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Abstract: The antibacterial activity of essential oil from lemongrass (Cymbopogon flexuosus) (LGO) was tested against strains 
of Edwardsiella tarda (n=4), Photobacterium damselae (n=1), Lactococcus garvieae (n=1), Streptococcus iniae (n=4) and S. 
parauberis (n=4) isolated from cultured olive flounders in Korea. Disk diffusion assay, MIC (minimum inhibitory concentration) 
and MBC (minimum bactericidal concentration) tests showed the strains of Streptococcus spp. were the most sensitive. LGO 
was bactericidal (MBC/MIC=1-4) for all strains of L. garvieae, S. iniae and the FP5060 strain of E. tarda, and the FP5228, S527 
and S1466 strains of S. parauberis suggesting sensitivity to LGO. Gram-negative bacteria were less sensitive than Gram-positive 
bacteria. Since antibacterial activity of LGO was effective against fish pathogenic bacteria tested in this study, the use of LGO 
could be helpful in treating such bacterial infections in fish.
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Introduction

During the last decades, there has been a 
continuous growth in aquaculture industries in 
Korea. Infectious diseases cause high mortalities 
when appearing in intensive fish farming. The 
rapidly expanding aquaculture industry has 
suffered from heavy economic losses due to bacterial 
pathogens, particularly infectious bacterial 
diseases including streptococcosis, lactococcosis 
and edwardsiellosis are major problems for olive 

flounder aquaculture in Korea (1, 2). Antibiotics 
are widely used to prevent bacterial infections 
in fish. However, continuous use of antibiotics 
leads to drug resistance and thereby to a reduced 
efficacy of the drugs (3). Antibiotics accumulate 
in the environment and fish and pose a potential 
risk to humans and to the environment (4). Thus, 
it is essential to develop antibacterial treatments 
that are made from natural substances.

For thousands of years, traditional medicines 
based on plants and plant extracts have been 
extensively utilized in humans and animals as 
remedies to control bacterial, viral, and fungal 
diseases (5). Natural products especially from 
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plants have been investigated for their therapeutic 
and prophylactic effects on several fish diseases 
(6). Essential oils (EOs) are one kind of plant 
products which have been used for their aromatic, 
flavor, bactericidal, preservative and medicinal 
properties (7). Due to their safety and their 
recognized antimicrobial activity, there has been 
a considerable interest in plant essential oils to be 
used as possible alternatives to control bacterial 
infection in fish (8, 9).

Lemongrass (Cymbopogan citrates and C. 
flexuosus) is a plant belongs to the family 
Germineae, cultured in almost tropical and 
subtropical countries as a source of EO. Moreover, 
it is known to possess pharmacological properties, 
including antimicrobial and disinfectant functions 
(10, 11). The main active constituent of essential 
oil from lemongrass (LGO) is citral (65–95%)  
(12). The effect of LGO has been studied against 
various microbes of environmental, clinical and 
food origin (13, 14) 

However, until now no study has been 
conducted to investigate the antimicrobial 
property of LGO against fish pathogenic bacteria 
isolated from olive flounder. Therefore, this study 
was carried out to examine the potential of LGO 
as an alternative to commercial antibiotics in 
aquaculture use.

Materials and methods

As test strains, five Gram-negative and nine 
Gram-positive bacterial strains isolated from 
Korean cultured olive flounder (Paralichthys 
olivaceus) were used. The Gram-negative strains 
were Edwardsiella tarda (FP5060, ED47, Yoshida 
and ED45), Photobacterium damselae (FP4101) 
and the Gram-positive strains were Lactococcus 
garvieae (FP5245), Streptococcus iniae (FP5228, 
S186, S530 and S131) and S. parauberis (FP5228, 
S124, S527 and S1466) obtained from Geyongsang 
National University (Jinju, Korea) and National 
Institute of Fisheries Science (Busan, Korea). 
The 100% pure lemongrass (C. flexuosus) oil 
(Aromarant Co. Ltd., Rottingen, Germany) was 
purified from the leaves of lemongrass grown in 
China.

