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Antimicrobial activity of essential oil of Eucalyptus globulus
against fish pathogenic bacteria

Joon-Woo Park, Mitchell Wendt, Gang-Joon Heo*
College of Veterinary Medicine, Chungbuk National University, Cheongju, Korea

The antibacterial activities of the essential oil of Fucalyptus globulus (EOEG) was determined against 7
fish pathogenic bacteria (Edwardsiella tarda, Streptococcus iniae, S. parauberis, Lactococcus garviae, Vibrio
harveyi, V. ichthyoenteri and Photobacterium damselae) obtained from farmed olive flounder. The inhibitory
activity was evaluated by three methods: Disc diffusion method, minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC). According to the disc diffusion test, as the concentration
of EOEG (5-40 pg) rises, the inhibitory zone increases in size. Compared with amoxicillin, tetracycline and
chloramphenicol, EOEG showed similar antibacterial activity. The MIC of EOEG ranged from 7.8 to 125
mg/mL and MBC values ranged from 62 to 250 mg/mL. These results show that EOEG has antimicrobial
activity against all seven bacteria, but there was no marked difference between each genus. From these
results, it is suggested that EOEG can be used as an antimicrobial agent against fish bacterial diseases in

the fish industry.
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Industrial aquaculture in Korea has made rapid
developments within a short period, and the output of
fish farms has grown under the influence of increased
consumption caused by an improved standard of living
[1]. However, susceptibility to infection has increased
due to overcrowded rearing, excessive feeding for mass
production, deterioration of the fishing ground by long-
term intensive culture, and an increase in recessive
breeds; and this has caused huge economic losses in
recent years. As a result, industrial development has been
accompanied by some practices potentially damaging to
human and animal health that include passing large
amounts of veterinary drugs into the environment [2,3].
Accordingly, various studies have been made to search
for antimicrobial agents from natural materials like Rhus
Javanica extracts and bee venom for application to
aquaculture [4,5]. Such natural substances are safer for
the human body than antibiotics and chemicals and are
not as concerned with resistant bacteria [6].

The essential oil constituents of the genus Eucalyptus
(Myrtaceae) have been well characterized [7]. Eucalyptus
species produce numerous volatile compounds in large
amounts, especially isoprenoids, which accumulate in
glands abundantly distributed throughout the leaf
parenchyma and bark [8].

The chemical compositions of the leaf oils of various
Eucalyptus species have been reported [9-11]. The major
component was 1,8-cineole, but a main contributor for
the bioactivity was assumed to be terpineol, which
showed eight-fold higher antimicrobial activity than 1,8-
cineole against Staphylococcus aureus. Moreover, 1,8-
cineole has not been reported as an active principle in
other eucalyptus oils [12]. Studies on eucalyptus extracts
as natural antibiotics on virulent bacteria in humans have
continued [15,16], but to date none have been performed
on fish pathogenic bacteria. Therefore, this study was
carried out for the purpose of demonstrating the anti-
bacterial activities of the essential oil of FEucalyptus
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globulus (hereafter referred to as EOEG) on the seven
pathogenic bacteria (Edwardsiella tarda, Streptococcus
iniae, S. parauberis, Lactococcus garviae, Vibrio harveyi,
V. ichthyoenteri and Photobacterium damselae) that
pose the largest threats to flatfish farming in Korea.

Materials and methods

Bacteria and EOEG

As experimental strains, four gram-negative strains
and three gram-positive strains isolated from Korean
cultured olive flounder (Paralichthys olivaceus) were
used. The four gram-negative strains were E. farda FP
5060 (2005), V. harveyi FP 8370 (2009), V. ichthyoenteri
FP 4004 (2004), P. damselae FP 4101 (2004) and the 3
gram-positive strains were L. garviae FP 5245 (2005), S.
iniae FP 5228 (2005), and S. parauberis FP 3287 (2007).
These bacteria were received from the National Fisheries
Research and Development Institute (Busan, Korea).
Our EOEG was purchased from Aromaland Inc., Santa
fe, NM, USA who had purified it through steam
distillation from the leaves of wild Eucalyptus globulus
grown in Australia.

