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Abstract: Chemical composition of the essential oils (EO) of Pelargonium grave-
olens, Leptospermum petersonii and Cymbopogon martinii var. motia, and the 
absolute of Rosa centifolia and their bioactivity were examined. Major com-
pounds in P. graveolens EO were monoterpene alcohols citronellol, geraniol and 
linalool; in L. petersonii EO monoterpene aldehydes geranial, neral and citro-
nellal; in C. martiniii var. motia EO monoterpene alcohol geraniol and ester 
geranyl acetate, while in absolute of R. centifolia aromatic alcohol 2-phenyletha-
nol. The EO of L. petersonii showed the strongest antibacterial while the EO of 
C. martinii var. motia the strongest antifungal potential. The best biofilm inhi-
bition capacity was observed with R. centifolia absolute. The results of scanning 
electron microscopy analysis indicated that the EOs of L. petersonii and P. 
graveolens changed the number and morphology of C. albicans cells. The L. 
petersonii EO was the most potent toward tumour cells and exhibited the best 
biological activity. This is first comparative report summarizing efficacy of stu-
died aromatic samples against pathogenic microbes, providing deeper insight into 
the modes of antimicrobial action, and at the same time describing their cyto-
toxicity against cell lines. 
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INTRODUCTION 
In addition to the fact that synthetic drugs have numerous side effects, the 

increase in resistance to commonly used antimicrobial agents seriously worries 
health professionals worldwide. Although the use of plants in treatments of various 
human health issues originates in the distant past,1 the secondary metabolites they 
produce still attracts considerable attention of researchers in attempt to discover 
their safe application.2 Aromatic plants are rich in compounds with terpene core 
(present in their essential oils), which exhibit a range of important biological pro-
perties, such as antibacterial, antifungal, antiviral, cytotoxic, anticancer, anti-inf-
lammatory, etc.3 A number of them appear promising for resolving some human 
health issues, as a vast of scientific studies already proved their strong potential 
against certain harmful microbes,4–6 but also some other important activities, inc-
luding antibiofilm,7,8 antitumor,9 antiquorum sensing10,11 and antioxidant.12–14 As 
the balance between free radicals and antioxidants is crucial for a proper physio-
logical functioning of the human body, in addition to the fact that some commonly 
used synthetic antioxidants proved to be dangerous to humans, it is not surprising 
that the search for safe and effective natural antioxidants, particularly among the 
essential oils, has been in focus in the recent years.15 

Consequently, the aim of this study was to determine chemical composition of 
three commercial essential oils (Pelargonium graveolens, Cymbopogon martinii 
var. motia and Leptospermum petersonii) and an absolute (Rosa centifolia), and 
estimate their antimicrobial, antioxidant, and to the authors’ best knowledge, for 
the first time, their cytotoxic, antibiofilm and antiquorum sensing potential. The 
study was performed in an attempt to contribute to the industrial application of 
tested aromatic products as they could be promising for use in human health 
treatments. 

EXPERIMENTAL 
Origin of aromatic samples 

Four products from the aromatic products collection of the Institute for Medicinal Plant 
Research “dr Josif Pančić“ Belgrade, Serbia, were used in the study: the essential oil from the 
flowers of Pelargonium graveolens L’Hér., the essential oil from the leaves of Leptospermum 
petersonii F.M. Bailey, the essential oil from the aboveground plant parts of Cymbopogon 
martinii (Roxb.) Wats. var. motia Burk., and the absolute from the petals of Rosa centifolia L. 
Chemical analysis of aromatic samples 

The gas chromatography analysis was performed using GC Agilent Technologies 7890A 
apparatus equipped with the split–splitless injector and automatic liquid sampler, attached to 
HP-5 column, coupled with flame-ionisation detector, while the gas chromatography/mass 
spectrometry analysis was performed using HPG 1800 C Series II GCD analytical system 
equipped with HP-5MS column. Relative percentage of components in the samples was cal-
culated from the peak areas of the area-percentage reports (as a result of standard processing 
of GC-FID chromatograms), without correction factors, using the normalization method. The 
preparation of aromatic samples, details on the used columns and the operating conditions for 
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both apparatuses, as well as the procedures for identification and quantification of individual 
constituents in studied aromatic samples are all explained in the previous study.16 
Microorganisms 

