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Abstract

Essential oil of citronella grass (Cymbopogon nardus) was screened for antibacterial compounds by high-performance thin-
layer chromatography (HPTLC) combined with direct bioautography using soil bacterium Bacillus subtilis, marine bacterium
Aliivibrio fischeri, and plant pathogens Pseudomonas syringae pv. maculicola and Xanthomonas euvesicatoria. The parallel
derivatization using HPTLC—-anisaldehyde reagent also revealed the bioactive compounds separated with n-hexane—isopropyl
acetate (9:1, v/v), which were analyzed by offline solid-phase microextraction—gas chromatography—electron ionization-MS
(SPME-GC-EI-MYS) after scraping off and elution. The compounds responsible for the antibacterial effect were identified
as citronellal, geranial, neral, geraniol, a-cadinol, and elemol. These compounds inhibited all studied bacterial strains except
elemol that demonstrated activity only against B. subtilis and X. euvesicatoria.
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1 Introduction

Cymbopogon nardus, known as citronella grass, is a tropical
plant from the sweet grass family (Poaceae). It originates
from Southeast Asia and is highly valued for its aromatic
essential oil (EO) extracted from the leaves. The EO is rich
in citronellal, citronellol, and geraniol, contributing to its
characteristic fresh, lemony scent [1]. Therefore, it is utilized
in the perfume and cosmetics industry and aromatherapy
for its calming and stress-relieving effects. Ayurvedic and
traditional Chinese medicine employs the plant to relieve
fever, pain, colds, inflammation, infections, and digestive
problems [2, 3]. In some regions, leaves and extracts are
used as a poultice to heal wounds and treat skin infections.
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Citronella EO is known for its insecticidal properties and
is used in candles, sprays, and skin protection products to
keep mosquitoes and other insects away [2]. In addition to its
repellent effect, the EO has anti-inflammatory, antioxidant,
and antimicrobial properties [4]. C. nardus EO was effec-
tive against various bacterial [5] and fungal [6] species. It
also has potential antispasmodic and analgesic effects, which
could be beneficial in treating muscle tension and rheumatic
complaints.

High-performance thin-layer chromatography (HPTLC)
combined with direct bioautography is a powerful tool for
screening antimicrobial natural products, such as EOs [7-9].
Further analysis of the volatile compounds in the inhibi-
tion zones can be conducted, e.g., by scanning in situ using
HPTLC-direct analysis in real-time mass spectrometry
(HPTLC-DART-MS) [8] or by gas chromatography—elec-
tron ionization-MS (GC-EI-MS) after eluting the com-
ponents from the layer, e.g., by using overpressured-layer
chromatography (OPLC) [9]. Using conventional HPTLC
followed by offline scraping off and elution approach, solid-
phase microextraction GC-EI-MS (SPME-GC-EI-MS)
is preferred as it discards from the analysis non-volatile
compounds originating from the adsorbent [8, 10]. Cym-
bopogon species, including C. nardus, have been studied
by TLC—direct bioautography using methicillin-resistant
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Staphylococcus aureus (MRSA) bacterial strain and n-hex-
ane—ethyl acetate (9:1, v/v) as the mobile phase [5]. The
parallel GC-MS analysis of the EOs identified geraniol/cit-
ronellol in the same zone as the compounds responsible for
the characteristic inhibition zone in C. nardus EO.

The study aimed at the screening, characterization, and
identification of antibacterial Cymbopogon nardus EO
components by the combination of HPTLC—direct bioau-
tography assays using Bacillus subtilis, Aliivibrio fischeri,
Xanthomonas euvesicatoria, and Pseudomonas syringae
pv. maculicola, and SPME-GC-EI-MS of the eluted com-
pounds from the inhibition zones.