The disc diffusion assay was conducted to detect 
the antimicrobial activity. Different concentrations 
of LGO (1:1, 1:2, 1:5 and 1:10; 1 part of the LGO 
in respective parts of the methanolic solution) 

was dried on sterile disks (ADVANTEC®, Japan), 
and each disc was placed on a Mueller Hinton 
agar (MBcell, Seoul, Korea) plate smeared with 
the test organism. Escherichia coli ATCC 25922 
strain was used as the reference strain. Plates 
were incubated for 24 h at 27 ºC to determine the 
antimicrobial effect. The determination of MIC 
was done using broth micro dilution method with 
some modification using different concentrations 
of oil (5% DMSO was used to dissolve LGO). The 
MIC was measured after 24 h incubation and 
each test was repeated three times. In order to 
determine the MBC, the culture medium from 
wells which have LGO concentration higher than 
MIC was smeared on separate Tryptic Soy Agar 
(TSA) (MBcell, Seoul, Korea) plates and incubated 
for 24 h at 27 °C (15). The concentration, at 
which no growth was observed on TSA plate, was 
determined as the MBC.

Antibiotic susceptibility was determined by disc 
diffusion method using OXOID™ antibiotic disks 
(Oxoid Co. Ltd., Seoul, Korea) mention in Table 
2. Resistance profiles (resistant, intermediate or 
susceptible) were assigned using criteria described 
by Clinical and Laboratory Standards Institute 
(16). Each test was repeated three times.

Results

The Inhibition Zone diameters (IZDs) (mm) of 
Gram-negative bacteria ranged from 8 to 32 mm 
and the IZDs of Gram-positive bacteria ranged 
from 7 to 53 mm at 1:1 of LGO (Table 1). MIC of 
LGO for bacterial strains ranged from 0.016 to 
0.5% (V/V) (Table 3). Mean MBC/MIC was1 to 8 
(Table 1).

The multiple antibiotic resistant index (MRI %) 
of the isolates ranged between 0–57.1. E. tarda 
(ED45 and ED47) showed the highest MRI % 
(57.1), followed by both L. garvieae (FP5245) and 
S. iniae (FP3287) (35.7) (Table 2).  

Discussion

The results from the disk diffusion, MIC and 
MBC tests support the general characterization 
of Gram-positive and Gram-negative bacteria. 
Gram-negative bacteria are less susceptible to 
the inhibitory effects of essential oils compared 
Gram-positive bacteria, because they possess an 
outer membrane surrounding the cell wall which 
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Bacterial strain

Inhibition zone (mm) with different LGO 
dilutions added on disc MIC % 

(V/V)
MBC %
(V/V) MBC/MIC

1:1 1:2 1:5 1:10

Photobacterium 
damselae (FP4101) 12 8 0 0 0.25 2 8

Edwardsiella tarda 
(FP5060) 8 0 0 0 0.5 4 8

E. tarda (ED47) 27 20 16 18 0.032 0.125 4

E. tarda  (Yoshida) 25 19 16 17 0.032 0.125 4

E. tarda (ED45) 32 23 18 15 0.063 0.25 4

Lactococcus garvieae 
(FP5245) 20 18 10 7 0.25 0.5 2

Streptococcus iniae 
(FP5228) 22 19 11 8 0.125 0.25 2

S. iniae (S186) 40 35 30 20 0.063 0.25 4

S. iniae (S530) 38 32 30 24 0.125 0.5 4

S. iniae (S131) 50 48 30 24 0.032 0.125 4

Streptococcus parauberis 
(FP5228) 53 50 28 18 0.016 0.032 2

S. parauberis (S124) 7 0 0 0 0.125 0.5 8

S. parauberis (S527) 38 30 25 18 0.032 0.032 1

S. parauberis (S1466) 45 35 26 19 0.016 0.063 4

Table 1: Susceptibility pattern of lemon grass oil (LGO) against fish pathogenic bacteria
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Table 2: Susceptibility pattern of lemon grass oil (LGO) against fish pathogenic bacteria

