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Abstract

Essential oils (EOs) are liquid extracts from aromatic plants with many applications in diverse industries. Lemongrass
(Cymbopogon nardus Rendle) belongs to plants known for their many biological properties. The present study was
designed to evaluate commercial lemongrass essential oil (LGEO) in relationship to its chemical composition and in
vitro antifungal activity against four filamentous fungi of the genus Penicillium (P.) spp. (P. expansum, P. italicum, P.
aurantiogriseum, and P. chrysogenum). For these purposes, gas chromatography-mass spectrometry and disc diffusion
methods were used. The results from the volatile profile determination showed that citronellal (35.3%), geraniol
(23.4%), B-citronellol (11.7%), citronellyl acetate (3.9%) and a-limonene (3.8%) were the major components of the
EO chemical constitution. Lemongrass EO at the highest concentration (500 uL/L) exhibited the most effective (P <
0.05) inhibitory action (inhibition zones: 6.17 + 0.27 mm, 4.27 + 0.25 mm, 6.90 + 0.36 mm, 5.90 + 0.36 mm,
respectively) against the growth of all fungi strains (P. expansum, P. italicum, P. aurantiogriseum, and P.
chrysogenum) investigated. Based on the above-mentioned findings it can be seen that LGEO appears to be a promising
natural agent with an inhibitory effectiveness on the Penicillium spp. growth and thus, it can find an application in the
food industry.
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1. Introduction [3]. Herbs represent an invaluable source of
antimicrobial compounds; therefore, they appear to
be a promising option to solve this problem [4].
Medicinal plants have been used for many years for Due to a number of biological functions, essential
various applications, such as the treatment of  oils (EOs) are among the most widely used plant
diseases [1], perfumery and food preservation [2]. metabolites [5].
Due to the growing antibiotic resistance of Generally, plant EOs are complex mixtures of
microorganisms, as well as the emergence of new natural compounds, both polar and non-polar [6].
types of diseases, the scientific community is According to International Organization for
currently focusing on the development of new and ~ Standardization (1SO; 1SO/D1S9235.2), EOs are
effective natural drug / preservative alternatives  characterized as substances produced by
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distillation (water/steam/dry) or by mechanical
processing of natural materials; in terms that
substances are safer to consumers, as well as to
animals and to the whole environment [7]. In total,
approximately 3,000 types of these aromatic
substances are known in the world, of which 300
are of commercial interest in various industries [8].
Currently, there is a great demand for EOs obtained
from various species of Cymbopogon [9].
Lemongrass (Cymbopogan nardus) belongs to the
Poaceae family which is well-known besides others
as a source of cellulose, hemicellulose and lignin
[10]. Lemongrass EO (LGEOQO) is most often
extracted by steam distillation from fresh or dried
leaves of the plant [11]. On a large scale, it is
applied in commercial production, mainly in the
food (fragrances or flavors) and pharmaceutical
industries [12]. In addition, this volatile oil is
widely used in the perfumes and cosmetics
manufacturing sector [13]. Scientific research has
shown that the chemical composition of LGEO
exerts different biological functions including
antibacterial, antifungal [14], antioxidant, anti-
inflammatory, anxiolytic [15], and antinociceptive
[16] activities.

Therefore, in the present study, an effort was made
to determine the chemical profile and inhibitory
effectiveness of LGEO against the growth of
different Penicillium (P.) fungal strains (P.
expansum, P. italicum, P. aurantiogriseum, and P.
chrysogenum) as a potential preservative used in
the food sector or alternative for synthetic
antimicrobial agents employed in pharmaceuticals.

2. Materials and methods
2.1. Essential oil

Lemongrass essential oil (LGEO; Cymbopogon
nardus Rendle) was obtained from a commercial
company (Hanus Ltd, Nitra, Slovakia).

