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Abstract Xanthomonas campestris pv. vesicatoria causes black rot in crop tissues, and the limited antibiotics
are available for bacterial disease protection. In this study, 15 commercially available natural compounds were
screened for their antibiotic activity against X. campestris, and identified the potent antibiotic activity of
geraniol (MIC =250 pg mL™"), thymol (MIC =125 pg mL™"), and o-vanillin (MIC =250 ug mL™"). Geraniol,
thymol, and o-vanillin were major components in palmarosa oil, thyme oil, and Helichrysum oligocephalum
oil, respectively. The synergistic effect of the three antibiotic compounds was measured with the fractional
inhibitory concentration (FIC) index, and the FIC values of the combination of thymol and geraniol, or
thymol and o-vanillin were 0.75 as an additive effect. However, adding geraniol in the mixture of thymol and
o-vanillin was not positively affected to express a synergistic antibacterial effect on X. campestris.
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Introduction

d

2 A oF A AT FoFE ARg-dhe SH3H A7}
%7 Ith(Park et al., 2022; Bae et al., 2023; Lee et
Xanthomonas campestriss= Gram-negative w22 ThJgh al,, 2023). 20239 &A| Fep], B2, g, g2t

i

g A AlFATHY B A2 ARldte] HH, & 71GulFe] WA shs H2M 5 WAl streptomycin,
Zb, AR EY 52 B3 AgAo] Zol FAE Aakie) & oxolinic acid, oxytetracycline, validamycin A, kasugamycin
FEFS = A0E dHA Ath(Lee et al., 2020; Kim et 5% FEAECR 3k A AlE EEE0] AFEEHT 9
al., 2023). X. campestris= YR 0.2 9lo] 35 53 3 OLHKCPA 2023), AlgHe A Als oAl ukEA AlLg
Fate] Eaollx] whah, ol FReME 39, EdelA o= Q% SHAA YA FFEF I o] = QIS WAIZE At

= k7]l 209, 710 40 T AET
Ao 47 AUrh(Lee et al., 2020). F-L%-SH A
Al A, 2GuAE 28 9 g 2E 5 A

= $% H¥3 JtkSundin & Wang, 2018; Rodriguez et
al.,, 1997; Herbert et al., 2022). ©]&]3F A3 &AlE F&
st7] feiMe ok A tiA| A7 Eesk, ol
A3l AAEE FHEE g A7} o]Fo] XL Yo, X
campestris®l] e FHED Ate dHHoR F=30h
(Mageshwaran et al., 2011; Mageshwaran et al., 2012; Delisle-
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Houde et al., 2021; Sreelatha et al., 2021; Kim et al., 2022;
Varympopi et al., 2022; Kim JY et al., 2023).

FH2olle FAE tAlsh] 21 sHe s et A
B4 32 HAFESES 483 AEFof] A5z d
TEHIL Qo o]E F 2152 Hf-(essential oil)2} F-F-ol
g 5o} 0= monoterpenoid®} phenolic B2 th
g g A=l thek MR/ o] HalE L ik (Kotan
et al.,, 2007; Lee et al., 2021; Hakalova et al., 2022; Choi
et al,, 2023). 53], F2ole FLEHe] gt FA|F+E
ofug}, ofe] Aol o3t oFa AsaHE Hrlela,
2485 g B EAA RS Bt ofA A
HAS AT 7 U At A Aol Aol HF
ATH(Xue et al., 2022; Zhang et al., 2022; Zhao et al.,
2022; Kim et al., 2023; Satria et al., 2023; Tao et al.,
2023), ool Wk, & AP E HEAfol thF sl
AoH, thget =2 28 = monoterpenoid -
3+ A2 phenol A3 thymol 5 1552] A&4F 4
B2 U2 X campestrisdl] OISt FHFEAHL H78)
, O1F T Yol 5T RS WHeE A

synergistic effects #7153t}

3=
=
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Rl oox mu =
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Materials and Methods
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Al&gel] A8t acacetin, apigenin, 3-carene, coumestrol,
linalool, thymok> TCI (Tokyo Chemical Industry Co., Ltd.,
Japan)oll X i 8F33L capsaicin, gallic acid, geranyl acetate,
luteolin, nicotinamide, o-vanillin, sinapic acid, stigmasterol,
tropine, dimethylsulofoxide (DMSO)= Sigma-Aldrich (Sigma-
Aldrich, Inc., St. Louis, MO, USA)lA Fujs}$om,
geraniol> Alfa Aesar (Alfa Aesar Co., Inc, USA) A|F=
AREIATE B Aol ARSE acetone> Burdick &
Jackson™ (Honeywell International Inc, Morris Plains, NJ,
USA)2] high-performance liquid chromatography (HPLC)

gradeS AHE-3I31TH.

