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ESSENTIAL OILS OF CymsopoGoN sp. IN THE CONTROL
OF FOODBORNE PATHOGENIC BACTERIA*

BABSTRACT: In this study, the agar well diffusion
technique was used to determine the antibacterial activity
of Cymbopogon nardus (citronella) and Cymbopogon
citratus (lemongrass) essential oils, which were applied at
different concentrations. The bacterial species used were the
foodborne pathogens Staphylococcus aureus, Escherichia
coli and Pseudomonas aeruginosa. Both essential oils
presented antibacterial activity in most concentrations
tested. The Minimum Inhibitory Concentrations (MICs)
founded were: 7.81puL/mL (S. aureus) and 3.90uL/mL (E.
coli and P. aeruginosa), for C. nardus essential oil; and
3.90uL/mL (S. aureus, E. coli and P. aeruginosa), for C.
citratus essential oil. The essential oils used were shown
as promising natural antibacterials for pathogenic bacteria
control in the food industry.

BKEYWORDS: Bacterial pathogens; food microbiology;
natural antibacterials; agar well diffusion technique.

INTRODUCTION

Currently, the microbiological contamination of
foods constitutes one of the biggest dangers from a public
health point of view. The presence of microorganisms
in foodstuffs can be related, mainly, to contaminated
raw material, flaws in the sanitization procedures, use of
water with poor microbiological quality and food handlers
with inappropriate hygienic practices. Once present in
food, some bacteria, called pathogenic, can cause food-
transmitted diseases. Among the species frequently involved
in outbreaks are Staphylococcus aureus, pathogenic
Escherichia coli 15243 and Pseudomonas aeruginosa,
that can be mentioned as one of the prevalent species in
waterborne diseases. %1331

In order to ensure safe food, the search for new
substances capable to control bacterial growth has become
a new research area. According to Dimitrijevi¢ et al.!? the
increased demand of consumers for additive-free, fresher,
more natural tasting foods and with a smaller impact on the
environment, while maintaining the microbiological safety,
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provokes many researchers to investigate the antimicrobial
effects of natural compounds. The use of essential oils has
shown to be a promising alternative for the antimicrobials
commonly used in the food industry. Recent research points
to a possible use of the essential oils as natural preservatives
in foods " and as sanitizer solutions in the control of
bacterial biofilms formed on industrial surfaces. ***

The use of essential oils as antimicrobial agents in
the food industry should be a result of previous laboratory
studies. Several methodologies are available for the in
vitro evaluation of the essential oils antimicrobial activity
and one of the most used is the agar diffusion assay. 3262
One of the advantages of this technique is that it allows
to estimate the degree of microbial growth inhibition
measuring the diameter of the inhibition zone formed.
According to Kalemba & Kunicka, 7 the effectiveness
of a specific essential oil is represented by the size of the
inhibition zone formed on the agar surface, around the filter
paper disk or the cavity.

The genus Cymbopogon belongs to the family
Poaceae and possesses more than 100 species in tropical
countries, including Brazil. Of those species, approximately
56 are aromatic. A few of them should be given special
attention for their wide use in folk medicine and high
content of essential oils with quite varied purposes, such
as therapeutic and cosmetic. ' Within this genus are
Cymbopogon citratus (D.C.) Stapf. (lemongrass), native to
India, known for producing an essential oil rich in citral, *
and Cymbopogon nardus (L.) Rendle (citronella), native to
Ceylon, known for the repellent power of its essential oil
rich in citronellal. ® The use of essential oils from species
of the genus Cymbopogon, such as C. citratus and C.
nardus, for the control of foodborne pathogenic bacteria
is an interesting alternative, since these plants have a high
essential oil yield, »* are widely distributed in Brazilian
territory, in addition to being easy to cultivate. >

Considering the importance of the study of new
natural substances capable of controlling the presence of
pathogenic bacteria in food industry, the agar well diffusion
technique was used to determine the antibacterial activity
of different concentrations of C. nardus and C. citratus
essential oils against S. aureus, E. coli and P. aeruginosa.
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MATERIAL AND METHODS

Fresh leaves of C. nardus and C. citratus (2000g)
were collected from Medicinal Plant Nursery of the Federal
University of Lavras in Minas Gerais, Brazil. Essential
oils were extracted by hydrodistillation using a modified
Clevenger apparatus. Fresh C. citratus and C. nardus leaves
were chopped and placed with water in a 4L round-bottom
flask. The flask was coupled to the modified Clevenger
apparatus and the extraction was performed for 2.5 hours
with the temperature maintained at approximately 100°C.
The hydrolate obtained was centrifuged (321.8 x g) for
5 minutes, with the essential oil being removed with a
Pasteur pipette and stored at refrigeration temperature in
glass flasks wrapped in aluminum foil. ¢33