Disc Diffusion Method

Prior to testing antimicrobial effects, a fresh colony
cultured for 24 hours at 25°C in tryptic soy agar (TSA)
(MBcell Ltd., Seoul, Korea) was used to suspend the
organism in 0.85% sterilized saline solution with a
concentration of MacFaland No. 0.5 (1-5x10° CFU/mL).
Each 100 pLL of the test organism’s suspension water
was distributed into Muller-Hinton agar (MHA) (MBcell
Ltd., Seoul, Korea) in a 4-5 mm thick petri dish (87x15
mm) and was well coated with a sterilized cotton swab
to dry moisture. EOEG (5, 10, 20, 40 pg) was dried on
sterilized paper discs (¢10 mm) (Advantec Toyo Kaisha
Ltd., Tokyo, Japan) to absorb 20 pL. of moisture, and
each disc was stuck to a MHA containing test organisms
to be cultured in a culture chamber. The medium coated
with test bacteria was cultured for 24 hours at 25°C to
determine the antimicrobial effects. Each test was repeated
three times.

Several antibiotic discs were used as controls against
EOEG. A single antibiotic from several types was
selected for the test: amoxicillin (30 pg/disc) for B-
lactam type, tetracycline (30 pg/disc) for tetracycline
type, erythromycin (15 pg/disc) for macrolide type,
nalidixic acid (30 pg/disc) for quinolone type, and
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chloramphenicol (30 pg/disc) for phenicol type. All
antibiotics were purchased from MBcell Ltd., Seoul,
Korea. The five antibiotics’ antimicrobial effects on fish
pathogenic bacteria were tested using the same method
as with EOEG. Each antibiotic disc absorbed 2083° of
moisture with the concentration adjusted such that the
amount of the antibiotic contained in commercially
available disks was used.

MIC and MBC

The MIC test was performed using the broth dilution
method. Target organisms were cultured in TSA one night
at 25°C then diluted to a concentration of MacFarland
No.0.5 (1-5x10° CFU/mL). EOEG was gradually diluted
in Muller-Hinton Broth until it reached 488-500,000 pg/
mL, and target organisms were injected. The MIC was
then measured 48 hours after the initial injection. Each
test was repeated three times.

For measurement of the MBC, a culture solution with
a concentration greater than the MIC was smeared in
MHA agar medium, inoculated with strains and cultivated
for 24 hours at 25°C. The MBC was determined as the
concentration of the maximum dilution factor which
killed 99.9% of the initial number of inoculated strain.

Results

Disc Diffusion Method

We measured the diameter of the inhibition zone
formed around the paper disk containing a concentration
of the EOEG from low (5 pg) to high concentrations (40
pg) for each tested pathogen. The inhibition zone size
was proportional to the concentration of the essential oil,
and, in the case of high concentration (40 pg), significant
antibacterial activity similar to antibiotics used in the
control group was shown (Table 1). The average of three
measurements was used.

In the case of the commercial antibiotics implemented
as controls, amoxicillin, chloramphenicol and tetracycline
showed susceptibility in every tested strain, but nalidixic
acid and erythromycin did not show susceptibility in 6
tested strains (Table 1).

MIC and MBC

For 7 fish pathogenic bacteria, EOEG was two-fold
diluted in sterile distilled water to 488-250,000 pg/mL in
stages, and the MIC and the MBC were measured.
Against all strains except V. Ichthyoenteri, a significant
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Table 1. Antimicrobial activity of EOEG and antibiotics by the disk diffusion test

6

Bacteria AML" E? cd NAY TE9 EOEG® (ng)
40 20 10 5
E. tarda + + +++ ++ ++ ++ + - -
V. ichthyoenteri +++ - +++ - +++ ++ + + _
V. harveyi + - ++ - +++ +++ ++ + +
P. damselae + - ++ - +++ +++ +++ ++ +
S. iniae +++ +++ +++ - ++ ++ + + -

S. parauberis + - - - F++ ++ + _
L. garviae +++ +++ +++ - +++ + + - -

-: resistant (<15 mm), +: susceptible (15-24 mm), ++: more susceptible (25-34 mm), +++: most susceptible (>34 mm),
AML: Amoxicillin (30 ug) ?E: Erythromycin (15 pg) *C: Chloramphenicol (30 pg) “NA: Nalidixic acid (30 ug) *TE: Tetracycline (30 ug)

®EQOEG: Essential oil of Eucalyptus globulus.