2 Experimental
2.1 Materials

The 20 cm X 10 cm aluminum foil-backed HPTLC silica
gel 60 F,s, layers (#1.05548) were acquired from Merck
(Darmstadt, Germany). Analytical-grade isopropyl acetate
was obtained from Sigma-Aldrich (Budapest, Hungary),
and all other solvents used were of analytical grade from
Molar Chemicals (Halasztelek, Hungary). Vanillin was
purchased from Reanal (Budapest, Hungary). Dye rea-
gent 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) was acquired from Carl Roth (Karlsruhe,
Germany) and concentrated sulfuric acid (96%) from Carlo
Erba (Milan, Italy). Citronella (Cymbopogon nardus) EO
was obtained from a Hungarian drug store chain (Aromax
Ltd., Budapest, Hungary). Test substances citronellal and
citral (mixture of neral and geranial) were purchased from
Sigma-Aldrich.

Gram-positive Bacillus subtilis soil bacterium (strain
F1276) was a gift from J6zsef Farkas (Central Food
Research Institute, Budapest, Hungary). Gram-negative,
naturally luminescent marine bacterium Aliivibrio fischeri
(DSM 7151) was obtained from Leibniz Institute DSMZ,
German Collection of Microorganisms and Cell Cultures,
Berlin, Germany, the Hungarian paprika pathogen Xan-
thomonas euvesicatoria from Janos Szarka (Primordium
Kft., Budapest, Hungary) and Arabidopsis pathogen Pseu-
domonas syringae pv. maculicola from Jun Fan (John Innes
Center, Department of Disease and Stress Biology, Norwich,
UK [11]).

2.2 High-performance thin-layer chromatography

HPTLC separation was achieved in a 20 cm X 10 cm unsatu-
rated chamber (CAMAG, Muttenz, Switzerland) with n-hex-
ane—isopropyl acetate (9:1, v/v) as the mobile phase. CEO
(30 mg/mL), citronellal (5 mg/mL), and citral (5 mg/mL)
dissolved in ethanol were applied manually in the range of
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2-5 pL at 8 mm height from the bottom edge in 6 mm bands
by a 10 pL syringe (Hamilton, Bonaduz, Switzerland). The
chromatoplates developed up to 8 cm from the lower edge
were dried by a cold air stream using a hair dryer (5 min) and
documented with a digital camera (Cybershot DSC-HX60,
Sony, Neu-Isenberg, Germany) under an ultraviolet (UV)
lamp (41 =254 nm) (CAMAG) and at Vis after derivatization
with vanillin—sulfuric acid reagent (200 mg vanillin +50 mL
ethanol + 1 mL concentrated sulfuric acid; the dipped plates
were heated to 110 °C for 5 min).

For isolation, 150 pL of citronella EO solution (30 mg/
mL) was applied manually as a 170 mm band by a 100 pL.
syringe and developed with the mobile phase n-hexane—iso-
propyl acetate (4:1, v/v). Then, zones of interest, determined
by vanillin-sulfuric acid reagent using the left side of the
chromatogram (0.5 cm), were scraped off from the remain-
ing underivatized part into a syringe with a Teflon filter
(0.22 pm, Phenomenex) and eluted with 500 pL of ethanol.
The eluates were analyzed by SPME-GC-MS.

2.3 HPTLC-bioassay

The bioassays were performed using B. subtilis, A. fischeri,
P. syringae pv. maculicola, and X. euvesicatoria bacterial
strains based on previously published methods [8]. Briefly,
the dried HPTLC plates developed for B. subtilis and X.
euvesicatoria bioassays were immersed into the appropri-
ate cell suspension, incubated for 2 h in a vapor chamber at
37 °C and 28 °C, respectively, stained with aqueous MTT
solution (100 mg in 100 mL of water) by immersion, and
after a 15-20 min incubation, the bioautograms were docu-
mented with the Cybershot DSC-HX60 digital camera. The
bright spots against the bluish background indicate the zones
of antibacterials.

In the cases of luminescent A. fischeri and P. syringae pv.
maculicola, the developed layers were dipped into the cell
suspensions and immediately put into a transparent glass
cage under a low-light camera (iBright FL1500 Imaging
System, Thermo Fisher Scientific, Budapest, Hungary). The
exposure time was 40—80 s for A. fischeri and 2—3 min for P.
syringae pv. maculicola. The dark zones lacking luminescent
viable cells indicate antibacterial activity.