Following oral bacteria and fungi were included in this study: clinical isolates of Strepto-
coccus sanguis (IBR S002 & IBR S003), Streptococcus pyogenes (IBR S004 & IBR S005), 
Streptococcus mutans (IBR S001), Pseudomonas aeruginosa (IBR P001), Lactobacilus sp. 
(IBR L002) and the Staphylococcus aureus ATCC 25923, as well as clinical isolates of Can-
dida spp., and Candida albicans ATCC 10231 and Candida tropicalis ATCC 750. The refer-
ent strains used in this study were purchased from American Type Culture Collection 
(ATCC), Manassas, VA, USA, while the clinical isolates were taken from the patients at the 
Department of Pediatric and Preventive Dentistry, Faculty of Dental Medicine, University of 
Belgrade, Serbia, and identified as previously reported.17,18 
Antimicrobial activity 

Minimum inhibitory concentration (MIC), and minimum bactericidal (MBC) or fungi-
cidal concentrations (MFC) were determined by microdilution method as previously des-
cribed.19,20 As a positive control Hexoral® (Hemofarm, Serbia) was included.  
Antibiofilm activity  

The impact of selected aromatic samples on the course of biofilm formation by S. mutans 
and C. albicans was estimated by using crystal violet dye, as described previously.21 The opti-
cal readings were performed in an automated Elisa reader at a wavelength of 570 nm. The 
results were presented as inhibition percentages. Three commercial medicaments were used as 
positive controls, antibiotics Streptomycin and Ampicillin and antifungal drug fluconazole 
(Sigma, USA). 
Scanning electron microscopy (SEM) of pre-formed C. albicans biofilm  

The SEM observations were conducted on C. albicans cells. The microbial cells were 
treated with hexamethyldisilazane (HMDS, Polyisience, Europe GmbH, Germany), placed on 
aluminium columns and covered with a layer of gold, and then viewed under SEM (JOEL 
JSM5300), as reported by Braga et al.22 
Cytotoxicity against tumour and non-tumour cells 

Cytotoxic activity of four aromatic products were investigated on five human tumour cell 
lines, as follows: MCF-7 (breast adenocarcinoma), NCI-H460 (non-small cell lung cancer), 
HCT-15 (colon carcinoma), HeLa (cervical carcinoma), and HepG2 (hepatocellular carci-
noma). Sulforhodamine B assay was carried out as previously described.23  

For hepatotoxicity evaluation in PLP2 cells, cell culture was prepared according to the 
previously established procedure.24 As a positive control, Ellipticine was used, and the results 
were presented as GI50 values (sample concentration responsible for 50 % inhibition of the net 
cellular growth).  
Statistical analysis 

In all the assays, three replications of the samples were used and triplicates for each 
concentration reading were carried out. The results were expressed as mean values ± standard 
deviation (SD) and analysed as a one-way analysis of variance (ANOVA) using IBM SPSS 
Statistics for Windows, version 23.0 (IBM Corp., Armonk, New York, USA). 
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RESULTS AND DISCUSSION 
Composition of aromatic samples 

Comparative presentation of chemical compositions of EOs of P. graveolens, 
L. petersonii, C. martinii var. motia and R. centifolia absolute is given in Table I. In 
total, 43 different compounds were identified. Oxygenated monoterpenes repre-
sented the major portion in all EOs, with the highest content confirmed in C. marti-
nii var. motia EO (98.48 %), while in R. centifolia absolute oxygenated monoter-
penes also represented a great portion (34.7 %) but the major constituents belonged 
to a group of benzenoid/phenylpropenoid compounds (60.09 %). 

TABLE I. Results of chemical analysis (Content, %) of commercial aromatics samples used in 
the current study 