Table 2. MIC and MBC values (ug mL™") of EOEG against 7
different bacteria

Strains MIC MBC MIC:MBC
E. tarda 7,812 125,000 1:16
V. ichthyoenteri 125,000 250,000 1:2
V. harveyi 7,812 62,500 1:8
P. damselae 31,248 125,000 1:4
S. iniae 31,248 125,000 1:4
S. parauberis 15,624 62,500 1:4
L. garviae 31,248 125,000 1:4

effect was shown with an MIC ranging from 7,812-
31,248 pg/mL. V. Ichthyoenteri, however, showed a much
greater MIC of 125,000 pg/mL. EOEG showed the lowest
value against E. tarda and V. harveyi, 7,812 pg/mL. The
MIC values for the remaining pathogens are shown in
Table 2. The values shown were averaged over three
measurements.

With respect to the MBC values, they ranged from
being identical to the MIC or much greater as shown in
Table 2. In the case of V. harveyi and S. parauberis, the
MBC was measured as 62,500 pg/mL, and for E. tarda,
P. damselae, S. iniae and L. garviae it was measured as
125,000 pg/mL. In the case of V. Ichthyoenteri, the MBC
was measured as 250,000 pg/mL, twice the MIC value.

Discussion

Although antibiotics have been used as an effective
way to control infectious bacterial disease for a long
time, the use of many antibiotics has been prohibited in
a number of countries [13]. Accordingly, research on
natural antibiotics that can replace conventional antibiotics
has emerged. It has been demonstrated that the essential
oil extracted from E. globulus is effective as an insect

repellent, medicine for respiratory diseases, anti-
inflammatory drug, antibacterial agent against S. aureus
and Escherichia coli, and antitumor agent in rats [14-18].
In the disc diffusion test, 5 antibiotics and EOEG at
the concentrations 5, 10, 20, and 40 pg were absorbed
into discs and introduced onto cultures of 7 fish pathogenic
bacteria. In every fish pathogenic bacteria, the inhibition
zone increased in proportion to the EOEG concentration.
Significantly, at the highest concentration (40 pg), EOEG
showed effective antibacterial activity similar to each
control antibiotic except nalidixic acid. In measurement
of the MIC, E. tarda and V. harveyi showed relatively
higher susceptibility compared with other strains, and
four strains showed relative resistance. Finally, ¥
ichthyoenteri showed the highest resistance to EOEG.

According to the results, EOEG has antibacterial
activity against 7 strains of fish pathogenic bacteria when
present at a quantity (40 pg) similar to that of antibiotics
on the market through the disc diffusion test. Through
the MIC and MBC tests, we further found evidence that
EOEG has antibacterial activity against fish pathogenic
bacteria.

South Korea still contains only a small number of
farmers planting eucalyptus because it possesses neither
a subtropical nor tropical climate. Moreover, research on
the effects of Eucalyptus is also lacking compared to
other countries. However, the antimicrobial efficacy of
EOEG was found against seven bacteria which are
problems in the flat fish aquaculture industry in Korea.
EOEG showed antibacterial activity even on strains that
have resistance to erythromycin and nalidixic acid, both
of which have been used in Korea. This demonstrates
that EOEG could replace some preexisting antibiotics. In
addition, our experiment focused only on the essential
oil extracted from the leaves of E. globulus, which is
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only one of over 900 varieties of eucalyptus. If
experiments on different varieties of eucalyptus and

€S

sential oil extraction method are carried out, they

could be highly useful for aquatic animal medicines.
However, further studies on safety and toxicity are
necessary to confirm its therapeutic efficacy in vivo
against these pathogenic bacteria.

Conflict of interests The authors declare that there is

no financial conflict of interests to publish these results.

References

. Oh MJ, Jung SJ, Kitamura SI, Kim HJ. Kang, SY. Viral diseases
of olive flounder in Korean hatcheries. J] Ocean Univ China 2006;
5: 45-48.