2.4 SPME-GC-MS conditions

The analysis of the EO and its compounds was carried out
with an Agilent 6890N/5973N GC-MSD (Santa Clara, CA,
USA) system equipped with a Supelco (Sigma-Aldrich)
SLB-5MS capillary column (30 M X250 um X 0.25 um).
The GC oven temperature increased from 60 °C (3 min iso-
thermal) to 250 °C at 8 °C/min (1 min isothermal). High-
purity helium (6.0) was used as a carrier gas at 1.0 mL/
min (37 cm/s) in constant flow mode. Static headspace
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solid-phase microextraction (sHS-SPME) technique was
performed with an automatic multipurpose sampler (CTC
Combi PAL, CTC Analytics AG, Zwingen, Switzerland)
using a 65 pM StableFlex polydimethyl siloxane/carboxene/
divinyl benzene (CAR/PDMS/DVB) SPME fiber (Supelco,
Bellefonte, PA, USA) and 20 mL headspace vials. Extraction
was performed after a 5 min incubation at 100 °C by expos-
ing the fiber to the headspace for 10 min. Then, the fiber was
immediately transferred to the injector port and desorbed for
1 min at 250 °C. Cleaning and conditioning of the SPME
fiber was carried out in a Fiber Bakeout Station (Agilent) in
a pure nitrogen atmosphere at 250 °C for 15 min. The mass
selective detector was equipped with a quadrupole mass
analyzer and was operated in electron ionization mode at
70 eV in full scan mode (41-500 a.m.u. at 3.2 scan/s). MSD
ChemStation D.02.00.275 software (Agilent) was used for
data analysis. Compound identification was carried out by
comparing retention data and the recorded spectra with the
data of the NIST 2.0 library. Percentage evaluation included
area normalization.

3 Results and discussion

Antibacterial compounds of citronella EO were separated on
HPTLC layers using n-hexane—isopropyl acetate (9:1, V/V)
as the mobile phase and detected at UV 254 nm and after
derivatization with vanillin—sulfuric acid reagent and via
direct bioautographic antibacterial assays using Gram-pos-
itive B. subtilis and Gram-negative A. fischeri, P. maculicola,
and X. euvesicatoria (Fig. 1). Six chromatographic zones
at ARy 22 (cl), 27 (c2), 31 (c3), 52 (c4), 57 (c5), and 80
(c6) that showed antibacterial effect were marked (Fig. 1).
Derivatization with vanillin—sulfuric acid reagent showed

,

Fig.1 HPTLC chromatograms of citronella essential oil (o) and
standards (st) citronellal (c6), neral (c5), and geranial (c4), devel-
oped with n-hexane—isopropyl acetate (9:1, V/V) and detected at UV
254 nm (a), at white light illumination after derivatization with vanil-

all indicated zones in color (Fig. 1b). However, at 254 nm
(Fig. 1a), only zones c4 and c5 were detectable. Inhibition by
zones c1, c2, and c6 of the EO was visible against all bacte-
rial strains (Fig. 1c—f). Still, zone c3 exhibited strong activity
against B. subtilis and X. euvesicatoria, while it had a weak
effect against A. fischeri and P. maculicola. The EO seems to
contain zones c4 and c5 (Fig. 1a), but their ability for char-
acteristic inhibition against B. subtilis was low (Fig. 1c). In
the cases of other strains, the minimum inhibitory amounts
were not reached (Fig. 1d-f).

Using standard compounds, the presence of geranial,
neral, and citronellal was confirmed in zones c4—c6, respec-
tively (Fig. 1a, b). These compounds inhibited all strains and
were the constituents of the citronella EO, as confirmed by
SPME-GC-MS analysis (Fig. 2a). The main components of
the citronella EO are listed in Table 1.

The compounds in zones cl1—c3 responsible for the anti-
bacterial effect (Figs. 1 and 3) were identified by offline
SPME-GC-MS after scraping off and eluting with etha-
nol. HPTLC—-vanillin-sulfuric acid reagent (Fig. 3a) and
HPTLC-B. subtilis assay (Fig. 3b) confirmed the purity
and the bioactivity of the eluates at the appropriate hRg
and based on SPME-GC-MS analysis (Fig. 2), geraniol,
a-cadinol, and elemol were present in the inhibition zones
cl—c3 (Fig. 2b—g), respectively.