Bacteria 
Antibioticsa

MRI %
Sensitive Resistant 

Photobacterium damselae  (FP4101) AMX, AMP,CTX.CRO,TC,CHL, VA 7.14

OFX, NAL, CN,IMI,SXT

Edwardsiella tarda  (FP5060) AMX,CTX.CRO,TC,CHL, AMP, CN, VA 21.42

OFX,NAL, IMI,SXT

E. tarda (ED47) AMX, CTX, CRO,IMI AMP, TC, CHL, VA, NAL 57.14

 SXT, OFX,CN

E. tarda  (Yoshida) AMX, AMP,CTX.CRO,TC,CHL, VA, 7.14

OFX, NAL,CN,IMI, SXT

E. tarda (ED45) AMX, CTX, CRO, IMI AMP,TC,CHL, VA, NAL, 57.14

SXT, OFX, CN

Lactococcus garvieae (FP5245) AMX, TC,DA, E, VA AMP, CTX, CRO, CHL OFX 35.71

Streptococcus iniae  (FP3287) AMX, TC, CHL, E, VA AMP, CTX, CRO, DA, OFX 35.71

S. iniae (S186) AMX, AMP ,CTX, CRO, TC, CHL 0 0

 E, DA, VA,OFX

S. iniae (S530) AMX, AMP ,CTX, CRO, TC, CHL 0 0

 E, DA, VA, OFX

S. iniae (S131) AMX, AMP ,CTX, CRO, TC, CHL 0 0

 E, DA, VA,OFX

Streptococcus parauberis  (FP5228) AMX, CTX, CRO, TC E, DA VA AMP, CHL 14.28

OFX 

S. parauberis (S124) AMX, CTX,CRO,VA, CHL, OFX AMP, TC, E, DA 28.57

S. parauberis (S527) AMX, CTX, CRO, TC, CHL  AMP 7.14

 E, DA, VA, OFX

S. parauberis (S1466) AMX,CTX, CRO, TC, CHL AMP, E 14.28

DA, VA, OFX    
aAntibiotics- AMP=ampicillin (10 μg), CTX=cefotaxime (30 μg), CRO=ceftriaxone (30 μg), TC=tetracycline (15 μg), CHL=chloramphenicol 
(30 μg), E=erythromycin (15 μg), DA=clindamycin (10 μg), VA=vancomycin (30 μg), OFX=ofloxacin (5 μg), NAL=nalidixic acid (30 μg), 
CN=gentamicin (10 μg), IMI=imipenem (10 μg) and SXT= trimethoprim-sulfamethoxazole (25 μg), AMX=amoxicillin (30 μg).
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restricts the diffusion of hydrophobic compounds 
through its lipopolysaccharide covering (17). 
Previous studies have reported similar results of 
LGO where Micrococcus spp. and Streptococcus 
spp. as Gram-positive and E. tarda, E. coli and 
Proteus spp. as Gram-negative strains were tested 
(13, 18). In this study, Gram-positive (S. iniae, S. 
parauberis, L. garvieae) were also more sensitive 
than Gram-negative (E. tarda, P. damsalae).

All the strains were sensitive at every 
concentration of LGO except P. damsalae (FP4101), 
E. tarda (FP5060) and S. parauberis (S124) in disk 
diffusion test. The maximum effect of LGO was 
found at 1:1 concentration and the minimum 
effect was observed at 1:10 concentration of LGO. 
In the case of P. damsalae, it was sensitive for 
only 1:1 and 1:2 concentrations. Since the MIC 
value of P. damsalae was comparatively higher 
than other sensitive strains, it can be considered 
as less sensitive against LGO. E. tarda and S. 
parauberis strains with growth inhibition only at 
1:1 concentration of LGO were also less sensitive. 
Meanwhile, S. parauberis (FP5228) was inhibited 
by the LGO with the largest zones of inhibition 
(Table 1). 