GC-MS 7|7|124 =A

AEHG F FAE A4S Kim et al. (2023)2] HHol
w2} 43U, total ion chromatogram (TIC) HEHS
B3l B4 H981S AXl F selected ion mode (SIM)
AEE S8l 0.1% ol FHrdwel thall 8% EA4 sk

ol

Aol ARSF 4520 X campestris pv. vesicatoria=
o] AR 715 213w A AL AL E] (JBF, Jeollanam-
do, Korea)ZF-E] £ who} X831t} A+ Luria-

Bertani (LB) broth (Difco™ LB Broth, Miller, BD, Frann-
klin Lakes, NJ, USA)ll RZE3aL 30°CollA] 48417F &<k 11
7)oM) wgFah, A AFFTY] e oF
1 x 10% cfu mL'e] At}

FHaMlsE

Algel AREE 15%<] monoterpenoid % phenolics=
DMSOZ 281 HxH o2 314519t} 96 well-plateel]
ZFujorel 10 LS 185uLe] i LB WXlo] dES,
DMSO°| =37l 1552 HAAEHE 247 5uLs Hrist
T, A&7k AgE s gFeS 30°ColA 48417 incubatorel]
A ST, X campestris7t 2475HA] 2 AP FE &
2248 % (minimum inhibition concentration, MIC)Z 3

skt

gMl? AlWX 22t

X campestris®| tg+ IAFE/do] gl EZ7H syner-
gistic effect= Kim 5-(2023)2] W ujg), E&A 5=
(fractional inhibitory concentrarion, FIC) A2 H7}5F31
ok 7t 24¢] F57F MIC olap7t =% E9e & 75
oFal(F 1 x 108cfu mL™)ol Hz|sla, o] AR L=
HETFE R FIC indexE oFzfe] 2ol wa} A3t
sick.

FIC index = X (FIC, + FIC; + FIC ...)

FIC, = MICy:gic... / MIC,, FICg = MICpupic... / MICy,

FICc =MICppic.. / MICe

FIC index= Kim 5(2023)°] &3t Wl w2}, syner-
gistic effect (FIC index <0.5), additive effect (0.5 <FIC
index < 1), indifferent effect (1 <FIC index <4), antagoni-

stic effect (FIC index > 4)& %3} T},

Results and Discussion

dor

X. campestrisO| CHEH 1 3|y SiEHEo| SMZEY

22472 FARCZ dHR 1559 terpenes L phe-
nolicsE A2 X campestrisdl] 3+ SAFZ4HS H7t
3192 ™, 1 5 thymol, geraniol, o-vanillino|A] 2 2-43|
%% (minimal inhibition concentration, MIC)7} Z+Z} 125
ug mL, 250 pg mL! €} 250 pg mL'2 53 A7 A
< eI + AUATH Table 1).

Geraniol, thymol, o-vanillin palmarosa oil, thyme oil
12]3L, Helichrysum oligocephalum’d-fr2] T332 4
A QoH(Fig. 1), AF9 FLAEL Table 2014 vehd
uio} Zorth gRel FAR sk FMFEYe st
dolX RAEJ O (Kim et al., 2014; Vujic et al., 2020;
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Table 1. MICs of natural compounds against X. campestris pv.
vesicatoria

Components *MIC (ug mL™)
Thymol 125
Geraniol 250
o-Vanillin 250
Tropine >1000
Apigenin >1000
Capsaicin >1000
Coumestrol >1000
Gallic acid >1000
Luteolin >1000
Sinapic acid >1000
3-Carene >1000
Linalool >1000
Stigmasterol >1000
Acacetin >1000
Nicotinamide >1000
@)
OH
~
O
Thymol o-Vanillin
)\/\)\/\
OH
Geraniol

Fig. 1. Structure of geraniol, thymol, and o-vanillin.
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Bezek et al., 2022; Kumar et al., 2022), 21& #9791 X
campestris®] DJF|IX= thyme oile] FAHESE 4T3l
thymol (MIC = 195 ug mL™")ol] B34 3t H.31%] %l th(Hakalova
et al., 2022). THAF0l| WEH, geraniols FARLZE 3}
+ palmarosa oil> TF¥SH w570l thal] MIC7} 80-10,000
ug mL'OI 3L, o-vanilling /%22 3-8k Helichrysum
oligocephalum 3= >150 pg mL' FEo2 HIET}
(Vujic et al., 2020; Bezek et al., 2022; Kumar et al., 2022).
w2hA, thymol, geraniol, o-vanillin 52 FAECZE =
2 EHF B3 X campestris©l] th3F A TS 78]
2 7 d%loen, o5 T &84 gH 75T thyme oil}
palmarosa oilS O CE X campestrisd] et MICE =
et As} 717} 125 pg mL'ellA] BRIEQITE. SFA R, thyme
0il#} palmarosa 0ilZ 100 ug mL! "|REA BlF 5 21&
FALe] wotel {2417 oAl T phytotoxicity H17F AU
7] W&ol (de Almeida et al., 2010; Choi et al., 2015), ©]
E AEARTE A4 W A E8s]e ojgta
skt

T3k JEAE S ZA thymol> # < Sreelatha 5(2021)
o] AFA X campestris®] cell membrane disruption©]l
oJ% biofilmB G AA7F Fo et AHETZ0 R HIHS)
oW, o-vanillin Z+F<! Cryptococcus neoformans o\
8} mitochondria ROS f=71%t0] 8 &7 28712
o7 B v QLo Aol gk 28712k o7 4
2 Ao ¢ith(Kim et al., 2014).