Citronellal, geranial, neral, geraniol, a-cadinol, and
elemol have been described as constituents of citronella
EO [4, 5, 12, 13], all displaying a cytotoxic effect [14—16].
Moreover, anti-inflammatory activities of a-cadinol [17],
elemol [18], and geraniol [19] have been reported. The
antibacterial effect of citronellal, citral, and geraniol has
been documented against diverse strains, among others,
Bacillus cereus, Staphylococcus aureus, Pseudomonas
aeruginosa, and Escherichia coli [20-23]. Geraniol and

o} o] o st o o st
5 2 4+4pL

1 05 1+1 5 2 343

lin-sulphuric acid reagent (b) and bioautograms after Bacillus subtilis
(¢), Aliivibrio fischeri (d), Pseudomonas syringae pv. maculicola (e),
and Xanthomonas euvesicatoria (f) bioassays. The compound zones
are indicated as c1-c6
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Fig.2 SPME-GC-MS total ion chromatograms of the citronella essential oil (a) and the isolates c1 (b), c2 (¢), and ¢3 (d) and the EI-MS spec-

trum of the isolated compounds (e—g, respectively)

citral displayed anti-yeast activity against Candida albi-
cans [24, 25] and citronellal and citral inhibited some
filamentous fungi, e.g., various Aspergillus strains [6,
26]. Among the four studied bacterial strains, only the
anti-Bacillus subtilis activity of citral has been reported

previously [27].

@ Springer

4 Conclusions

The combination of HPTLC—direct bioautography with
SPME-GC-MS enabled efficient screening and identifi-
cation of antibacterial compounds of citronella essential
oil, which were identified as citronellal, citral, geraniol,
a-cadinol, and elemol. To the best of our knowledge,
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Table 1 Main components of the citronella (Cymbopogon nardus)
essential oil and their percentage based on the peak area obtained by
SPME-GC-MS

Component tg (min) Percent area (%)
Limonene 7.3 1.3
Citronellal 10.1 21.5
Citronellol 11.6 15.0
Neral 11.8 0.3
Geraniol 12.1 22.7
Geranial 12.4 1.0
Citronellyl acetate 13.8 5.7
Eugenol 14.0 1.6
Neryl acetate 14.4 5.5
B-Elemene 14.7 3.1
y-Muurolene 16.3 1.4
a-Muurolene 16.5 1.6
y-Cadinene 16.8 1.3
p-Cadinene 16.9 4.9
Elemol 17.3 4.6
a-Cadinol 19.0 2.2

hR;
100
90
80
70
60
50
40
30
20
10

o «cl

c2 c3 o cl c2 c3

Fig.3 HPTLC chromatogram (a) and bioautogram (b) of citronella
essential oil (0) and isolates (c1-c3) developed with n-hexane—isopro-
pyl acetate (9:1, V/V) documented at white light after derivatization
with vanillin-sulfuric acid reagent (a) and after Bacillus subtilis (b)
bioassay

among the antibacterial effects demonstrated in this study,
only the anti-Bacillus subtilis activity of citral has been
previously known. Thus, this is the first report also about
the inhibition effect of citronella essential oil components
against plant pathogens P. maculicola and X. euvesicato-
ria, which can adumbrate the use of these compounds as
agrochemical agents after appropriate formulation.

Acknowledgements The authors thank Gyorgyi Horvath (Department
of Pharmacognosy, Faculty of Pharmacy, University of Pécs) for the
standard compounds.

Author contributions Conceptualization, methodology, resources,
supervision, and writing—original draft preparation: A.M.M. Formal
analysis and investigation: A.M.M., P.G.O.,M.B., and A.C. Writing—
review and editing: A M.M., P.G.O., and M.B.

Funding Open access funding provided by HUN-REN Centre for
Agricultural Research. Part of this work was funded by the National
Research, Development and Innovation Office of Hungary (grant
no. SNN139496, AM.M.).

Data availability The authors confirm that the data supporting the find-
ings of this study are available within the article.