The strains used were E. coli ATCC 25922, S. aureus
ATCC 25923 and P. aeruginosa ATCC 25853. During the
experiment, they were maintained in freezing medium
(15mL glycerol, 0.5g bacteriological peptone, 0.3g of yeast
extract and 0.5g NaCl, per 100mL of distilled water, with
the final pH adjusted to 7.2—7.4). For reactivation, an aliquot
of the stock culture was transferred to test tubes containing
Trypic Soy Broth (TSB), which were incubated at 37°C for
24 hours. Later, the strains were streaked in Petri dishes
containing Trypic Soy Agar (TSA), which were incubated
at 37°C for 24 hours. For inocula standardization, the
McFarland scale was used. Of the colonies formed on the
TSA surface, some were removed and transferred to test
tubes containing saline solution (NaCl 0.85% w/v). The
suspensions were standardized using tube 5, corresponding
to approximately 1.5 x 10° CFU/mL.

The antibacterial activity of the essential oils was
assessed by the agar well diffusion technique, using the
methodology described by Oliveira et al., * with some
modifications. Miieller Hinton agar with 0.5% v/v of Tween
80 was used as culture medium. For the preparation of the
essential oil deposition wells, an initial layer of culture
medium was deposited in Petri dishes (100x20mm), on
which, after solidification, glass beads were deposited. The
overlay culture medium, containing 10CFU/mL of the
bacterial inoculum, was deposited on the glass beads on the
surface of the initial layer. The amount of overlay culture
medium used was 15mL, 14mL being Miieller Hinton
agar and ImL of saline solution 0.85% w/v containing the
bacterial inoculum (1.5x10°CFU/mL). The addition and
subsequent homogenization of the saline solution containing
the bacterial inoculum to the agar was conducted when
this was at a temperature of approximately 45°C. After the
solidification of the overlay, the glass beads were removed
with the aid of sterile tweezers, creating the wells. In each
Petri dish, 5 wells were created. Soon afterwards, 10uL of
different concentrations (0; 3.90; 7.80; 15.60; 31.20; 62.50;
125.00; 250.00 and 500.00), expressed in puL/mL, of the
essential oils of C. citratus and C. nardus, were transferred
to the wells. The concentrations were obtained after dilution
of the essential oils in ethanol. The concentration of OuL/
mL, contained only ethanol, was used as positive control
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for the bacterial growth. The Petri dishes were incubated
at 37°C for 24 hours and after this period the diameters of
the inhibition zones formed were measured, subtracting
3mm regarding the diameter of the well. Three repetitions
were done. The Minimum Inhibitory Concentration (MIC)
was defined as the lowest concentration of essential oil that
resulted in inhibition of the bacterial growth.

RESULTS AND DISCUSSION

The essential oils of C. nardus and C. citratus
presented antibacterial activity at most of the used
concentrations. However, different behaviors were
noticed according to the bacterium and the essential oil
used. Regarding the C. nardus essential oil, E. coli and
P. aeruginosa were more sensitive, presenting a MIC
of 3.90uL/mL. For S. aureus the MIC of C. nardus was
7.81uL/mL. For the essential oil of C. citratus, E. coli, S.
aureus and P. aeruginosa presenting a MIC of 3.90uL/mL.
In general, it can be said that starting from the minimum
concentrations necessary for an inhibitory effect, the zone
diameters increased with the increase of the concentrations
(Table 1).

In the large majority of cases, Gram-positive
bacteria are more sensitive to essential oils than Gram-
negative, because the outer membrane of Gram-negatives,
rich in lipopolysaccharides, difficult the penetration of
antimicrobial agents. 7 However, according to the results
obtained in this study for the essential oil of C. nardus
(Table 1), only the Gram-negative bacteria (E. coli and P.
aeruginosa) were sensitive to the lowest concentration used
(3.90pL/mL). Similar result was founded by Bussata et al.,’
thatevaluating the antimicrobial activity of oregano essential
oil, obtained a MIC of 0.690mg/mL for Streptococcus
mutans, value superior to that of all of the appraised Gram-
negative bacteria, such as E. coli, Aeromonas sp. and
Salmonella choleraensius, that presented MIC of 0.460mg/
mL. According to Koyama et al., '® many of the essential
oil compounds have the ability to break or to penetrate the
lipidic structure present in the outer membrane of Gram-
negative bacteria.

P. aeruginosa is one of the most resistant bacteria
to essential oils. +** However, in this study, P. aeruginosa
showed to be very sensitive to the essential oils used,
especially C. citratus at the highest concentrations (62.50
to 500.00uL/mL) (Table 1). Similar result was observed
by Getahun et al., " who verified that the Mentha spicata
essential oil exhibited a wide spectrum of antibacterial
activity against all of the tested strains, including
multiresistant strains of P. aeruginosa.

Differences in the antibacterial activity among
essential oils of different plant species, as observed in
this study for C. nardus and C. citratus (Table 1), happen
due to ecological and growth factors and are related to the
concentration and nature of essential oils constituents, as
well as to possible synergistic interactions. * Oladimeji et
al. ! mention that the antimicrobial activity of the essential
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Table 1 — Antibacterial activity of the essential oils from Cymbopogon nardus and Cymbopogon citratus,
using agar well diffusion method, expressed by diameter (mm) of inhibition zone.