2.2. Strains of microscopic filamentous fungi

Four strains of microscopic filamentous fungi of
the genus Penicillium were used for analyzes (P.
expansum, P. italicum, P. aurantiogriseum, P.
chrysogenum). The fungi were isolated from a
variety of materials usable in the food sector, and
were subsequently identified using macro- and
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micro-morphological characteristics based on
mycological keys [17-19].

2.3. Determination of volatile substances

The chemical profile of LGEO was performed
using an Agilent 6890N gas chromatograph
coupled to quadrupole mass spectrometer 5975B as
reported by Valkova et al. [20]. The individual
peaks of samples were identified based on their
retention indices [21], and they were compared
with the library mass spectral database (Wiley and
NIST databases), as well. The retention indices
were experimentally determined using the standard
method [22] which included retention times of n-
alkanes (C6-C34), injected under the same
chromatographic conditions. The percentage
composition of compounds (relative quantity;
amounts higher than 0.1%) were derived from their
GC peak areas.

2.4. In vitro antifungal activity by disc diffusion
assay

Testing of the antifungal properties of LGEO was
performed using the agar disc diffusion method
according to the Valkova et al. [20] with minor
modifications. For this purpose, an aliquot of 0.1
mL of fungal strains in distilled water was
inoculated on Sabouraud dextrose agar (SDA).
Subsequently, the discs of filter paper (6 mm) were
impregnated with 10 pL of LGEO samples (in
concentrations: 62.5, 125, 250, and 500 pL.L%),
then applied on the SDA surface, and incubated at
25 °C for 5 days. The discs impregnated with
ethanol served as negative controls. After
incubation, the diameters of the inhibition zones
(mm) were measured. Each test was repeated three
times (one repetition reflected one separate plate).
The values for inhibitory activity increased in the
following manner: weak antifungal activity (5 — 10
mm) < moderate antifungal activity (5 — 10 mm) <
very strong antifungal activity (zone > 15 mm).

2.5. Statistical analysis

Statistical analyses were performed using program
Prism 8.0.1 (GraphPad Software, San Diego,
California, USA). Means and standard deviations
were calculated for each measurement. One-way
analysis of variance (ANOVA) followed by
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Tukey’s test were used to evaluate the significance
of differences between analyzed groups of samples.
Probability values less than 0.05 (P < 0.05) were
accepted as significant.

3. Results and discussion
3.1. Chemical composition of LGEO

Determination of EOs chemical composition is a
crucial step needed to understand their biological
activities [23]. Therefore, the chemical compounds
of our LGEO were detected; those representing
more than 0.1% of total EO are listed in Table 1.
From the findings it can be seen that 26 different
volatile components were detected in LGEO,
comprising 99.2% of the total EO volatile
constituents. The EO was particularly rich in
citronellal (35.3%) followed by geraniol (23.4%),
and B-citronellol (11.7%).

According to Nhu-Trang et al. [24] citronellal, as
one of the important monoterpene aldehydes
(causing the intense aroma of EOs), is a main
component of lemongrass. Similar to our finding,
the concentrations of citronellal (35.5 and 37.8%),
as the major compound of LGEO, were detected in
the studies performed by Koba et al. [25], and
Trindade et al. [26], respectively. Lower
concentration of citronellal (29.6%) has been
reported by Wei and Wee [27]. Inconsistently with
our research, citral (43.8%), z-citral (18.9%),
geranyl acetate (5.3%) and trans-geraniol (3.7%)
have been found to be the main constituents in the
EO of lemongrass employed in the research of
Pandey et al. [28]. We propose that the above
mentioned differences in chemical compositions of
these LGEO used in the reports may be associated
with various factors such as genetic diversity,
habitat, agronomic practices and also geoclimatic

conditions [29] which must be kept in mind in such
comparisons.

Other frequently isolated components of LGEO
such as -ocimene, linalool, citronellol, neral, and
geranial [30, 31] were also identified in the
composition of our LGEO.