Declarations

Conflict of interest The first and corresponding author, AM.M., is a
member of the Editorial Board of the journal. Therefore, the submis-
sion was handled by a different member of the editorial board, and she
did not take part in the review process in any capacity.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Sharma R, Rao R, Kumar S, Mahant S, Khatkar S (2019) Thera-
peutic potential of citronella essential oil: a review. Curr Drug
Discov Technol 16:330-339. https://doi.org/10.2174/1570163815
666180718095041

2. Mahmud DF, Ahmed Mahedi MR, Afrin S, Haque R, Hasan MS,
Sum FA, Bary MA, Syrmos N, Kuri OC (2022) Biological &
insecticidal effect of citronella oil: a short review. Clin Med Heal
Res J 2:261-265. https://doi.org/10.18535/cmhrj.v2i6.108

3. ZhaoJ, Fan Y, Cheng Z, Kennelly EJ, Long C (2024) Ethnobotani-
cal uses, phytochemistry and bioactivities of Cymbopogon plants:
areview. J Ethnopharmacol 330:118181. https://doi.org/10.1016/j.
jep.2024.118181

4. Bayala B, Coulibaly AY, Djigma FW, Nagalo BM, Baron S,
Figueredo G, Lobaccaro J-MA, Simpore J (2020) Chemical com-
position, antioxidant, anti-inflammatory and antiproliferative
activities of the essential oil of Cymbopogon nardus, a plant used
in traditional medicine. Biomol Concepts 11:86-96. https://doi.
org/10.1515/bmc-2020-0007

5. Piasecki B, Biernasiuk A, Skiba A, Skalicka-WozZniak K, Lud-
wiczuk A (2021) Composition, anti-MRSA activity and toxicity
of essential oils from Cymbopogon species. Molecules 26:7542.
https://doi.org/10.3390/molecules26247542

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2174/1570163815666180718095041
https://doi.org/10.2174/1570163815666180718095041
https://doi.org/10.18535/cmhrj.v2i6.108
https://doi.org/10.1016/j.jep.2024.118181
https://doi.org/10.1016/j.jep.2024.118181
https://doi.org/10.1515/bmc-2020-0007
https://doi.org/10.1515/bmc-2020-0007
https://doi.org/10.3390/molecules26247542

406

JPC-

Journal of Planar Chromatography — Modern TLC (2025) 38:401-406

10

11.

12.

13

15.

16.

Nakahar K, Alzoreky NS, Yoshihashi T, Nguyen HTT, Trakoon-
tivakorn G (2013) Chemical composition and antifungal activity
of essential oil from Cymbopogon nardus (citronella grass). Jpn
Agric Res Q JARQ 37:249-252. https://doi.org/10.6090/jarq.37.
249

Moéricz A, Horvéth G, Ott P (2015) Direct bioautographic detec-
tion of antibacterial components of clary sage and spearmint
essential oils. J Planar Chromatogr Mod TLC 28:173-177. https://
doi.org/10.1556/JPC.28.2015.2.15

Moéricz AM, Hébe TT, Boszorményi A, Ott PG, Morlock GE
(2015) Tracking and identification of antibacterial components
in the essential oil of Tanacetum vulgare L. by the combination
of high-performance thin-layer chromatography with direct bioau-
tography and mass spectrometry. J Chromatogr A 1422:310-317.
https://doi.org/10.1016/j.chroma.2015.10.010

Moéricz AM, Szarka S, Ott PG, Héthelyi EB, Sz6ke E, Tyihak E
(2012) Separation and identification of antibacterial chamomile
components using OPLC, bioautography and GC-MS. Med Chem
8:85-94. https://doi.org/10.2174/157340612799278487
Kolozsvariné Nagy J, Méricz AM, Boszorményi A, Ambrus
A, Schwarczinger I (2023) Antibacterial effect of essential oils
and their components against Xanthomonas arboricola pv. pruni
revealed by microdilution and direct bioautographic assays. Front
Cell Infect Microbiol 13:1204027. https://doi.org/10.3389/fcimb.
2023.1204027

Fan J, Crooks C, Lamb C (2008) High-throughput quantitative
luminescence assay of the growth in planta of Pseudomonas
syringae chromosomally tagged with Photorhabdus luminescens
luxCDABE. Plant J 53:393-399. https://doi.org/10.1111/j.1365-
313X.2007.03303.x

