Biofilms represent the predominant type
of microbial growth in nature and are crucial for
developing infections, since they serve as niche
for pathogens and are associated with high levels
of antimicrobial resistance (Kuhn et al. 2002).
According to Jeon et al. (2011), Kirkpatrick et al.
(2000) biofilm has a number of advantages to the
organism, such as better communication between
cells, which facilitates the biochemical and the
increased proliferation, access to resources and
niches that could not be achieved by single cells, and
collective defense against the action of antimicrobial
agents.

In the present study, it was also analyzed the
effect of essential oil of C. citratus (DC.) Stapf. on the
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biofilm formed in acrylic resin discs, using standard
strains of S. aureus, S. mutans and C. albicans,
isolated or in associations. After the treatment
of the biofilm with essential oil of C. citratus, the
suspension containing the microbial cells were
seeded in petri dishes containing selective culture
media for each species studied. The essential oil of
C. citratus showed antimicrobial activity against all
micro-organisms studied when arranged in single
and mixed biofilms, except for S. mutans, when
associated with C. albicans and S. aureus. Also, it
was observed that in mixed biofilms of C. albicans
and S. aureus, there was a reduction in CFU/ml
(Log) of C. albicans and S. aureus in relation to the
isolated biofilms and biofilms with associations.
Baena-Monroy et al. (2005) reported that both
micro-organisms, S. aureus and C. albicans, have
high adhesion capacity in oral mucosa of the host,
causing great competition between these two
micro-organisms.

On the count of CFU/mI (Log) of S.
mutans, when organized in biofilm mixed with S.
aureus and C. albicans, there was no significant
statistical difference between the group treated
with oil of C. citratus and control groups. According
to Dunne (2003), the microbicidal effect of an
antibiotic in the biofilm occurs only on the micro-
organisms positioned in the outermost layer of the
biofilm, leaving healthy ones that are presentin the
inner layer. Those data suggest that the formation
of a biofilm composed of S. mutans, S. aureus and
C. albicans, the micro-organism S. mutans may
have occupied the position of the innermost biofilm
and thus become more resistant to essential oil
of C. citratus.

In conclusion, this investigation of
medicinal plant described here shows very
promising activity in the area of antimicrobial
agents. The essential oil of C. citratus showed
bacteriostatic activity, fungistatic and microbicide
on all strains of Staphlylococcus spp., S. mutans
and Candida species studied in this work and also
showed antimicrobial activity against S. aureus, S.
mutans and C. albicans when arranged in single and
mixed biofilms. However, further pharmacological
and toxicity studies are necessary to help the
understanding the in vitro action of the essential oil
currently in study.
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