3.2. Invitro antifungal activity of LGEO

The inhibitory effects of increasing LGEO
concentrations (from 62.5 to 500 pL.L?) on the
growth of P. chrysogenum, P. aurantiogriseum, P.
expansum and P. italicum have been revealed in the
present study. As summarized in Table 2, the
growth of these four fungi was influenced by the
EO in a concentration-dependent manner. Indeed,
the dramatically strongest inhibitory activity (P <
0.05) was induced by the highest concentration
(500 pL.L 1) of LGEO which was manifested by the
following inhibition zones: 5.90 + 0.36 mm in P.
chrysogenum, 690 + 036 mm in P.
aurantiogriseum, 6.17 + 0.27 mm in P. expansum,
and 4.27 £ 0.25 mm in P. italicum.

Although the antifungal activity of LGEO was
reported  several times (largely against
phytopathogens and dermatophytes), its activities
against food spoilage fungi strains were only
slightly investigated [32]. Many of these studies
showed that Cymbopogon EOs is able to reduce or
completely inhibit the growth of different type of
microorganisms depending on their concentrations
[33-35].

In agreement with our study, Baratta et al. [36]
reported 91% growth inhibition of Aspergillus
niger due to the antifungal action of lemongrass EO
(1000 pL.L ). Also, Mishra and Dubey [37] found
that LGEO in concentrations of 500 and 1000 pL.L-
! reduced the growth of Fusarium verticillioides by
90 and 100%, respectively.

Table 1. Chemical composition of Lemongrass EO

Compound? %2 Compound* %2 | Compound? %2 | Compound? %2
citronellal 35.3 | 6-cadinene 1.7 | (E)-caryophyllene | 0.5 | (E)-B-ocimene | 0.2
geraniol 23.4 | germacrene D-4-ol 1.3 | a-muurolene 0.4 | n-decanal 0.2
B-citronellol 11.7 | isopulegol 1.3 | methyl isoeugenol | 0.3 | germacrene A 0.2
citronellyl acetate 3.9 eudesm-7(11)-en-4-ol | 1.0 | (E,E)-a-farnesene | 0.3 | a-eudesmol 0.2
a-limonene 3.8 linalool 0.9 | a-cadinol 0.5 | germacrene D 1.9
geranyl acetate 34 a-amorphene 0.9 | neral 0.5 | B-elemene 1.7
geranial 0.8 | elemol 29 | TOTAL 99.2

!Identified compounds.
ZPercentage of compounds in amounts more than 0.1 %.
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Table 2. In vitro antifungal activity of Lemongrass EO

Lemongrass EO (uL.L™?)

Fungi strains 62.5 125 250 500

P. chrysogenum 2.20+£0.26 2 3.17+£0.29° 410+0.36° 5.90 +0.36 * ¢
P. aurantiogriseum 1.80+0.26° 273+0.25° 450+050° 6.90 +0.36 * ¢
P. expansum 1.17+0.29% 2.33+0.58° 400+050° 6.17 +0.27 * ¢
P. italicum 2.03+0.15° 210+0.10° 2.17+0.29° 4.27+0.25°

Means + standard deviation.

Values followed by different superscripts within the same row are significantly different (p< 0.05). * Weak
antifungal activity (zone 5-10 mm). ** Moderate inhibitory activity (zone > 10 mm). *** Very strong inhibitory

activity (zone > 15 mm).

The antifungal activity against the growth of
Candida (C.) albicans and C. krusei was attributed
to citronellal contained in LGEO in the study by
Toledo et al. [38], i.e., to the major compounds of
our EO. Moreover, the second most abundant
constituent detected in our LGEO, geraniol, is also
involved in LGEO antifungal efficacy [32]

4. Conclusions

The current study has revealed the volatile fraction
and in vitro antifungal properties of commercial
LGEO. Regarding the chemical composition, the
major compounds of LGEO were found to be
citronellal (35.3%), geraniol (23.4%), B-citronellol
(11.7%), citronellyl acetate (3.9%) and a-limonene
(3.8%). All the tested Penicillium spp. strains (P.
expansum, P. italicum, P. aurantiogriseum, and P.
chrysogenum) were the most sensitive to LGEO in
the highest concentration (500 pL.L™). Hence, our
data confirm the possibility of the application of
Cymbopogon nardus EO as an alternative to
synthetic agents applied for food preservation to
extend their shelf life.