Giménez-Martinez P, Ramirez C, Mitton G, Meroi Arcerito F,
Ramos F, Cooley H, Fuselli S, Maggi M (2022) Lethal concentra-
tions of Cymbopogon nardus essential oils and their main com-
ponent citronellal on Varroa destructor and Apis mellifera. Exp
Parasitol 238:108279. https://doi.org/10.1016/j.exppara.2022.
108279

Trindade LA, Cordeiro LV, de Figuerédo SD, Figueiredo PTR,
de Pontes MLC, de Oliveira LE, de Albuquerque Tavares CA
(2022) The antifungal and antibiofilm activity of Cymbopogon
nardus essential oil and citronellal on clinical strains of Candida
albicans. Braz ] Microbiol 53:1231-1240. https://doi.org/10.1007/
s42770-022-00740-2

. Di Mola A, Massa A, De Feo V, Basile A, Pascale M, Aquino

RP, De Caprariis P (2017) Effect of citral and citral related
compounds on viability of pancreatic and human B-lymphoma
cell lines. Med Chem Res 26:631-639. https://doi.org/10.1007/
s00044-017-1779-z

Ou-Yang D-W, Wu L, Li Y-L, Yang P-M, Kong D-Y, Yang X-W,
Zhang W-D (2011) Miscellaneous terpenoid constituents of Abies
nephrolepis and their moderate cytotoxic activities. Phytochemis-
try 72:2197-2204. https://doi.org/10.1016/j.phytochem.2011.08.
003

Morikawa T, Nakanishi Y, Ninomiya K, Matsuda H, Nakashima
S, Miki H, Miyashita Y, Yoshikawa M, Hayakawa T, Muraoka
O (2014) Dimeric pyrrolidinoindoline-type alkaloids with mel-
anogenesis inhibitory activity in flower buds of Chimonanthus

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26

217.

praecox. J Nat Med 68:539-549. https://doi.org/10.1007/
s11418-014-0832-1

Nguyen LTK, Hoang HNT, Do TT, Tran TVA, Nguyen HT, Ho
DV (2023) Sesquiterpenoids from the rhizomes of Homalomena
pendula and their anti-inflammatory activities. Nat Prod Res
37:2559-2567. https://doi.org/10.1080/14786419.2022.2056182
Zheng D, Sun F, Wang H, Yang S, Ruan J, He W, Wang J, Guo
Y, Zhang Y, Wang T (2019) Isoprenoids obtained from Cortex
Dictamni and their nitric oxide inhibitory activities. Fitoterapia
139:104358. https://doi.org/10.1016/j.fitote.2019.104358

Pan J, Cai Y, Zhang C, Xu S (2023) Intra-articular delivery of
geraniol encapsulated by pH/redox-responsive nanogel amelio-
rates osteoarthritis by regulating oxidative stress and inflam-
mation. J Mol Histol 54:579-591. https://doi.org/10.1007/
$10735-023-10163-4

Balcerzak L, Surowiak AK, Groborz K, Strézak S, Piekarska K,
Strub DJ (2023) Comparative evaluation of mutagenic, geno-
toxic, cytotoxic, and antimicrobial effects of flavour and fra-
grance aldehydes, ketones, oximes, and oxime ethers. Toxicology
490:153510. https://doi.org/10.1016/j.t0x.2023.153510

Kranzler M, Frenzel E, Walser V, Hofmann TF, Stark TD, Ehling-
Schulz M (2021) Impact of phytochemicals on viability and
cereulide toxin synthesis in Bacillus cereus revealed by a novel
high-throughput method, coupling an AlamarBlue-based assay
with UPLC-MS/MS. Toxins 13:672. https://doi.org/10.3390/toxin
$13090672

Yang Z, He S, Wei Y, Li X, Shan A, Wang J (2023) Antimicrobial
peptides in combination with citronellal efficiently kills multidrug
resistance bacteria. Phytomedicine 120:155070. https://doi.org/10.
1016/j.phymed.2023.155070