RI EO constituent 
Essential oils Absolute 

Microorganism 
P. graveolens L. petersonii C. martini var. motia R. centifolia 

925 α-Pinene 0.3 0.3 
984 Dehydro-1,8-Cineol 0.1 
1067 cis-Linalool oxide 0.2 
1094 Linalool 11.4 2.3 2.1 
1104 cis-Rose oxide 1.0 
1111 Phenyl ethyl alcohol 57.7 
1120 trans-Rose oxide 0.4 
1139 trans-Verbenol 4.8 
1145 Menthone 3.9 
1147 Citronellal 21.1 
1156 iso-Menthone 2.7 
1186 α-Terpineol 0.4 
1224 Citronellol 27.0 8.5 21.6 
1236 Neral 0.4 22.2 0.9 
1250 Geraniol 19.2 3.3 76.9 12.1 
1266 Geranial 0.7 32.9 2.1 
1269 Citronellyl formate 8.7 0.5 
1295 Geranyl formate 5.5 0.9 
1349 Citronellyl acetate 0.5 0.5 
1356 Eugenol 2.2 
1365 α-Copaene 0.4 
1374 β-Bourbonene 0.3 
1377 Geranyl acetate 15.7 
1382 β-Elemene 1.0 3.8 
1407 Methyl eugenol 0.2 
1408 cis-Caryophyllene 1.2 0.8 1.4 
1428 α-Guaiene 0.9 
1432 6,9-Guaiadiene 5.6 
1438 Aromadendrene 0.3 
1468 Geranyl propanoate 0.7 
1506 Geranyl isobutanoate 0.3 
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TABLE I. Continued 

RI EO constituent 
Essential oils Absolute 

Microorganism 
P. graveolens L. petersonii C. martini var. motia R. centifolia 

1513 δ-Cadinene 1.6 
1520 Citronellyl butanoate 0.6 
1554 Geranyl butanoate 0.9 
1557 trans-Nerolidol 0.7 
1584 2-Phenyl ethyl tiglate 1.6 
1594 Geranyl isovalerate 0.4 
1658 trans-Citronellyl tiglate 0.3 
1689 Heptadecane (C17)  0.8 
1693 Geranyl tiglate 1.6 
1861 n-Hexadecanol 1.5 
1887 Nonadecane (C19) 0.5 
2076 n-Octadecanol 0.8 
Monoterpene hydrocarbons 0.32 0.25 0.00 
Oxygenated monoterpenes 82.10 95.09 98.48 34.74 
Sesquiterpene hydrocarbons 11.38 3.82 0.82 1.37 
Benzoid/phenylpropanoid cmpds. 60.09 
Oxygenated sesquiterpenes 6.21 0.00 0.70 
Aliphatic hydrocarbons 1.32 
Oxygenated aliphatics 2.30 
Total of identified constituentsa 100.0 99.16 100.0 99.83 
aRelative percentage of identified constituents are obtained by GC-FID peak areas 

Thirty-one compounds were identified in P. graveolens EO, as presented in 
Table I; citronellol and geraniol were the major constituents followed by linalool, all 
of them being monoterpene alcohols (57.6 % of EO). Similar to our results, Ben 
ElHadj Ali et al.25 showed the same major constituents in P. graveolens EOs from 
Tunisia.  

In the EO of L. petersonii, 10 compounds were identified (Table I), among 
which geranial (32.9 %) was the major one, followed by neral and citronellal, all of 
them belonging to monoterpene aldehydes (76.2 % of EO). A huge variation in the 
chemical composition of L. petersonii EO was recently confirmed26 in L. peter-
sonii EO from Australia with the major constituent being geranyl acetate (31.4 %). 
In our study L. petersonii EO the most nearly resembles L. petersonii EO – type 
I,27 which has a pleasant scent and is abundant in monoterpene aldehydes (ger-
anial, neral and citronellal) that represent 83.5 % of EO. Apart to this, our EO also 
contained monoterpene alcohols: citronellol and geraniol (11.8 %).  

In the EO of C. martiniii var. motia (syn. C. martiniii var. martinii), 8 consti-
tuents were identified (Table I). The most dominant was monoterpene alcohol ge-
raniol (76.9 %), followed by its ester geranyl acetate; together they accounted for 
92.6 % of the EO. According to Kakaraparthi et al.,28 the contents of geraniol 
and geranyl acetate in the EO are inversely related, and depend on the harvest time.  
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In R. centifolia absolute, 12 compounds were identified, as presented in Table 
I, the major compound was aromatic alcohol 2-phenylethanol (57.7 %), followed 
by monoterpene alcohols, citronellol (21.6 %) and geraniol (12.1 %). Although not 
so extensively studied, chemical characterization of Rosa centifolia L. absolute was 
previously reported;29 the most abundant constituents were 2-phenylethanol (66.5 
and 64.8–73.0 %, respectively), followed by citronellol (10.1 and 8.8–12.0 %, 
respectively) and geraniol (5.6 and 4.9–6.4 %, respectively), which is in agreement 
with our findings. 

