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Cymbopogon citratus essential oil: 
effect on polymicrobial caries-related 
biofilm with low cytotoxicity

Abstract: The objective of this study was to evaluate the effects 
of Cymbopogon citratus essential oil and its main compound (citral) 
against primary dental colonizers and caries-related species. 
Chemical characterization of the essential oil was performed by gas 
chromatography/mass spectroscopy (GC/MS), and the main compound 
was determined. Antimicrobial activity was tested against Actinomyces 
naeslundii, Lactobacillus acidophilus, S. gordonii, S. mitis, S. mutans, S. sanguinis 
and S. sobrinus. Minimum inhibitory and bactericide concentrations 
were determined by broth microdilution assay for streptococci 
and lactobacilli reference, and for clinical strains. The effect of the 
essential oil on bacterial adhesion and biofilm formation/disruption 
was investigated. Negative (without treatment) and positive controls 
(chlorhexidine) were used. The effect of citral on preformed biofilm was 
also tested using the same methodology. Monospecies and microcosm 
biofilms were tested. ANOVA or Kruskal-Wallis tests were used (α=0.05). 
Cytotoxicity of the essential oil to human keratinocytes was performed 
by MTT assay. GC/MS demonstrated one major component (citral). The 
essential oil showed an inhibitory effect on all tested bacterial species, 
including S. mutans and L. acidophilus. Essential oil of C. citratus (10X 
MIC) reduced the number of viable cells of lactobacilli and streptococci 
biofilms (p < 0.05). The essential oil inhibited adhesion of caries-related 
polymicrobial biofilm to dental enamel (p < 0.01). Citral significantly 
reduced the number of viable cells of streptococci biofilm (p < 0.001). 
The essential oil showed low cytotoxicity to human keratinocytes. Based 
on these findings, this study can contribute to the development of new 
formulations for products like mouthwash, against dental biofilms.
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Introduction

Dental caries still affect children and adults worldwide.1 Three peaks 
of growing burden of untreated caries have recently been reported at ages 
6, 25 and 70,2 evidencing that this disease is still relevant in public health. 

Microorganisms in dental biofilm are related to the initiation and 
progression of carious lesions. They adhere to dental surfaces and organize 
themselves functionally into communities, modifying the environment to 
favor their growth and survival.3 Fermentable carbohydrate-rich diet favors 
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the proliferation of cariogenic species, producing 
considerable levels of lactic acid,4 which reduces 
the pH level and favors enamel demineralization, 
resulting in carious lesions.5

Mouthwashes and dentifrices are recommended 
for dental biofilm control as adjuncts to mechanical 
removal.6,7 Chlorhexidine digluconate is considered the 
gold standard antimicrobial substance.8 Nonetheless, 
the occurrence of adverse effects, such as dental 
staining and hypersensitivity reactions, has 
encouraged the search for new molecules.8

The promising potential of natural substances 
against cariogenic microorganisms, and their 
application in the development of preventive and 
therapeutic products, has been explored in recent 
years.9,10 There are already some commercially 
available formulations of mouthwashes and dentifrices 
containing natural substances.11,12  Previous studies 
have reported the effects of natural substances on 
microbial growth, polysaccharides synthesis and 
dental biofilm formation.13 Essential oils are complex 
mixtures of volatile hydrophobic substances obtained 
from secondary plant metabolites. In general, their 
antimicrobial effects are related to alterations in the 
permeability and integrity of bacterial cell membranes.14

 A recent study15 showed the antimicrobial activity 
of Cymbopogon citratus (Poaceae) extract on standard 
strains and clinical streptococci isolates. Additionally, 
previous studies16,17,18 tested the activity of C. citratus 
essential oil on Streptococcus mutans monospecies 
biofilm. These studies pointed to the promising 
potential of this natural substance for application in 
anti-caries products. Nonetheless, considering the 
complexity of cariogenic biofilm formation, further 
in-depth studies are still needed to support clinical 
application. The effects of this substance on the biofilm 
formation process, polymicrobial caries-related biofilm 
and other cariogenic species are still unknown. 

To the best of our knowledge, this is the first 
study to evaluate the effects of   C. citratus essential 
oil on polymicrobial biofilms involved in the 
initiation/progression of dental caries. We also aimed 
to evaluate its effects on dental primary colonizers, 
adhesion to dental enamel and microcosm biofilm 
formation. Chemical characterization and cytotoxicity 
evaluation of the essential oil were also performed. 

Lastly, an investigation was made into whether 
citral, the main isolated compound of the essential 
oil, is responsible for its bioactivity. 