Geraniol, thymol, o-vanillin®| Mg A|HX| &3
Al A o] vEhd 359 A AAEZ Y £
]38k synergistic effects 3718t MICE 7122 W
HZ 3%t E-8H-S A3l checkboard analysisE %
3] 8913 FIC indexS Table 33} 7Fo] AF=313it}.
Thymol3} geraniol 2-& thymol#} o-vanilling AM8-3+ 7
<2 FIC index7} 0.757FA] WolA|™ additive effect’} EH<15]

Table 2. The composition of the essential oils containing thymol, geraniol and o-vanillin (%)

Thyme oil Palmarosa oil Helichrysum oligocephalum
(Thymus vulgaris) (Cymbopogon martini) oil
Thymol 23.0-74.5 - -
Geraniol - 65.0-83.6 -
o-Vanillin - - 51.0
Carvacrol 2.0-8.0 - 16.0
Geranyl acetate - 22-20.0 -
y-Terpinene 5.5-50.0 - -
p-Cymene 7.5-84 - -
Reference Borugi et al., 2014, Prashar et al., 2003, Esmaeili et al., 2013

Satyal et al., 2016,
Mahboubi et al., 2017

Raina et al., 2003
This study
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Table 3. FIC indexes for synergistic effect of thymol, geraniol, and o-vanillin on Xanthomonas campestris pv. vesicatoria
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L Thymol Geraniol o-Vanillin .
Combination of samples 5 FIC index
pgmL
Thymol + Geraniol 62.5 62.5 0.75
Geraniol + o-Vanillin 125 125 1
Thymol + o-Vanillin 62.5 62.5 0.75
Thymol + Geraniol + o-Vanillin 62.5 25 62.5 0.85
Thymol + Geraniol + o-Vanillin 62.5 62.5 62.5 1

o}, geraniol#} o-vanillin®] 7399l 3 synergistic
effect/} SR1EA] ekt 53], additive effect7t 1
thymol&} o-vanillin 8¢l geraniol®] 7}5Fo] S71dr5
FIC index H=3F 53l= Aol &A1= geraniolS- thymol
3} o-vanillin £ H7}sl= AL synergistic effecte} F-
HE I T AT

B A1LE B3| AYE §E0] wHon, 7YAo] A H3t A

¢

AEZQ thymol, geraniol, o-vanillin®] X. campestrisll
St A FEAF S AT AN, 53] thymolJr geraniol
2 thymol#} o-vanillin®] &3to] Fadsaxt IS
RRlston, o]5 &85 A1 W Xﬂxﬂ 28 74
& AT 5 A

7I-A|. I

2 Are 2022d% FE13H 3FA AR (RS-2021-
RD009903)"¢] A& who} TP = AFHT
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Xanthomonas campestris pv. vesicatoira®f| CHf &
geraniol, thymol, o-vanillin?| &z A|L{X| 1}

2 o wiF FeH2He] AolHd?l Xanthomonas campestris pv. vesicatoria® WA= A AT A 71 AHE
w3 ok, A A w7 1w SHE A opAlel thgk Aol Fao] FiEL qirk & AFelME 15
= $OZ X campestris®] He FAFEAS 78l geraniol (MIC =250 pg mL™"), thymol
(MIC = 125 pg mL™), o-vanillin (MIC =250 pg mL)ollA A4S ERISIATE 0|5 A2 TR} AlEEA
A3} ZutEAL ek, =3k} 250 Helichrysum oligocephalum®] 21 ERfro] AR deA 3o, ol &2
o] k= X campestrisdl WISt &<+ synergistic effects A3 FEEAS (fractional inhibitory concentration
index, FIC index)E AFE3t] 43T Thymol} geraniol, 2~ thymol# o-vanillin 234l FIC index?te]
0.75Z additive effect7} SA= 21, geraniol?} o-vanillin 234 g Alsa A7} BEER] 2947100 o-vanillin
o] 23 AA O geraniolS H7teke A2 NS Tdolle £ =g0] HA &S I £ AU

1o
)
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s
i)
tlo
=

=

Ol Xanthomonas campestris, S, AL, &, o-0Pdd, kg5
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