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Abstract

The aim of this study was to investigate the antifungal activity of lemongrass volatile oil against
pathogenic Candida albicans. The results revealed that the lemongrass volatile oil possessed antifungal activity
against C. albicans H303 with the same levels of minimum inhibitory concentration (MIC) and minimum
fungicidal concentration (MFC) at 0.5 mg/ml. At this level, lemongrass volatile oil could kill C. albicans within
4 hours. In addition, the sub-inhibitory concentration of lemongrass volatile oil could reduce germ tube
formation and phospholipase activity of C. albicans in dose-dependent manner. Analysis of lemongrass volatile
oil using gas chromatography-mass spectrometry (GC-MS) demonstrated that its major component was
(z)-citral consisting about 89% of the mixtures. This study showed that lemongrass volatile oil has a potent in
vitro anticandidal activity and can inhibit virulence factors in terms of germ-tube formation and phospholipase

activity of C. albicans.
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1o lunszualadia (candidiamia) tazid1go Yoy nnag laflignidududegadnyiianie 14
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liquid) tNusnm luniangamgi 4°C
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2.5 MINAaoU antifungal killing time
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N 5x10° cfu/ml YTwas 125 plasly NSS-T
(NSS-T, 0.85% NaCl, 0.02% Tween 80) 131103
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v
waziimsnaaeumsaseesenveute lunig
A (=) :’ % Y g
A'litidunenszeninaz lasiflumsnaaeu
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Tag A AD germ tube positive (%) YDINADAAIUAN
B0 germ tube positive (%) VDI ADANATOU
2.7 miwﬂaauqnémmﬁﬁuﬁamzmﬂ
nnnglnine phospholipase activity
WOR C. albicans H303 fianududu
5x10° cfw/ml U505 5 pl Aue I EsuEoT
egg yolk agar ﬁﬁ 0.02% Tween-80 Wudmilszneu
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Tween-80) [7] uazﬁl‘i’ﬁuwamzmamnm%%’ﬁ
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9 1
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analysis)
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3.1 ANNAINITDVD NN UHBNISIHEDIN
azlaflumsiiugamsnSamazmsan ¢ albicans
H303
o 3 a
VINMINATOUMITVIIMITYV C.
albicans H303 A1y agar disc diffusion method
Y Y
nunhdureussmenInes lasansadudanis
a Y dAa & .
39y "llﬁNl,GIfE]Ulﬂ Iﬂﬂ clear zone NNAVUIDU disc
Y
youiniunenszinoanay lafivuarugud
AANUNAUNINY 57.17+7.6 mm
WonaaauUnIA1 MIC uag MFC  1ag
P . A Yy ¥ 1w
W28 C. albicans H303 NANMTUTUININY
' v
5x10° cfu/ml 11 SDB-T AlaNudut Uy
Ea
HOUAIUA 0.0039 mg/ml IUDI 2 me/ml WUIA
Y
MIC Yo niuneNsmeanaz 1as 1aANIA 0.5
mg/ml 11AL1011ALNOUIINYADANAADINDINT
Y Y
doaFedilaoduumizaiuue1misuiia SDA wuh
v El v
naoanaaeIn T ueNILIMenaz 1adnay
Yy v . \ a a L A
Wududrga linumsnsymsnsyveusene 0.5
Y
mg/ml HAAINATMIC ey MFC 4031 1iuion
seHenee 1as AN UFTY 0.5 mg/ml
3.2 antifungal killing time Y9N UHON
Y
sumganaging
¥ v v
WeMIMSINLIA8 C. albicans H303 9
v F
ANUAUTU 5%10° cfwml  Tue1vsi@sudemad
Aad o Py
SDB-T  niiduvenszimennaz lnsnaw