Material and methods

Essential oil and isolated compound
The essential oil of C. citratus leaves was obtained 

commercially from Laszlo Aromaterapia Ltda. 
(Belo Horizonte, Brazil). Citral was purchased from 
Sigma-Aldrich Co. (St. Louis, USA).

Chemical analysis of the essential oil
Chemical characterization was performed using 

gas chromatography/mass spectroscopy (GC/MS) 
(Shimadzu, Japan). Gas chromatography with electron 
impact mass spectrometry (GC/EIMS) (70 eV) 
analysis was carried out using a Shimadzu GC/MS 
spectrometer (GC-2010). A Durabond-DB5 capillary 
column (30 m x 0.25 mm, 0.25 μm film thickness) (J&W 
Scientific) was operated at 60°C for 3 min and then 
programmed for 60–220°C at 5°C/min, after which 
it was kept under isothermal conditions at 220°C for 
5 min. The carrier gas was helium (purity of 99.99%) 
(1 ml/min), and the injector temperature was 250°C. 
The analyses were performed in a split injector mode 
(1:30). The essential oil components were identified 
by comparing their retention indexes (relative to 
n-alkanes) and mass spectra with those found in the 
literature.19,20 They were then stored in a spectrometer 
database. The analyses were performed in triplicate.

Microorganisms and growth conditions
All of the experiments involving microorganisms 

used brain heart infusion (BHI) broth (Himedia, 
Mumbai, India) with propylene glycol (9:1, v/v) 
as the negative control, and 1.2 mg ml-1 chlorhexidine 
digluconate (Periogard, Colgate-Palmolive®, São Paulo, 
Brazil) as the positive control. These experiments 
were done in duplicate.

The following reference strains were included in this 
study: Actinomyces naeslundii ATCC 19039, Lactobacillus 
acidophilus ATCC 4356, Lactobacillus acidophilus ATCC 
10558, Streptococcus mitis ATCC 9811, S. mutans 
ATCC 35688, Streptococcus sanguinis ATCC 10556 and 
Streptococcus sobrinus ATCC 33478. The samples were 
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kept in BHI broth (Himedia, Mumbai, India) and 20% 
(v/v) glycerol (Synth, Diadema, Brazil) at -80°C. 

The samples were plated on BHI agar for 24 h (all 
streptococci and L. acidophilus) or 72 h (A. naeslundii) 
prior to the experiment. The following oxygen tensions 
were used throughout the experiment: A. naeslundii: 
oxygen-free atmosphere generated by AnaeroGen 
(Oxoid); lactobacilli: aerobiosis; and streptococci: 
5% CO2. All incubations were performed at 37°C.

After this period, standardized suspensions 
containing 107 cells ml-1 in saline solution (NaCl 
0.9%) (Synth, Diadema, Brazil) were prepared using 
a spectrophotometer (B-582, Micronal, São Paulo, 
Brazil). Previously standardized wavelength and 
optical density parameters were used: S. mutans 
and S. sobrinus A398 = 0.620; S. sanguinis and S. mitis 
A398 = 0.720; S. gordonii A398 = 0.520; A. naeslundii 
A550 = 0.125; and L. acidophilus A307 = 0.269. 

Additionally, clinical isolates of mutans streptococci 
(n = 12) and lactobacilli   (n = 20) were obtained from 
carious dentine. The samples were collected from 
carious lesions of molars of 20 children, aged 5 to 11 
years. The Local Ethics Committee previously approved 
these procedures (protocol #096/2011-PH/CEP). 
The carious dentine was collected with the aid of a 
curette, and transferred to tubes containing 1 ml of 
phosphate-buffered saline (PBS, pH 7.0) solution. The 
samples were homogenized under sonication, and a 
volume of 0.1 ml was plated in Mitis Salivarius sucrose 
bacitracin agar (Himedia, Mumbai, India) and Rogosa 
agar (Himedia, Mumbai, India), supplemented with 
glacial acetic acid (Synth, Diadema, Brazil) to isolate 
mutans streptococci and lactobacilli, respectively. The 
plates were incubated for 48 h at 37°C and 5% CO2. Pure 
isolates were obtained and stored in BHI 15% glycerol 
at -80°C until use. 

Finally, stimulated human saliva was collected 
from 2 volunteers to establish an in vitro polymicrobial 
biofilm, according to a previously described 
methodology.21 The protocol was previously 
approved by the Local Ethics Committee (protocol 
#096/2011-PH/CEP). Stimulated saliva (20 ml) was 
collected and filtered in sterile gauze to remove solid 
residues. The saliva was maintained on ice during 
the procedure. Next, the saliva was diluted in sterile 
glycerol 7:3 (v/v) and stored at -20°C until use. 