Acknowledgements

The research leading to these results has received
funding from the grants of the KEGA no. 010SPU-
4/2021.

References

1. Tohidi, B., Rahimmalek, M., Trindade, H., Review on
essential oil, extracts composition, molecular and
phytochemical properties of Thymus species in Iran. Ind
Crops Prod. 2019, 134, 89-99.
doi:10.1016/j.indcrop.2019.02.038

76

2. Zrira, S., Some important aromatic and medicinal
plants of Morocco. third ed., In: Medicinal and Aromatic
Plants of the World-Africa Volume. Springer,
Dordrecht, 2017, pp. 91-125

3. Capita, R., Alonso-Calleja, C., Antibiotic-resistant
bacteria: a challenge for the food industry. Crit Rev
Food. 2013, 53(1), 11-48.
doi:10.1080/10408398.2010.519837

4. Sakkas, H., Papadopoulou, C., Antimicrobial activity
of basil, oregano, and thyme essential oils. J. Microbiol.
Biotechnol. 2017, 27(3), 429-438.
d0i:10.4014/jmb.1608.08024

5. Alvarez-Martinez, F. J., Barrajon-Catalan, E.,
Herranz-Lopez, M., Micol, V., Antibacterial plant
compounds, extracts and essential oils: An updated
review on their effects and putative mechanisms of
action. Phytomedicine. 2021, 153626.
doi:10.1016/j.phymed.2021.153626

6. Macwan, S. R., Dabhi, B. K., Aparnathi, K. D.,
Prajapati, J. B., Essential oils of herbs and spices: Their
antimicrobial activity and application in preservation of
food. Int. j. curr. microbiol. appl. sci. 2016, 5(5), 885-
901. doi:10.20546/ijcmas.2016.505.092

7. Restuccia, C., Conti, G. O., Zuccarello, P., Parafati,
L., Cristaldi, A., Ferrante, M., Efficacy of different citrus
essential oils to inhibit the growth and B1 aflatoxin
biosynthesis of Aspergillus flavus. Environ. Sci. Pollut.
Res. 2019, 26(30), 31263-31272. doi:10.1007/s11356-
019-06169-9

8. Burt, S. A., Reinders, R. D., Antibacterial activity of
selected plant essential oils against Escherichia coli
0157: H7. Lett Appl Microbiol. 2003, 36(3), 162-167.
d0i:10.1046/j.1472-765X.2003.01285.x

9. Miguel, M. G., Antioxidant and anti-inflammatory
activities of essential oils: a short review. Molecules.
2010, 15(12), 9252-9287.
doi:10.3390/molecules15129252

10. Kamaruddin, Z. H., Jumaidin, R., Selamat, M. Z.,
llyas, R. A., Characteristics and Properties of
Lemongrass (Cymbopogan Citratus): A Comprehensive
Review. J. Nat. Fibers. 2021, 1-18.
d0i:10.1080/15440478.2021.1958439


https://doi.org/10.1016/j.indcrop.2019.02.038

Valkova V. et al./Scientific Papers: Animal Science and Biotechnologies, 2022, 55 (2)

11. Tiwari, M., Dwivedi, U. N., Kakkar, P., Suppression
of oxidative stress and pro-inflammatory mediators by
Cymbopogon  citratus D.  Stapf extract in
lipopolysaccharide  stimulated  murine  alveolar
macrophages. Food Chem. Toxicol. 2010, 48(10), 2913-
2919. doi:10.1016/j.fct.2010.07.027

12. Lal, M., Baruah, J., Begum, T., Pandey, S. K.,
Identification of a novel myrcene and methyl iso-
eugenol rich essential oil variant (Jor Lab L-11) of
lemongrass (Cymbopogon flexuosus L.). J. Essent. Oil-
Bear. 2020, 23(4), 660-668.
d0i:10.1080/0972060X.2020.1823893