C. nardus Diameter (mm)

(uL/mL) Escherichia coli Staphylococcus aureus Pseudomonas aeruginosa
0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 +0.00
3.90 2.88+0.24 0.00 = 0.00 1.98 £0.65
7.81 3.61 +£0.46 1.23 £0.38 1.75+0.18
15.62 2.96 +0.86 1.80£0.16 1.88 £0.26
31.25 3.42+0.35 248 +£0.48 1.81+0.80
62.50 3.80+£0.92 4.83+0.62 2.80+0.97

125.00 5.08 £1.78 5.00+0.74 2.98 +£0.59
250.00 5.23+0.33 6.51 £1.65 421+0.29
500.00 8.03+1.92 537+1.16 6.30£1.07

C. citratus Diameter (mm)

(uL/mL) Escherichia coli Staphylococcus aureus Pseudomonas aeruginosa
0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00
3.90 3.27+0.16 2.17+0.47 2.30+0.21
7.81 4.67+1.31 2.58 +0.31 2.98+£0.46
15.62 4.50 +0.94 3.92 £0.42 428 +0.16
31.25 3.95 +1.04 3.73+£0.10 4.75+1.59
62.50 5.05+0.74 5.83+0.12 12.08 £2.66

125.00 6.68 +£0.37 8.30 £ 0.47 14.33£4.29
250.00 6.48 £1.15 8.58£0.59 15.92 £2.55
500.00 8.05+0.80 9.12+1.52 20.83 +3.30

The results are expressed as the average of three repetitions + the standard deviation.

oils is strongly connected to their chemical composition.
The chemical composition of the essential oils that were
used in this study was previously determined by our
research group *>* and monoterpenes was related as the
majority constituents. For the essential oil of C. citratus
there was a prevalence of geranial (42.91%) and neral
(30.90%), compounds that isomerically form the citral. For
C. nardus, mainly, citronellal (34.60%), geraniol (23.17%)
and citronellol (12.09%) were found.

According to Sikkema et al., »° the action mechanism
of monoterpenes involves mainly toxic effects on the
structure and function of the cell membrane. As a result of
their lipophilic character, the monoterpenes will preferably
dislocate from the aqueous phase towards the membrane
structures. Bakkali et al. > mention that the accumulation
of the essential oil constituents in the lipid double layer
of the cytoplasmic membrane will confer a characteristic
of permeability. In bacteria, cytoplasmic membrane
permeabilization is associated to dissipation of the proton
motive force, regarding reduction of the ATP pool, internal
pH and electric potential, and loss of ions, such as those of
potassium and phosphate.

CONCLUSION

The essential oils used in this study were shown
as promising natural antibacterials for the control of
pathogenic bacteria. This fact is of great importance for
the food industries, where the development of new control

tools related to the production of safe foods is strictly
necessary to avoid the occurrence of foodborne diseases.
In this context, it is emphasized that this work should serve
as an incentive for subsequent research related to the use
of these essential oils as natural preservatives in foods or
in sanitizers solutions for surfaces that come in contact
with foodstuffs. Studies with practical applications of
these essential oils are scarce in the literature, mainly those
related to the essential oil of C. nardus, which demonstrates
that this is a new line of research to be continued.

BRUGNERA, D. F.; OLIVEIRA, M. M. M.; PICCOLI,
R. H. Oleos essenciais de Cymbopogon sp. no controle
de bactérias patogénicas veiculadas por alimentos. Alim.
Nutr., Araraquara, v. 22, n. 3, p. 339-343, jul./set. 2011.

BRESUMO: Neste estudo, a técnica de difusdo em cavi-
dade feita em agar foi utilizada para determinar a atividade
antibacteriana dos 6leos essenciais de Cymbopogon nardus
e Cymbopogon citratus, os quais foram testados em dife-
rentes concentragdes. As espécies bacterianas utilizadas
foram os patogenos alimentares Staphylococcus aureus,
Escherichia coli e Pseudomonas aeruginosa. Ambos os
o6leos essenciais apresentaram atividade antibacteriana na
maioria das concentragdes. As Concentra¢cdes Minimas Ini-
bitorias (CMIs) encontradas foram: 7,81 uL/mL (S. aureus)
e 3,90uL/mL (E. coli e P. aeruginosa), para o 6leo essen-
cial de C. nardus; e 3,90uL/mL (S. aureus, E. coli e P.
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aeruginosa), para o 6leo essencial de C. citratus. Os 6leos
essenciais utilizados neste estudo mostraram-se como anti-
bacterianos naturais promissores para o controle de bacté-
rias patogénicas nas industrias de alimentos.

BPALAVRAS-CHAVE: Patogenos bacterianos; microbio-
logia de Alimentos; antibacterianos naturais; técnica de di-
fusdo em cavidade feita em agar.
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