WU 0, 0.125, 0.25 1AL 0.5 mg/ml uAITVTIUIU

9
A

WoNNBINNNAT 0, 1, 2, 4, 6, 12, 24 1AL 48 F2 119

E < ' '
TAgMFINSIABIUUDINITUYI SDA WUNAIY

Wut iy 0.5 mg/mlﬁyﬁuﬁamzmmm
azladannsoan C albicans H303 lanelu 4
F2Tus A lugdi 1
3.3 qnémmf&ﬁummzmmiamm%’nﬁa
39nUDY C. albicans H303
M3ad1a1i049n Y 1 heat  inacti-

v Y
vated serum WU luazn luiidurensyimve

]
A

(cell control) HAMNIAY 67.9% VN IUNIZNI
) ¥ v v
Hufureuszmennag ladnanududy 0.25 vag
Y
0.5xMIC 1%0@111508319%0990 14 18.5% 1Az
Y
12.2% MU0 (p<0.01) TagtitiuriouszInedIn

azlasNanududy 025 uag 0.5xMIC 811150

9
[

Fudamsadianessnla 72.8% uay 82.0% 11
d' QOJ U Qs}’ 1
§16 (M3190 1) wazgns lumsdudamsadiane
v
sonulsfuauanududuve viniuneusime

(dose-dependent manner)

v 9
MmN 1 Msdudamsadianoson (germ  tube

E
formation) Y9IUITUWBNITLINYIN
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az'lad
Lemongrass oil Germ tube Reduction
(mg/ml) formation (%) (%)
0 67.9+4.2 -
0.125 18.5 +£3.9% 72.8
0.25 12.2 +1.8%* 82.0
* p<0.01
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lipase activity
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iniuneuszmeninazlad GUd 2 wunc
. ~ 3 ~ 12 oy Y
albicans MWIZVUBIMITUU EYA-T #1'lussiniiuy
Y A a &
mmzmamnm"lm U Opaque zones INAVYUTOUY

TaTall Taedl Phospholipase activity (1-Pz) 1911111

0.386 luame C. albicans MWILUUBINITNY

Y '
Mfuveuszveinaz ladnanududu 0.125
1ag 0.25 mg/ml i Phospholipase activity Ny
0.308 1Az 0.228 AMNAIAY F9% Activity anaq

132401 20.2 1182 40.9 % ANEIA (@nﬁN'ﬁ 2)

Logl0 (cfu/ml)
L]

—4—0.500 mg/ml
=% -0.250 mg/ml
—4—0.125 mg/ml

—=—(0 mg/ml
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16 20 24

hr
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32 36 40 44 48
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gﬂﬁ 2 opaque zones soulnlatives C.  albicans

Y

1 v v
H303 112U EYA-T NN uHo s
nnaglasnanuduiuminy (a) 0 mg/ml

(b) 0.125 mg/ml t48% (c) 0.25 mg/ml

M99 2 phospholipase activity U8 C. albicans
H303 Uwizud EYA-T fAltinsiuvon

v Y ¥
izmﬂﬁnﬂm”lﬂiwmm!fummmm
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Lemongrass oil | Phospholipase Decrease
(mg/ml) activity (1-Pz) (%)
0 0.386 £ 0.021 -
0.125 0.308 £0.037* 20.2
0.25 0.228 £0.071* 40.9
* p<0.01
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A153A51LHIAYTENOUNIUAN VD
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Hifuneusziveas ladaramaiia GC-MS WuN
. & o H
(2)-citral Wuansdsenauvanveaiiureussive
az'lnd Taellsumgade 89% dmSuasiszneu
a A‘ 4 a 9 @
yiiadug asr9ny1dlulsuates dananaly
A15197 3
d' 4 =t : %
M319N 3 o9ntsznoumaalvediiiuvoy

9 a 7Y a
53Wiﬂﬁ%llﬂi"l]'lﬂﬂ"li’f]lﬂi'lzﬁﬂ’]ﬂﬁ/]ﬂuﬂ

GC-MS
Compound Retention time | % Area
B-myrcene 7.93 3.42
Linalool L 13.14 0.38
(Z)-Citral 21.14 37.55
Geraniol 22.03 0.70
(Z)-Citral 2291 51.65
trans-P-caryophyllene 30.99 0.38
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INAIANET N NI e 1N
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C. albicans H303 14 TagliAn MIC uag MFC
90U 0.5 mg/ml UazIINNTNATOU antifungal
killing time wuAhiumenszenina 1ndi
ANMTUTU 0.5 mg/ml @M% C. albicans
1303 1dpdresanianielu 4 §2Tue uaaslfii
imsoongnaveniiuneuszmennas laifiu
WU fungicidal vaiziienlungy azole fimseen