Although the chemical composition of selected essential oils and an absolute 
were more or less recently reported, as discussed above, this is the first compar-
ative comprehensive report on their chemistry. 
Antimicrobial activity 

The obtained results of antibacterial and antifungal activity are summarized 
in Tables II and III, respectively. The tested aromatic samples exhibited signi-
ficant antimicrobial activity against all strains, and the inhibition values ranged as 
follows: MIC 0.01–0.50 mg mL–1, MBC 0.03–1.00 mg mL–1. Among the four 
tested aromatic samples, the EO of C. martiniii var. motia exhibited the lowest 
antibacterial potential (MIC 0.25–0.50 mg mL–1, MBC 0.50–1.00 mg mL–1). On 
the other hand, the EO of L. petersonii EO proved to have the strongest achieve-
ments (MIC 0.01–0.25 mg mL–1, MBC 0.03–0.25 mg mL–1, Table II). 

TABLE II. Antibacterial activity of tested aromatic samples compared to Hexoral (MIC and 
MBC in mg/mL) 

Bacteria 
Essential oils Absolute Hexoral® 

C. martini var. motia P. graveolens L. petersonii R. centifolia 
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 

S. aureus 0.50 1.00 0.50 1.00 0.13 0.25 0.13 0.25 1.56 3.12 
S. pyogenes 0.50 1.00 0.50 1.00 0.13 0.25 0.25 0.50 0.65 1.31 
S. mutans 0.50 1.00 0.50 1.00 0.06 0.13 0.25 0.50 1.56 3.12 
L. acidophilus 0.25 0.50 0.25 0.50 0.06 0.13 0.13 0.25 1.56 3.12 
S. salivarius 0.50 1.00 0.25 0.50 0.06 0.13 0.13 0.25 0.78 1.56 
S. sanguis 0.25 0.50 0.25 0.50 0.06 0.13 0.13 0.25 0.19 0.39 
P. aeruginosa 0.50 1.00 0.13 0.25 0.25 0.25 0.25 0.50 0.78 1.56 
E. faecalis 0.25 0.50 0.13 0.25 0.01 0.03 0.13 0.25 0.78 1.56 

However, this is the first report on comparative evaluation of four essential 
oils and an absolute against the most common bacteria isolated from the human 
oral cavities.  

The results of antifungal activity showed the strongest antifungal potential of C. 
martinii var. motia EO (MIC 0.003–0.007 mg mL–1, MFC 0.007–0.015 mg mL–1), 
while the lowest one was achieved with R. centifolia absolute (0.06–0.13 mg mL–1, 
MFC 0.12–0.25 mg mL–1). Commercial oral antiseptic, Hexoral, showed lower anti-
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fungal effect on tested Candida strains (MICs and MFCs in range 1–4 mg mL–1) 
(Table III). Tested Candida strains proved to be more sensitive compared to clin-
ical isolates of all bacteria, which could be principally addressed to the differen-
ces in their cell organizations.  

TABLE III. Anticandidal (C. albicans, C. krusei and C. glabrata) efficacy of tested aromatic 
samples and antibiotics (MICs and MFCs in mg mL-1) 