. Goldburg R, Naylor, L. Future seascapes, fishing, and fish
farming. Front. Ecol. Environ. 2005; 3: 21-28.

. Sung CH, Chun JH, Hyun JY, Hwang IG, Kwak HS, Yoon SH,
Lee JS, Chung YH, Song KY, Seo KH. Prevalence and
antimicrobial resistance of Vibrio parahaemolyticus isolated from
raw fshes. Korean J Vet Public Health 2010; 34(3): 197-202.

. Kim KH, Kim AR, Cho EJ, Joo SJ, Park JH, Moon JY, Yum JH,
Kim TH, Kwon HJ, Lee HT, Kim YM, Lee EW. Antibacterial
activity of Rhus javanica against the Fish Pathogens Vibrio
ichthyoenteri and Streptococcus iniae. Kor J Fish Aquat Sci 2014;
47(1): 18-22.

. Han SM, Lee KG, Park KK. Antimicrobial activity of honeybee
venom against fish pathogenic bacteria. J Fish Pathol 2011; 24(2):
113-120.

. Cho JY, Choi I, Hwang EK. Antimicrobacterial activity of extracts
from medicinal herbs against Escherichia coli. Korea J Vet Res
2003; 43(4): 625-632.

. Bakkali F, Averbeck S, Averbeck D, Idaomar M. Biological

Lab Anim Res | June, 2016 | Vol. 32, No. 2

10.

11.

12.

13.

14.

15.

16.

17.

18.

effects of essential oils--a review. Food Chem Toxicol 2008;
46(2): 446-475.

. Bruneton J. Pharmacognosy, Phytochemistry, Medicinal Plants.

2nd ed, Lavoisier Publishing, Paris, 1999; pp 405-467.

. Egawa H, Tsutsui O, Tatsuyama K, Hatta T. Antifungal substances

found in leaves of Eucalyptus species. Experientia 1977; 33(7):
889-890.

Suri RK, Mehra SN. Chemical examination of oils of some
eucalyptus. Indian Perfumer 1991; 35(1): 8-12.

Nishimura H, Mizutani J. Economically useful ingredients and the
clonal propagation of Eucalyptus citriodora plant. Proc. Hokkaido
Tokai University, Science and Engineering 1989; 2: 57-65.

Wyk BEV, Wink M. Medicinal Plants of the World. An Illustrated
Scientific Guide to Important Medicinal Plants and Their Uses,
Ist ed, Timber Press, Portland, OR, 2004: pp 480.

Cabello FC. Heavy use of prophylactic antibiotics in aquaculture:
a growing problem for human and animal health and for the
environment. Environ Microbiol 2006; 8(7): 1137-1144.
Lis-Balchin M, Deans SG, Eaglesham E. Relationship between
bioactivity and chemical composition of commercial essential
oils. Flavour Frag J 1998; 13(2): 98-104.

Djenane D, Yangela J, Amrouche T, Boubrit S, Boussad N,
Roncals P. Chemical composition and antimicrobial effects of
essential oils of Eucalyptus globulus, Myrtus communis and
Satureja hortensis against Escherichia coli O157:H7 and
Staphylococcus aureus in minced beef. Food Sci Technol Int
2011; 17(6) : 505-515.

Mulyaningsih S, Sporer F, Reichling J, Wink M. Antibacterial
activity of essential oils from Eucalyptus and of selected components
against multidrug-resistant bacterial pathogens. Pharm Biol 2011;
49(9): 893-899.

Klocke JA, Darlington MV, Balandrin MF. 1,8-Cineole (Eucalyptol),
a mosquito feeding and ovipositional repellent from volatile oil of
Hemizonia fitchii (Asteraceae). ] Chem Ecol 1987; 13(12): 2131-
2141.

Santos FA, Silva RM, Campos AR, De Arajo RP, Lima Jnior RC,
Rao VS. 1,8-cineole (eucalyptol), a monoterpene oxide attenuates
the colonic damage in rats on acute TNBS-colitis. Food Chem
Toxicol 2004; 42(4): 579-584.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