4 i1 k4
NTUVY fungistatic “‘]?QﬁWNﬁﬂEJ‘]JENﬂﬁL%iiylmmlll
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Y
A5 C. albicans 1@ [9] dariue1aiinain i

A do aaa o L o
e NFaNFInAINITONAUINA IANITADN VY
Y
Sumzaeeyiaiug uazuuylaisuwie (specific
and cross-resistance) llémluﬁfm [10]
msadranesenuazion ol phospholipase
& Ao o
13]1 virulence  factor NaAYVoN C.  albicans
A 9 1 I A
We9InnIsas1enesemdunisidasuulas
P & d o A .
Tnsaas19vea¥oansandantasd (unicellular
g A A
yeast form) Wuaes (filamentous form) #i®N
158n31 morphogenesis HaNudAyaonY
mmsaiumnm:ﬁm%u (adhesion) [11] tLagN1g
Fa v )
ana1nve ¥t luiiiorde (mechanical
o o X 3 '
invasion)  LALHWINIU phospholipase fﬁuﬂuﬂqu
s o s
o lasinaunsoaans (hydrolyze) WuszOaAINDS
(ester bond) Gluimaf;aeum glycerophospholipid 71
nu'lalu cell membrane Talunvmdrdnlums
& o o s A \ v
anawveude lasialenivuyadaiioydanal

v
=2 =

wrad lasuaudEsrie  [12] lumsanweiil wun

iifunouszivennaz la i sub-inhibitory
concentration AMNIDEUEIMIAZITIDIEALALAN
phospholipase activity Y93 C. albicans Tunaea
nanodld  guhnhifuvouszmennazladeon
Froan ToMAMIAAEBLALMIININTEIV0TD
fananlilgeferzndeszunmag Tudhnield
1NN153AT1ZH oAU TN UMUATI VD
iifunenszmonnagladdie GoMs W
a15152n01 (2)-citral HUTMUgIge Uszum
89% éﬂﬂigﬂﬂ‘uﬁj]ﬂ (z)-citral‘ﬁﬁ retention time
2114082 22,91 FIApANADINUILITOU silva
uazAue [4] fwuiniunenszmeninag 1nds
a15U5enOUNANAD  (2)-citral 130 3,7-dimethyl-

2,6-octadienal ity acyclic monoterpene aldehydes
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Anv'l8 2 isomer A geranial (trans-citral) 4@g
v
neral (cis-citral) UONIINY WU citral  TINITD
v k4
FUHIMINTYVOI Candida spp. TINTUUANITY
a 1 Y =2
UAZITITUAN N ll@‘l [4,13] 910N1TANHIVUDY

Hawser tiagaale [9] WU on amphotericin B

7.
mulundocandin UQ¢ aculeacin ﬂ@ﬂi]‘l/l‘ﬁiﬂ&lm’i
Mane plasma membrane %30 cell wall V0431

4
[14,15]  awsadudanisadianeienves C

albicans 1dnaNuANTUaInI MIC Tuvazi

%2 k4
@

azoles, terbinafine 1A% flucytosine ONYNTIVE

I EY cytochrome P450 demethylase tlQig
v
squalene epoxidase nazdudansduns Iz RNA
Y
1ag DNA mwday amnsadudamsadanesen
g S § ~ 1

you¥e lanaeiiolianudndugandt MIC [9] 910

= g 2 A SI:I o Y

msanpaseil e ldhiurensyiennaselnd
~ < v &

N sub-inhibitory concentration AFINITDIVYINTT

a¥1anesenuazan phospholipase activity U893 C.

albicans 18 uaziifelFanuud iy MIC

v
Wiiurenszvennase ladeunsaai ¢ abicans
‘A g d o

1dpdesia5y  aseengninegluihiunew
Y 1 & 3 A~ '

see1nae a1ty (2)-citral Ninanons
P ] o .

a319vi090n uaz 10w 1wl phospholipase 11
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