No. 
Essential oils Absolute Hexoral® 

C. martini var. motia P. graveolens L. petersonii R. centifolia
MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC 

1 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
2 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
3 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
4 0.003 0.007 0.03 0.06 0.06 0.13 0.13 0.25 1.00 2.00 
5 0.003 0.007 0.03 0.06 0.06 0.13 0.13 0.25 1.00 2.00 
6 0.003 0.007 0.03 0.06 0.06 0.13 0.13 0.25 1.00 2.00 
7 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 1.00 
8 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00 
9 0.003 0.007 0.03 0.06 0.03 0.06 0.13 0.25 1.00 2.00 
10 0.003 0.007 0.01 0.02 0.03 0.06 0.06 0.12 1.00 2.00 
11 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
12 0.007 0.015 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
13 0.007 0.015 0.03 0.06 0.06 0.13 0.06 0.12 2.00 4.00 
14 0.007 0.015 0.01 0.02 0.06 0.13 0.06 0.12 1.00 2.00 
15 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
16 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00 
17 0.003 0.007 0.06 0.12 0.03 0.06 0.13 0.20 1.00 2.00 
18 0.007 0.015 0.03 0.06 0.03 0.06 0.06 0.12 2.00 4.00 
19 0.007 0.015 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00 
20 0.007 0.015 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
21 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
22 0.003 0.007 0.01 0.02 0.06 0.13 0.13 0.25 1.00 2.00 
23 0.003 0.007 0.01 0.02 0.06 0.13 0.06 0.12 1.00 2.00 
24 0.003 0.007 0.03 0.06 0.06 0.13 0.13 0.25 1.00 2.00 
25 0.003 0.007 0.06 0.12 0.06 0.13 0.13 0.25 1.00 2.00 
26 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 2.00 4.00 
27 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
28 0.003 0.007 0.06 0.12 0.06 0.13 0.13 0.25 1.00 2.00 
29 0.003 0.007 0.03 0.06 0.06 0.13 0.13 0.25 1.00 2.00 
30 0.003 0.007 0.03 0.06 0.06 0.13 0.13 0.25 1.00 2.00 
31 0.003 0.007 0.03 0.06 0.06 0.13 0.13 0.25 1.00 2.00 
32 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00 
33 0.003 0.007 0.06 0.12 0.03 0.06 0.06 0.12 1.00 2.00 
34 0.003 0.007 0.06 0.12 0.03 0.06 0.06 0.12 1.00 2.00 
35 0.003 0.007 0.06 0.12 0.06 0.13 0.06 0.12 1.00 2.00 
36 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00 
37 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00 
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TABLE III. Continued 

No. 
Essential oils Absolute Hexoral® 

C. martini var. motia P. graveolens L. petersonii R. centifolia 
MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC 

38 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00 
39 0.007 0.015 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00 
40 0.007 0.015 0.01 0.02 0.06 0.13 0.06 0.12 1.00 2.00 
41 0.007 0.015 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
42 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00 
43 0.007 0.015 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
44 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
45 0.007 0.015 0.01 0.02 0.06 0.13 0.06 0.12 2.00 4.00 
46 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
47 0.007 0.015 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
48 0.003 0.007 0.06 0.12 0.06 0.13 0.06 0.12 1.00 2.00 
49 0.007 0.015 0.06 0.12 0.06 0.13 0.06 0.12 1.00 2.00 
50 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00 
51 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
52 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 2.00 4.00 
53 0.007 0.015 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 
54 0.003 0.007 0.03 0.06 0.06 0.13 0.13 0.25 1.00 2.00 
55 0.003 0.007 0.03 0.06 0.06 0.13 0.13 0.25 1.00 2.00 
56 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00 
57 0.003 0.007 0.03 0.06 0.03 0.06 0.13 0.25 1.00 2.00 
58 0.007 0.015 0.06 0.12 0.03 0.06 0.06 0.12 1.00 2.00 
59 0.007 0.015 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00 
60 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00 

Although there are recent findings30 on the anticandidal activity of natural 
products that were used in the current study, this study presents the first compre-
hensive investigation on various Candida strains, the referent ATCC strains and 
the clinically isolated ones from the human oral cavities. The obtained results 
indicated that natural, terpene-rich products, investigated herein, are good candi-
dates for further development of topical anticandidal preparations, which make 
them particularly interesting for application in the pharmaceutical industry. 

The results of antibiofilm activity of tested commercial aromatic samples are 
presented in Table IV. The process of biofilm formation was inhibited by 
samples in which S. mutans, P. aeruginosa and C. albicans were engaged. Tested 
subMIC (1/2MIC) concentrations of all aromatic samples inhibited biofilm form-
ation of S. mutans and P. aeruginosa to the extent ranging 81.22–86.07 and 
70.98–86.79 %, respectively. Lower inhibition values were achieved by antibio-
tic: streptomycin and ampicillin (49.40 and 69.16 %, respectively). 

The inhibition values for C. albicans biofilm range 81.22–86.07 %, while 
that of the standard antimycotic drug fluconazole was even lower 73.00 %. The 
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best inhibition capacity is observed with the use of R. centifolia absolute while 
the lowest with L. petersonii EO (Table IV).  