Agar well diffusion test
The susceptibility of the reference strains 

(A. naeslundii ATCC 19039, L. acidophilus ATCC 4356, 
S. gordonii ATCC 10558, S. mitis ATCC 9811, S. mutans 
ATCC 35688, S. sanguinis ATCC 10556 and S. sobrinus 
ATCC 33478) to the essential oil in its pure form was 
evaluated by the double-layer agar well diffusion test, 
using previously described methodology.22 Growth 
inhibition halos were measured after incubation for 
24 h using a colony counter with 1.5X magnification 
(CP 600 Plus, Phoenix, Brazil). The data were analyzed 
using descriptive statistics.

Minimum Inhibitory (MIC) and Bactericide 
Concentration (MBC) determination

The minimum inhibitory concentrations (MIC) 
and minimum bactericide concentrations (MBC) 
were determined for reference strains and clinical 
isolates of Streptococcus spp. and Lactobacillus spp. MIC 
and MBC were determined using the microdilution 
reference method recommended by the Clinical and 
Laboratory Standards Institute (CLSI) M07-A9,23 with 
modifications. Concentrations ranging from 0.08 to 
50 mg ml-1 of essential oil and 0.078 to 43 mg ml-1 of 
citral were obtained in culture medium (BHI broth). 
After the inoculation of standardized suspensions 
(10 µl), the microtiter plates were incubated for 24 h. 
MIC was determined by visual reading, compared 
with growth control. The MIC values were determined 
as the minimum concentration able to inhibit 50% of 
bacterial growth. Subcultures in the BHI agar of all 
wells were made for the purpose of determining MBC, 
and thus evaluate bacterial growth. Chlorhexidine 
digluconate (Periogard, Colgate-Palmolive®, São Paulo, 
Brazil) was used as the positive control. 

The data were analyzed using descriptive statistics. 
Cumulative inhibition was calculated to express the 
results obtained for the clinical isolates.

Effects of the essential oil on bacterial 
adhesion to human dental enamel

The teeth included in the study were extracted 
from patients under treatment at São José dos Campos 
Dental School for periodontal or prosthetic reasons. This 
protocol was approved by the Local Ethics Committee 
(protocol #096/11-PH/CEP). The teeth were disinfected 
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and cleaned, so as to remove biofilm and dental 
calculus. Standardized specimens of 2 x 2 mm were 
obtained, and the dentine was isolated with nail varnish 
(Colorama, L’Oreal, São Paulo, Brazil). The specimens 
were sterilized using gamma-cobalt 60 radiation 
(25 kGy/6h; IPEN-CNEN/SP, São Paulo, Brazil).

The specimens were randomly divided into 3 
groups (n = 15): C. citratus essential oil, positive control 
(mouthwash containing 1.2 mg ml-1 chlorhexidine 
digluconate) and negative control. Enamel samples 
were transferred to 96-well plates containing 75 μl of 
BHI, supplemented either with 75 μl of a sub-inhibitory 
concentration (50% MIC) of the essential oil, or with the 
controls plus 3 µl of inoculum of the polymicrobial species.

After incubation for 24 h under anaerobiosis and 
agitation (80 rpm), the specimens were transferred 
to tubes containing 2 ml of saline, and the cells that 
adhered to the enamel surface were dispersed by 
vortexing (1 minute) and sonication (3 cycles of 15 s 
with an interval of 10 s; amplitude 50; 15 W) (Misonix 
Inc., NY, USA). The suspension was diluted, and 0.1 ml 
was inoculated in BHI agar. The plates were incubated 
for 24 h under anaerobiosis. Afterwards, the colony 
forming units (CFUs)/specimen were determined. 

Effects of the essential oil on preformed 
biofilm (short treatment exposure time)

Biofilms of reference strains and clinical isolates 
were formed on glass coverslips (Kasvi, Curitiba, 
Brazil) suspended in a 12-well cell culture plate. The 
microorganisms used were S. mutans ATCC 35688, 
L. acidophilus ATCC 4356, and five selected clinical 
isolates of mutans streptococci and lactobacilli 
obtained from carious dentine, as described above.

Volumes of 1.5 ml BHI plus 20% sucrose (Synth, 
Diadema, Brazil) and 30 µL of the inoculum were 
added to each well. The plates were incubated for 
up to 48 h at 37°C (5% CO2 for mutans streptococci), 
in an orbital shaker table (Inbras-Eriez Equipamentos, 
Diadema, Brazil) at 80 rpm. The culture medium was 
changed after 8 hours (for maintenance of adherent 
cells only), and then 24 h after start of incubation.

After 48 h of incubation, the coverslips containing 
the biofilms were washed in sterile saline solution and 
subsequently exposed to the essential oil in concentrations 
of 2, 4 and 10 times the MIC for 60 seconds. The negative 

control was not submitted to any treatment, and the 
positive control was treated with mouthwash containing 
chlorhexidine digluconate at 1.2 mg ml-1.