13. Almeida, R. N., Navarro, D. S., Barbosa-Filho, J. M.,
Plants with central analgesic activity. Phytomedicine.
2001, 8(4), 310-322. doi:10.1078/0944-7113-00050

14. Boukhatem, M. N., Kameli, A., Ferhat, M. A., Saidi,
F., Tayebi, K., The food preservative potential of
essential oils: is lemongrass the answer?. J Verbrauch
Lebensm. 2014, 9(1), 13-21. doi:10.1007/s00003-013-
0852-x

15. Olorunnisola, S. K., Asiyanbi, H. T., Hammed, A.
M., Simsek, S., Biological properties of lemongrass: An
overview. Int. Food Res. J. 2014, 21(2), 455.

16. Shah, G., Shri, R., Panchal, V., Sharma, N., Singh,
B., Mann, A. S., Scientific basis for the therapeutic use
of Cymbopogon citratus, stapf (Lemon grass). JAPTR.
2011, 2(1), 3. d0i:10.4103/2231-4040.79796

17. Samson, R. A., Hoekstra, E. S., Frisvad, J.C.,
Filtenborg, O., Introduction to food- and airborne fungi.
6th revised ed. (with some corrections). 2002. Utrecht :
Centraalbureau voor Schimmelcultures. pp. 389 p. ISBN
90-70351-42-0.

18. Pitt, J. 1., Hocking, A. D., Fungi and Food Spoilage.
2009. third. ed. London : Springer, pp. 519. ISBN 978-
0-387-92206-5.

19. Samson, R. A., Houbraken, J., Thrane, U., Frisvad,
J. C., Andersen, B., Food and Indoor Fungi. 2010.
Utrecht : CBS — KNAW Fungal Biodiversity Centre, pp.
390. ISBN 978-90-70351-82-3.

20. Valkova, V., Duaranova, H., Galovicova, L.,
Vukovic, N. L., Vukic, M., Kaganiova, M., In Vitro
Antimicrobial Activity of Lavender, Mint, and
Rosemary Essential Oils and the Effect of Their VVapours
on Growth of Penicillium spp. in a Bread Model System.
Molecules. 2021, 26(13), p. 3859.
doi:10.3390/molecules26133859

21. Adams, R. P., ldentification of Essential Oil
Components by Gas Chromatography/Mass
Spectrometry. 2007. USA Allured Publishing
Corporation, Carol Stream, IL. pp. 456. ISBN 978-1-
932633-11-4.

22. Van Den Dool, H., Kratz, P. D., A Generalization of
the Retention Index System Including Linear
Temperature  Programmed  Gas-Liquid  Partition
Chromatography. J. Chromatogr. A. 1963, 11, 463-471.

77

23. Wan, J., Zhong, S., Schwarz, P., Chen, B., Rao, J.,
Physical properties, antifungal and mycotoxin inhibitory
activities of five essential oil nanoemulsions: Impact of
oil compositions and processing parameters. Food
Chem. 2019, 291, 199-206.
doi:10.1016/j.foodchem.2019.04.032

24. Nhu-Trang, T. T., Casabianca, H., Grenier-
Loustalot, M. F., Authenticity control of essential oils
containing citronellal and citral by chiral and stable-
isotope gas-chromatographic analysis. Anal. Bioanal.
Chem. 2006, 386(7), 2141-2152. doi:10.1007/s00216-
006-0842-2

25. Koba, K., Sanda, K., Guyon, C., Raynaud, C.,
Chaumont, J. P., Nicod, L., In vitro cytotoxic activity of
Cymbopogon citratus L. and Cymbopogon nardus L.
essential oils from Togo. Bangladesh J. Pharmacol.
2009, 4(1), 29-34. d0i:10.3329/bjp.v4i1.1040

26. Trindade, L. A., de Aradjo Oliveira, J., de Castro, R.
D., de Oliveira Lima, E., Inhibition of adherence of C.
albicans to dental implants and cover screws by
Cymbopogon nardus essential oil and citronellal. Clin.
Oral Investig. 2015, 19(9), 2223-2231.
doi:10.1007/s00784-015-1450-3

27. Wei, L. S., Wee, W., Chemical composition and
antimicrobial activity of Cymbopogon nardus citronella
essential oil against systemic bacteria of aquatic animals.
Iran J Microbiol. 2015, 5(2), 147.