TABLE IV. Antibiofilm activity of tested aromatic samples (biofilm inhibition ± SD, %) 
applied in subMICs compared to standard antibiotics 

Antibiofilm agent Microorganism 
S. mutans P. aeruginosa C. albicans 

C. martini var. motia 84.56±1.80a 86.79±2.21a 84.56±2.30a 

P. graveolens 81.55±1.40a 87.50±3.25a 81.55±2.10a 

R. centifolia 81.22±2.10 a 70.98±2.58b 81.22±1.80a 

L. petersonii 86.07±2.30a 81.07±2.50a 86.07±2.00a 

Streptomycin 49.40±0.90c 49.40±1.80c – 
Ampicillin 69.16±1.10b 69.16±1.20b – 
Fluconazole – – 73.00±2.30b 

Nevertheless, it should be noted that antibiofilm investigations conducted in 
our study represents one of the first reports on antibiofilm activities of four 
different aromatic products against several oral pathogenic microbes. 

In order to observe inhibitory effect of L. petersonii and P. graveolens EOs, 
in particular the changes they cause to C. albicans cells, SEM micrographs were 
recorded. Applied at determined MIC value, both EOs achieved strong inhibition 
of C. albicans cells growth (Figs. 1 and 2), though the activity of L. petersonii 
was stronger.  

 
Fig. 1. SEM of C. albicans biofilm untreated control (K), treated with P. graveolens EO 

following 6 (A) and 24 h (B). 

 
Fig. 2. SEM of untreated control C. albicans biofilm (K), treated with L. petersonii EO 

following 6 (C) and 24 h (D). 
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Six hours following the incubation (Figure 1A and 2C), both EOs significantly 
reduced the initial phase of biofilm formation, while 24 h following the incubation, 
the reduction was much higher (Fig. 1B and D). Morphological changes were 
observed in the cells shape, as well in their size and number. The induced modi-
fications may be attributed to the interference of EOs constituents with enzymatic 
reactions of the cell wall synthesis which affects the fungal morphogenesis and 
growth. The results of this experiment indicate that EOs of L. petersonii and P. 
graveolens affect cells of C. albicans, thereby leading to clearly detectable number 
of cells and morphological changes. Although their mechanism of action is not 
fully explained yet, taking into account the obtained results, we assume that they 
have a great potential in eliminating C. albicans biofilm.  
Cytotoxic activity 

The cytotoxic effects of the commercial aromatic samples on several human 
tumour cells lines (NCI-H460, MCF-7, HCT-15, HeLa and HepG2) and on non- 
-tumour cells (PLP2), represented as the concentrations that inhibit 50 % of cell 
growth (GI50), are summarized in Table V. 

Table V. Cytotoxicity of tested aromatic samples (GI50 ± SD, µg mL-1) compared to standard 
cytotoxic drug  

Cell line Essential oils Absolute Ellipticine 
P. graveolens Rosa centifolia C. martini var. motia Rosa centifolia 

MCF7 116.66±9.62a 47.70±2.34c 54.51±4.47bc 80.80±1.28b 0.91±0.04 
NCI-H460 81.47±2.03b 24.38±0.01d 60.65±0.92c 92.45±0.95a 1.42±0.00 
HCT15 63.72±1.39a 5.60±0.37c 39.23±0.65b 65.48±2.20a 1.91±0.06 
HeLa 70.96±0.04a 9.01±2.21d 58.47±0.14b 49.55±1.29c 1.14±0.21 
HepG2 93.91±2.99a 29.58±2.59c 53.84±3.16b 90.94±1.26a 3.22±0.67 
PLP2 >400 316.83±2.63 358.67±3.49a >400 2.06±0.03 

This is the first comparative report summarizing cytotoxic potential of EOs 
of P. graveolens, L. petersonii, C. martinii and R. centifolia absolute. Our results 
indicated that essential oils and absolute should be safe for use since expressing 
low or no-cytotoxicity to primary liver cells. On the other side, further in vivo 
studies are needed to confirm our findings. 