Jirovetz L, Bail S, Buchbauer G, Denkova Z, Slavchev A, Stoy-
anova A, Schmidt E, Geissler M (2006) Antimicrobial testings,
gas chromatographic analysis and olfactory evaluation of an
essential oil of hop cones (Humulus lupulus L.) from Bavaria and
some of its main compounds. Sci Pharm 74:189-201. https://doi.
org/10.3797/scipharm.2006.74.189

Singh S, Fatima Z, Ahmad K, Hameed S (2018) Fungicidal action
of geraniol against Candida albicans is potentiated by abrogated
CaCdrlp drug efflux and fluconazole synergism. PLoS ONE
13:e0203079. https://doi.org/10.1371/journal.pone.0203079
Kim DJ, Lee MW, Choi JS, Lee SG, Park JY, Kim SW (2017)
Inhibitory activity of hinokitiol against biofilm formation in
fluconazole-resistant Candida species. PLoS ONE 12:e0171244.
https://doi.org/10.1371/journal.pone.0171244

Giamperi L, Bucchini AEA, Ricci D, Tirillini B, Nicoletti M,
Rakotosaona R, Maggi F (2020) Vepris macrophylla (Baker) 1.
Verd essential oil: an antifungal agent against phytopathogenic
fungi. Int J Mol Sci 21:2776. https://doi.org/10.3390/ijms210827
76

Chen S, LiZ, GuZ, Ban X, Hong Y, Cheng L, Li C (2023) A new
micro-agar dilution method to determine the minimum inhibitory
concentration of essential oils against microorganisms. J Micro-
biol Methods 211:106791. https://doi.org/10.1016/j.mimet.2023.
106791


https://doi.org/10.6090/jarq.37.249
https://doi.org/10.6090/jarq.37.249
https://doi.org/10.1556/JPC.28.2015.2.15
https://doi.org/10.1556/JPC.28.2015.2.15
https://doi.org/10.1016/j.chroma.2015.10.010
https://doi.org/10.2174/157340612799278487
https://doi.org/10.3389/fcimb.2023.1204027
https://doi.org/10.3389/fcimb.2023.1204027
https://doi.org/10.1111/j.1365-313X.2007.03303.x
https://doi.org/10.1111/j.1365-313X.2007.03303.x
https://doi.org/10.1016/j.exppara.2022.108279
https://doi.org/10.1016/j.exppara.2022.108279
https://doi.org/10.1007/s42770-022-00740-2
https://doi.org/10.1007/s42770-022-00740-2
https://doi.org/10.1007/s00044-017-1779-z
https://doi.org/10.1007/s00044-017-1779-z
https://doi.org/10.1016/j.phytochem.2011.08.003
https://doi.org/10.1016/j.phytochem.2011.08.003
https://doi.org/10.1007/s11418-014-0832-1
https://doi.org/10.1007/s11418-014-0832-1
https://doi.org/10.1080/14786419.2022.2056182
https://doi.org/10.1016/j.fitote.2019.104358
https://doi.org/10.1007/s10735-023-10163-4
https://doi.org/10.1007/s10735-023-10163-4
https://doi.org/10.1016/j.tox.2023.153510
https://doi.org/10.3390/toxins13090672
https://doi.org/10.3390/toxins13090672
https://doi.org/10.1016/j.phymed.2023.155070
https://doi.org/10.1016/j.phymed.2023.155070
https://doi.org/10.3797/scipharm.2006.74.189
https://doi.org/10.3797/scipharm.2006.74.189
https://doi.org/10.1371/journal.pone.0203079
https://doi.org/10.1371/journal.pone.0171244
https://doi.org/10.3390/ijms21082776
https://doi.org/10.3390/ijms21082776
https://doi.org/10.1016/j.mimet.2023.106791
https://doi.org/10.1016/j.mimet.2023.106791

	Antibacterial compounds of Cymbopogon nardus essential oil exposed by high-performance thin-layer chromatography–direct bioautography
	Abstract
	1 Introduction
	2 Experimental
	2.1 Materials
	2.2 High-performance thin-layer chromatography
	2.3 HPTLC–bioassay
	2.4 SPME–GC–MS conditions

	3 Results and discussion
	4 Conclusions
	Acknowledgements 
	References