28. Pandey, A. K., Rai, M. K., Acharya, D., Chemical
composition and antimycotic activity of the essential oils
of corn mint (Mentha arvensis) and lemon grass
(Cymbopogon flexuosus) against human pathogenic
fungi. Pharm. Biol. 2003, 41(6), 421-425.
doi:10.1076/phbi.41.6.421.17825

29. Paviani, L., Pergher, S. B. C., Dariva, C.,
Application of molecular sieves in the fractionation of
lemongrass oil from high-pressure carbon dioxide
extraction. Brazilian J. Chem. Eng. 2006, 23, 219-225.

30. Torres, R. C., Ragadio, A. G., Chemical composition
of the essential oil of Philippine Cymbopogon citratus
(DC) Stapf. Philipp J. Sci. 1996, 125(2), 147-156.

31. Schaneberg, B. T., Khan, I. A., Comparison of
extraction methods for marker compounds in the
essential oil of lemon grass by GC. J. Agric. Food Chem.
2002, 50(6), 1345-1349. doi:10.1021/jf011078h

32. Abe, S, Sato, Y., Inoue, S., Ishibashi, H.,
Maruyama, N., Takizawa, T., Yamaguchi, H., Anti-
Candida albicans activity of essential oils including
Lemongrass (Cymbopogon citratus) oil and its
component, citral. Nippon Ishinkin Gakkai Zasshi.
2003, 44(4), 285-291. doi:10.3314/jjmm.44.285

33. Wannissorn, B., Jarikasem, S., Soontorntanasart, T.,
Antifungal activity of lemon grass oil and lemon grass
oil cream. Phytother Res. 1996, 10(7), 551-554.

34. Tzortzakis, N. G., Economakis, C. D., Antifungal
activity of lemongrass (Cympopogon citratus L.)



Valkova V. et al./Scientific Papers: Animal Science and Biotechnologies, 2022, 55 (2)

essential oil against key postharvest pathogens. IFSET.
2007, 8(2), 253-258. doi:10.1016/j.ifset.2007.01.002
35. da Silva, C. D. B., Guterres, S. S., Weisheimer, V.,
Schapoval, E. E., Antifungal activity of the lemongrass
oil and citral against Candida spp. Braz J Infect Dis.
2008, 12(1), 14.

36. Baratta, M. T., Dorman, H. D., Deans, S. G,
Figueiredo, A. C., Barroso, J. G., Ruberto, G,
Antimicrobial and antioxidant properties of some
commercial essential oils. Flavour Fragr J. 1998, 13(4),
235-244, d0i:10.1002/(SICI1)1099-
1026(1998070)13:4<235::AID-FFJ733>3.0.CO;2-T

78

37. Mishra, A. K., Dubey, N., Evaluation of some
essential oils for their toxicity against fungi causing
deterioration of stored food commodities. Appl.
Environ.  Microbiol. 1994, 60(4), 1101-1105.
doi:10.1128/aem.60.4.1101-1105.1994

38. Toledo, L. G., Ramos, M. A. D. S., Sposito, L.,
Castilho, E. M., Pavan, F. R., Lopes, E. D. O., De
Almeida, M. T. G., Essential oil of Cymbopogon nardus
(L)) Rendle: A strategy to combat fungal infections
caused by Candida species. Int. J. Mol. Sci. 2016, 17(8),
1252. doi:10.3390/ijms17081252.


https://doi.org/10.1128/aem.60.4.1101-1105.1994