After treatment, the coverslips were washed in 
sterile saline solution and sterile distilled water, and 
subsequently transferred to tubes containing 8 ml of 
saline. The coverslips were vortexed for 1 minute and 
sonicated for 5 min to dissipate the adhered cells in the 
biofilm. The resulting suspension was serially diluted, 
and plated onto BHI agar. After incubation for 24 h at 
37°C (5% CO2 for S. mutans), the CFU/specimen values 
were obtained. All the tests were performed in duplicate.

Effects of the essential oil on preformed 
polymicrobial biofilm (medium treatment 
exposure time)

Microcosm polymicrobial biofilms from saliva 
were formed on glass discs (ø 13 mm, Glasscyto, 
São Paulo, Brazil) and a custom-designed lid was 
used to attach the glass discs to the standard 24-well 
plates, as described by Exterkate et al.24 After 48 h 
of incubation, the biofilms were washed in saline 
solution and immersed in a solution of essential 
oil/propylene glycol at 2, 4 and 10 times the MIC of 
C. citratus essential oil for 60 min. The experiments 
were performed in duplicate. Mouthwash containing 
chlorhexidine digluconate at 1.2 mg ml-1 was used as 
the positive control. The negative control specimens 
were immersed in sterile distilled water.  

After 60 minutes of treatment, the glass discs 
were washed in saline solution and the biofilms were 
re-suspended in saline by vortexing (1 minute) and 
sonication (3 cycles of 15 s each, with a 10s interval 
between each cycle; amplitude 50; 15 W) (Misonix 
Inc., Farmingdale, USA). The suspension was diluted, 
and 0.1 ml was inoculated into BHI agar. The plates 
were incubated for 24 h under anaerobiosis. After this 
period, the number of colonies was obtained and the 
CFUs/specimen were calculated. All the tests were 
performed in duplicate.

Effect of citral (major compound) on biofilm 
formed on dental enamel specimens

The biofilm on dental enamel specimens was 
formed with S. mutans ATCC 35688, which is 
supposedly the most difficult to treat, since it presents 
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a higher MIC value. The teeth used in this procedure 
were obtained and prepared as described above.

Tooth fragments (n = 12) were placed in a 24-well cell 
culture plate containing 1.5 mL of BHI broth and 30 µL 
of the inoculum. The growth conditions were the same 
as the biofilm on the glass coverslips, as described above. 
The negative control group (n = 12) was not exposed to 
any treatment, and the positive control group (n = 12) 
was exposed to mouthwash containing 1.2 mg ml-1 
chlorhexidine digluconate. After treatment (60 seconds), 
the dental enamel specimens were transferred to tubes 
containing 1 ml of saline solution, and the adhered cells 
were dispersed by vortexing (1 minute) and sonication. 
The resulting suspension was serially diluted, inoculated 
into BHI agar and incubated at 37°C in 5% CO2 for 24 
h to obtain the CFU/specimen values.

Cytotoxicity assay of the essential oil
A human keratinocyte (HaCaT) cell line was grown 

in Roswell Park Memorial Institute (RPMI) 1640 Medium 
(Gibco BRL, Life Technologies), supplemented with 
5% of inactivated fetal bovine serum (FBS) (Cripion 
Biotecnologia LTDA, Andradina, Brazil) and penicillin: 
streptomycin (Sigma, Detroit, USA) (1000 µg/ml: 
1000 UI/ml, 1 ml/l). The cells (3.6 × 104 cells/ml, 100 µl 
cells/well) were exposed to varying concentrations of 
essential oil (0.25–250 µg /ml, 100 µl /well) in 96-well 
plates (Kasvi, Curitiba, Brazil), with dimethyl sulfoxide 
(DMSO)/RPMI1640 (1:99, v/v), and were maintained 
at 37 °C in 5% CO2 for 48 h. Before and after 48 h, the 
bioactivity was evaluated using the MTT colorimetric 
method at 570 nm.25 Untreated cells and DMSO/RPMI 
1640-FBS 5% (1:99, v/v) were used as the negative control. 
Doxorubicin at 50 µg/ml was included as the positive 
control. This experiment was performed in triplicate.

 The results were expressed as a percentage of 
viable cells (%), using the number of cells grown in 
wells without compounds as the negative control.

Statistical analyses
Data of the number of S. mutans cells in biofilms 

after treatment with citral and the control groups 
were compared by one-way ANOVA and Tukey’s 
Multiple Comparison post hoc test, or Kruskal-Wallis 
and Dunn’s Multiple Comparison Test. The level of 
significance was set at 5%. 