Plant EOs can be classified into two categories, 
considering the MBC/MIC ratio. The EOs 
which exhibit MBC/MIC ratio ≤4 are denoted 
as bactericidal for tested bacteria, while the 
EOs  which demonstrate MBC/MIC ratio >4 
are represented as bacteriostatic (19). In the 
present study, LGO was bactericidal for all the 
sensitive strains while bacteriostatic for resistant 
strains. There was no any previous report about 
the MBC results of LGO against same bacteria 

tested. However, LGO demonstrated bactericidal 
activity at every concentration against eleven 
fish pathogenic bacteria in this study. There 
were both bactericidal and bacteriostatic strains 
in same bacterial species. A previous study 
reported cinnamon, bay, clove EOs were both 
bacteriostatic and bactericidal against different 
strains of L. monocytogenes (20). The test 
organisms were inhibited by LGO at comparatively 
low concentrations in MIC as compared to disk 
diffusion method (14). The results obtained by 
each of these methods differ due to many factors 
between assays including differences in microbial 
growth, exposure of microorganisms to the oil, the 
solubility of oil or oil components, etc (14, 21).

The bacteriostatic and bactericidal activity of 
LGO against fish pathogenic bacteria compared 
with the most sensitive strains showed 1/1 
(100%) of L. garvieae, 3/4 (75%) of S. parauberis, 
4/4 (100%) of S. iniae and 3/4 (75%) of E. tarda 
were very sensitive to LGO. On the other hand, 
1/1 (100%) of P. damsalae, 1/4 (25%) of E. tarda 
and 1/4 (25%) of S. parauberis (S124) were 
resistant (Figure 1). All microbes are not equally 
susceptible to LGO, although Streptococcocus spp. 
and E. tarda  were comparatively more susceptible 
to LGO (22).

All the test strains showed the difference 
in their sensitivity against different antibiotics 
(Table 2). The comparative effects of LGO and 
the standard antibiotic discs on the various test 
organisms are demonstrable indications of the 
oil as an antibacterial agent. A similar kind of 
observation was reported with some selected 
pathogenic bacteria and had suggested that 

Figure 1: Comparison of the 
effect of LGO against microbi-
al strains. The graph depicts 
the bacteriostatic and bacte-
ricidal activity of LGO against 
fish pathogenic bacteria while 
showing the sensitive strains 
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the test organisms particularly Gram negative 
were found to be more susceptible to LGO than 
standard antibiotics (14). 

Nowadays, treatment of fish for various 
infections poses a serious problem in Korea and 
many regions of the world (2). The present study 
established that LGO has potential antibacterial 
property, and is a good candidate for further 
research to develop a new antibacterial drug 
against fish pathogenic bacteria. Moreover, in 
order to gain more perceptivity into the application 
of LGO for fish bacterial diseases, the stability and 
safety of LGO in the aquatic environment should 
also be further investigated.
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IN VITRO UČINEK OLJA LIMONSKE TRAVE (Cymbopogon flexuosus) PROTI RIBJI 
PATOGENI BAKTERIJI, IZOLIRANI IZ GOJENEGA MORSKEGA LISTA (Paralichthys 
olivaceus)

H.N.K.S. Pathirana, S.H.M.P. Wimalasena, B.C.J. De Silva, S. Hossain, G.J. Heo

Povzetek: Protibakterijsko delovanje eteričnega olja limonske trave (Cymbopogon flexuosus; LGO) je bilo preizkušeno glede 
njihovega delovanja proti sevom bakterij Edwardsiella tarda (n = 4), Photobacterium damselae (n = 1), Lactococcus garvieae  
(n = 1), Streptococcus iniae (n = 4) in S. parauberis (n = 4) pridobljenih iz gojenih morskih listov v Koreji. Difuzijska metoda z diskom 
ter testi MIC (najmanjša zaviralna koncentracija) in MBC (najmanjša baktericidna koncentracija) so pokazali, da so  bili sevi 
Streptococcus spp. najbolj občutljivi. LGO je imel baktericidno delovanje (MBC / MIC = 1-4) na vse seve L. Garvieae in S. Iniae 
ter na seva FP5060 in FP5228 E. Tarda in seva S527 in S1466 S. parauberis. Gram-negativne bakterije so bile manj občutljive od 
gram-pozitivnih bakterij. Ker je bilo antibakterijsko delovanje LGO učinkovito proti ribjim patogenim bakterijam, preizkušenim v tej 
študiji, bi lahko uporaba LGO pomagala pri zdravljenju tovrstnih bakterijskih okužb pri ribah.
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