Results

Chemical analysis of the essential oil
The CG/MS analysis of the essential oil showed the 

presence of cis-citral or neral (34.1%) and trans-citral 
or geranial (46.6%) monoterpenes. Citral, in its cis and 
trans forms, thus was the major component responsible 
for more than 80% of the oil composition (Table 1).

The compounds are listed in order of their 
elution from a DB-5 column; the coefficients of 
variation obtained in these analyses were below 
5%. a) Identification based on mass spectra, RI and 
computer matching of the mass spectra with the 
NIST 1998 library (quality level greater than 90%); 

Table 1. Chemical composition (%) of Cymbopogon citratus 
leaf essential oil. 

Number Compounda RIb RIc
Composition 

(%)

1 6-methyl-5-hepten-2-one 987 985 1.1

2 b-myrcene 992 991 6.8

3 cis-beta-ocimene 1038 1040 0.2

4 trans-beta-ocimene 1048 1050 0.2

5 Linalool 1101 1098 1.0

6 trans-2,8-mentadienol 1106 1111 0.2

7 Verbenol 1141 1140 0.2

8 trans- chrysanthemal 1151 1150 0.4

9 Citronellal 1154 1153 0.3

10 b-terpineol 1166 1159 0.9

11 a-terpineol 1184 1189 1.5

12 cis-citral (neral) 1248 1240 34.1

13 Geraniol 1259 1255 1.1

14 trans-citral (geranial) 1279 1270 46.6

15 2-undecanone 1296 1291 0.2

16 b-caryophyllene 1424 1418 0.2

17 a-trans-bergamoteno 1439 1436 0.2

18 2-tridecanona 1497 1496 0.3

19 caryophyllene oxide 1589 1583 0.1

20 seline-6-en-4-ol 1625 1615 0.1

21 cembrene A 1960 1959 0.4

  Total identified     96.1

  Monoterpenes     71.0

  Sesquiterpenes hydrocarbons   3.7

  Oxygenated sesquiterpenes   19.2
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b) published retention index; c) experimental retention 
index on a DB-5 column. The major components are 
identified in bold. 

Agar well diffusion test
C. citratus essential oil showed inhibitory effects on 

the tested reference strains in the agar well diffusion test, 
with halo diameters ranging from 8 to 16 mm (Table 2). 
The negative control used as the diluent (propylene 
glycol) for the essential oil showed no inhibitory activity 
against the evaluated microorganisms. 

Determining Minimum Inhibitory 
Concentration (MIC) and Minimum 
Bactericide Concentration (MBC)

The MIC and MBC values obtained for the reference 
strains are shown in Table 3. The inhibitory and 
bactericidal activities were observed against all 
tested species. The MIC values ranged from 1.32 to 
2.61 mg ml-1 for the essential oil, and from 0.02 to 
0.18 mg ml-1 for the positive control (chlorhexidine 
digluconate). The MBC values ranged from 2.61 to 
10.54 mg ml-1 for the essential oil, and from 0.04 to 
0.18 mg ml-1 for the positive control. The MIC and 
MBC values for the isolated compound (citral) ranged 
from 1.33 and 11.1 mg ml-1, respectively (Table 3).

C. citratus essential oil showed bactericidal and 
bacteriostatic effects against all clinical isolates of 
Lactobacillus spp. and mutans streptococci (Figure 1a). 
Among the lactobacilli clinical isolates, 70% showed 
MIC values lower than or equal to the reference strain 
(1.32 mg ml-1), and 60% showed MBC values lower than 
or equal to the reference strain (2.61 mg ml-1). As for the 
positive control (chlorhexidine digluconate), 90% the 
oral isolates showed MIC values lower than or equal 
to those of the reference strain (0.02 mg ml-1), and 100% 
of the oral isolates showed MBC values lower than or 
equal to the reference strains (0.09 mg ml-1) (Figure 1b). 

In regard to the oral isolates of mutans streptococci, 
33% showed MIC values lower than or equal to the 
reference strain (2.61 mg ml-1), whereas 92% showed 
MBC values lower than or equal to the reference strain 
(10.54 mg ml-1) (Figure 1c). As for the chlorhexidine 
digluconate, 42% of the oral isolates showed MIC and 
MBC values lower than or equal to those of the reference 
strain (0.04 and 0.18 mg ml-1, respectively) (Figure 1d).

Effects of the essential oil on bacterial 
adhesion to human dental enamel

Essential oi l and mouthwash containing 
chlorhexidine digluconate at 1.2 mg ml-1 reduced 
the number of adhered cells (n = 15 for each group) 
100% and 69%, respectively. The mean ± SD values 
(CFU/specimen) of adhered cells for the control, 
essential oil at ½ MIC and mouthwash containing 
chlorhexidine digluconate at 1.2 mg ml-1 were, 
respectively, (8.7 ± 10.7)×106, 0, (2.7 ± 8.0)×105. The 
difference between the essential oil group and the 

Table 3. Minimum inhibitory concentration (MIC) and 
minimum bactericide concentration (MBC) (mg ml-1) of C. 
citratus essential oil (1:9 (v/v in propylene glycol), the isolated 
compound (citral) and the positive control (mouthwash 
containing chlorhexidine digluconate at 1.2 mg m-1) against 
the reference strains.

Microorganisms
Essential oil Citral Positive control

MIC MBC MIC MBC MIC MBC

Streptococcus mutans 
ATCC 35688

2.61 10.54 2.75 11.1 0.04 0.18

Streptococcus gordonii 
ATCC 10558

1.32 5.23 NA NA 0.09 0.18

Streptococcus 
sanguinis ATCC 10556

2.61 10.54 NA NA 0.04 0.09

Streptococcus. sobrinus 
ATCC 33478

2.61 10.54 NA NA 0.02 0.04

Streptococcus mitis 
ATCC 9811

2.61 5.23 NA NA 0.18 0.18

Lactobacillus acidophilus 
ATCC 4356

1.32 2.61 1.33 2.75 0.02 0.09

Actinomyces naeslundii 
ATCC 19039

1.32 5.23 NA NA 0.02 0.04

NA: not available

Table 2. Inhibition halos (average; mm) obtained from 
C. citratus essential oil (9:1 (v/v) in propylene glycol) and 
the positive control (mouthwash containing chlorhexidine 
digluconate at 1.2 mg ml-1) against the reference strains.

Microorganisms
Essential 

oil
Positive 
control

Streptococcus mutans ATCC 35688 11 17

Streptococcus gordonii ATCC 10558 10 20

Streptococcus sanguinis ATCC 10556 10 19

Streptococcus. sobrinus ATCC 33478 11 24

Streptococcus mitis ATCC 9811 19 22

Lactobacillus acidophilus ATCC 4356 8 13

Actinomyces naeslundii ATCC 19039 16 25
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mouthwash containing chlorhexidine digluconate 
at 1.2 mg ml-1 group was statistically significant, 
with a p value lower than 0.05 (Kruskal-Wallis/ 
Dunn’s test). The difference between the essential 
oil and the positive control groups was statistically 
significant as well, with a p value lower than 0.0001 
(Kruskal-Wallis/ Dunn’s test).

Effects of the essential oil on preformed 
biofilm (short treatment exposure time) 

After a short treatment exposure time (60 seconds), 
there was a reduction in the number of viable cells 

of the lactobacilli biofilm after all treatments. The 
mean ± SD (CFU/specimen) values for the control, 
essential oil at 2X, 4X and 10X MIC and mouthwash 
containing chlorhexidine digluconate at 1.2 mg ml-1 were, 
respectively, (4.9 ± 6.7)×108, (2.3 ± 3.0)×107, (1.9 ± 3.2)×107, 
(2.0 ± 2.5)×106 and (1.0 ± 2.2)×107. However, this reduction 
was statistically significant (p value lower than 0.01, 
Kruskal-Wallis/ Dunn’s test) only for essential oil of 
C. citratus at 10 times the MIC (Figure 2a). 

There was also a reduction in the number of viable 
cells of the streptococci biofilm after all treatments. 
The mean ± SD (CFU/specimen) values for the control, 

A) Lactobacillus spp. B) Lactobacillus spp.

C) Streptococcus mutans D) Streptococcus mutans
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Figure 1. Cumulative inhibition for the minimum inhibitory concentration (MIC; solid lines) and minimum bactericidal concentration 
(MBC; dotted lines) of C. citratus essential oil (circular markers) and the positive control (chlorhexidine digluconate, CHX; squared 
markers). A) MIC and MBC of the essential oil for clinical isolates of Lactobacillus spp.; B) MIC and MBC of chlorhexidine digluconate 
(positive control) for clinical isolates of Lactobacillus spp.; C) MIC and MBC of the essential oil for clinical isolates of mutans 
streptococci; D) MIC and MBC of chlorhexidine digluconate (positive control) for clinical isolates of mutans streptococci. MIC and 
MBC values for reference strains are highlighted with gray squares and triangles respectively.
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essential oil at 2X, 4X and 10X MIC and mouthwash 
containing chlorhexidine digluconate at 1.2 mg 
ml-1 were, respectively, (7.4 ± 8.3)×108, (2.4 ± 5.3)×108, 
(9.5 ± 20.8)×107, (4.1 ± 9.4)×107 and (1.7 ± 2.7)×108. 
However, this reduction was statistically significant 
(p value lower than 0.05, Kruskal-Wallis/ Dunn’s test) 
only for essential oil of C. citratus at 10 times the MIC 
(Figure 2b). Essential oil at 10 times the MIC induced 
a higher reduction in the number of viable cells than 
mouthwash containing chlorhexidine digluconate 
for Lactobacillus ssp. and S. mutans biofilms, although 
there was no statistical difference between them.

Effects of the essential oil on preformed 
polymicrobial biofilm (medium treatment 
exposure time)

In the polymicrobial biofilms formed on the glass 
surface, the number of viable cells was reduced 
after treatment for 60 minutes with essential oil 
at 2, 4 and 10 times the MIC for reference strains. 
The negative control recorded no activity on the 
biofilms. The mean ± SD (CFU/specimen) values for 
the control, essential oil at 2X, 4X and 10X MIC and 
mouthwash containing chlorhexidine digluconate 
at 1.2 mg ml-1 were, respectively, (1.4 ± 0.3)×107, 0, 0, 

0 and (1.2 ± 0.2)×105. The viable cell reduction in the 
treatment groups (essential oil and chlorhexidine) 
was statistically significant (p value lower than 0.01, 
ANOVA/ Tukey’s test).

Effect of citral (major compound) on biofilm 
formed on dental enamel specimens

Treatment of S. mutans biofilm on dental enamel 
with 27.5 mg ml-1 of citral and mouthwash containing 
chlorhexidine digluconate at 1.2 mg ml-1 significantly 
reduced the number of viable cells (p < 0.001) (Figure 3). 
There was no significant difference between these 
treatments (p > 0.05).

Cytotoxicity assay of essential oil
The cytotoxic effect of C. citratus essential oil 

against a human keratinocyte (HaCaT) cell line was 
evaluated in the range of 0.25 to 25 mg ml-1. After 
exposure to 0.25 mg ml-1, the cell viability rate was 
98%; this value reached 85% in the presence of 25 mg 
ml-1 (10 times the MIC) of oil. The negative control, 
DMSO/RPMI 1640 (1:99, v/v), did not affect the cell 
viability of 100% (3.6 x 104 cells/ml). Doxorubicin at 
50 µg/ml, used as the positive control, showed a cell 
viability of 0%.

Figure 2.  CFU/specimen in biofilm formed with reference strains and clinical isolates treated for 60 seconds after 48 hours of 
growth. A) Lactobacilli biofilm: MIC 2X, 4X and 10X of essential oil: 2.64, 5.28 and 13.2 mg ml-1 respectively; B) Streptococci 
biofilm: MIC 2X, 4X and 10X of essential oil: 5.22, 10.44 and 26.10 mg ml-1 respectively. CHX: mouthwash containing 
1.2 mg ml-1 of chlorhexidine digluconate (positive control). The mean ± SD (n = 6 for each group) was shown in the scatter 
plot. Kruskal-Wallis test and Dunn’s Multiple Comparison test were used to compare data against the control data. * p < 0.05; 
** p < 0.01; ns: not significant.
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Discussion

This study was delineated to include both initial 
dental colonizers and cariogenic species (S. gordonii, 
S. mitis, S. sanguinis, S. sobrinus, Actinomyces naeslundii, 
L. acidophilus and S. mutans), taking into account the 
complexity of cariogenic biofilm formation dynamics. 
The chemical composition, antimicrobial potential and 
cytotoxicity of C. citratus essential oil were investigated.

The GC/MS analysis detected more than 80% of 
citral in the oil composition. Citral was then used 
in some tests to investigate whether it was the main 
agent responsible for the antimicrobial activity of 
the essential oil.

The agar diffusion test was initially used to evaluate 
the antimicrobial activity of the essential oil. This is 
an easily performed test frequently used to screen the 
antimicrobial activity of natural products.26 Because 
an agar diffusion test is a semi-quantitative analysis, 
the diffusion capability of the testing compound may 
have been influenced by the chemical composition 
of the oils.27 For this reason, other tests with higher 
sensitivity were performed for the present study. These 

tests not only evaluated the antimicrobial activity of 
the essential oil using bacteria in suspension (MIC and 
MBC evaluation), but also how well it could prevent 
biofilm formation or kill the cells in a preformed 
structured biofilm. The analyses also included an 
assessment of the MIC and MBC of clinical isolates 
from carious dentine.

MIC (1.32 to 2.61 mg ml-1) and MBC (2.61 to 
10.54 mg ml-1) values for the essential oil were similar to 
those obtained in a previous study, which showed the 
MIC of different extracts of C. citratus values ranging 
from 2.5 mg ml-1 to 10 mg ml-1 for streptococci species.15 
C. citratus essential oil presented antimicrobial 
activity against several cariogenic species, including 
Streptococcus mutans and Lactobacillus acidophilus, which 
are frequently isolated from established carious 
cavities.5 These microorganisms were selected to 
perform further experiments in the present study.

 The MIC and MBC values of citral on Streptococcus 
mutans and Lactobacillus acidophilus were very similar 
to those of the essential oil (Table 3), thus suggesting 
that citral was the main agent responsible for the 
antimicrobial activity of the oil.

In addition to evaluating antimicrobial activity in 
suspension, the authors found that C. citratus essential oil 
could promote promising antimicrobial activity against 
cariogenic bacteria in biofilms. The effects of the essential 
oil on bacterial adhesion to human dental enamel was 
initially tested. The results suggested that C. citratus 
essential oil significantly inhibited microorganisms 
from adhering to enamel surfaces. Inhibiting initial 
adhesion to enamel surfaces will inhibit all subsequent 
phases of biofilm formation in a cascade process.

The effect of the essential oil on preformed biofilm 
could be seen even after a short exposure time 
(60 seconds). However, the most significant results were 
obtained with a medium exposure time (60 minutes). 
In perspective, it would thus be interesting to develop 
formulations containing the present essential oil 
incorporated in a sustained release system that 
increases the drug exposure time and maintains the 
effective concentration in the oral cavity. Alternative 
formulations have been proposed to enhance the 
antimicrobial action of natural products, including 
chewing gum,28 sustained drug release systems29,30 
and denture relining with resilient materials.31 This 
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Figure 3. CFU / specimen of S. mutans ATCC 35688 
biofilm in dental enamel without treatment (Negative Control, 
n = 11), treated with citral (n = 12), or mouthwash containing 
chlorhexidine digluconate at 1.2 mg ml-1 (CHX, positive 
control, n = 12). The results were showed as mean ± SD. 
One-way ANOVA and Tukey’s Multiple Comparison post 
hoc test were used to compare data against the control data. 
*** p < 0.001; ns: not significant.
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promising antimicrobial and antibiofilm potential may 
be applied as a basis for developing new preventive 
and therapeutic agents for dental caries. 

To the best of our knowledge, this was the first 
time that the effect of C. citratus essential oil against 
polymicrobial biofilm was investigated. According 
to Cheng et al.,21 polymicrobial biofilms obtained 
from human saliva are a useful model to evaluate 
antimicrobial activity.

Previous studies indicate that drug concentrations 
higher than the MIC are required to achieve an 
antibiofilm effect.32,33 In this study, preformed biofilms 
were eliminated at 2, 4 and 10 times MIC concentrations. 
The finding that C. citratus essential oil was able to 
eliminate preformed biofilm, even at concentrations 
close to MIC, points to this oil as a promising compound 
to incorporate into pharmaceutical formulations for 
oral use. The additive effect of adhesion inhibition and 
biofilm disruption is an important feature of C. citratus 
essential oil, because it could be used in two different 
clinical approaches: as an initial attack to revert the 
high caries risk of a patient while good oral hygiene 
habits are being acquired, and during the patient’s 
preventive oral maintenance.

For the purpose of investigating whether citral 
could act on biofilm, in a way similar to the essential 
oil, a biofilm that requires a higher concentration 
of the oil to treat preformed streptococci biofilm in 
48 h was selected. The results showed that citral was 
significantly effective in disrupting this mature biofilm, 
thus reinforcing the finding that the antibacterial 
activity of C. citratus essential oil can be attributed to 
high concentrations of citral (more than 80%).

Plants produce natural products and secondary 
botanical compounds that can repel or kill other 
species, and thus be toxic to cells.34 Nonetheless, 
C. citratus essential oil was not cytotoxic, according 
to the classification by Sletten and Dahl,35 which 
considers a drug as severely, moderately or slightly 
cytotoxic, when the viability relative to the controls 
is less than 30%, between 30% and 60%, or greater 
than 60%, respectively. It is worth citing that the 
cytotoxicity of chlorhexidine has been demonstrated, 
although it is still considered the gold standard 
substance for application in mouth rinses. Balloni 
et al.36 showed that chlorhexidine significantly 
reduced fibroblast and keratinocyte cell numbers 
in a short period of time. 

Taken together, current data show that C. citratus 
essential oil has promising antimicrobial activity 
against primary dental colonizers and cariogenic 
species, and low cytotoxicity. The results suggest 
that citral may be responsible for the antimicrobial 
activity. These data point to the potential of this 
essential oil for the prevention of dental caries. 
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