CONCLUSION 

This work suggests that the studied essential oils and absolute are naturally 
occurring antimicrobials that could be assumed as promising agents in prevention 
and treatment of a range of bacteria and fungi related contaminations and infec-
tions. In addition, the samples showed cytotoxic effects in human tumour cell 
lines, while low or no toxicity to primary liver cells. The antimicrobial activity 
was confirmed against a range of Gram-positive and Gram-negative bacteria and 
Candida species. In particular, data from the present study illustrate the ways in 
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which P. graveolens and L. petersonii EOs inhibit and kill bacteria and fungi; 
possessing very good anti-tumour potentials at the same time, ultimately making 
them applicable in the development of new procedures for the treatment of vari-
ous oral conditions. However, this is the first comparative report summarizing 
antimicrobial activity against pathogenic microbes isolated from human oral 
cavity; providing an insight into the modes of antimicrobial action; and at the 
same time describing their cytotoxicity against tumour cell lines. Further in vivo 
studies are necessary to support our data. 

Acknowledgment. The authors are grateful to the Ministry of Education, Science and 
Technological Development of Serbia (Grants No. 451-03-9/2021-14/200007 and 451-03- 
-9/2021-14/200003). 

И З В О Д  

ХЕМИЈСКИ САСТАВ И БИОЛОШКЕ ОСОБИНЕ ЕТАРСКИХ УЉА Pelargonium graveolens, 
Leptospermum petersonii И Cymbopogon martinii VAR. motia И АРОМАТИЧНЕ ВОДЕ 

Rosa centifolia 

МИЛОШ НИКОЛИЋ1, ТАТЈАНА МАРКОВИЋ2, ДЕЈАН МАРКОВИЋ3, RICARDO C. CALHELHA4, ÂNGELA 
FERNANDES4, ISABEL C.F.R. FERREIRA4, ДЕЈАН СТОЈКОВИЋ1, АНА ЋИРИЋ1, ЈАСМИНА ГЛАМОЧЛИЈА1 

и МАРИНА СОКОВИЋ1 
1Институт за биолошка истраживања „Синиша Станковић“ – Институт од националног значаја за 

Републику Србију, Универзитет у Београду, Булевар деспота Стефана 142, 11000 Београд, 
2Институт за проучавање лековитог биља „Др. Јосиф Панчић“, Тадеуша Кошћушка 1, 11000 

Београд, 3Клиника за дечју и превентивну стоматологију, Стоматолошки факултет, 
Универзитет у Београду, Др. Суботића 8, 11000 Београд и 4Centro de Investigação de Montanha, 

Escola Superior Agrária, Campus de Santa Apolónia, 5300-253 Bragança, Portugal 

У овом раду испитиван је хемијски састав и биолошка активност етарских уља (ЕO) 
Pelargonium graveolens, Leptospermum petersonii, Cymbopogon martinii var. motia и арома-
тичне воде Rosa centifolia. Главна једињења у P. graveolens ЕO били су монотерпенски 
алкохоли цитронелол, гераниол и линалол; у L. petersonii ЕO монотерпенски алдехиди 
гераниал, нерал и цитронелал; у C. martinii var. motia ЕO монотерпенски алкохол 
гераниол и естар геранил-ацетат, док је у ароматичној води R. centifolia био доминантан 
алкохол 2-фенилетанол. ЕO L. petersonii показало је најснажније антибактеријско дејство 
док је ЕО C. martinii var. motia испољило најјачи антифунгални потенцијал. Најбољи 
инхибиторни капацитет биофилма забележен је за ароматичну воду R. centifolia. Резул-
тати анализе скенирајуће електронске микроскопије (SEM) указали су да ЕO L. petersonii 
и P. graveolens смањују број и мењају морфологију ћелија квасца Candida albicans. L. 
petersonii ЕO имало је највећи цитотоксични потенцијал према хуманим туморским 
ћелијским линијама. Ово је први упоредни извештај који сумира ефикасност проуча-
ваних ароматичних узорака против патогених микроба, пружајући дубљи увид у начине 
антимикробног деловања и истовремено описујући њихову цитотоксичност према ћелиј-
ским линијама. 

(Примљено 29. јула, ревидирано 10. септембра, прихваћено 15. новембра 2021) 

________________________________________________________________________________________________________________________

(CC) 2021 SCS.

Available on line at www.shd.org.rs/JSCS/



1302 NIKOLIĆ et al. 

REFERENCES 
1. F. Bakkali, S. Averbeck, D. Averbeck, M. Idaomar, Food Chem. Toxicol. 46 (2008) 446 

(https://doi.org/10.1016/j.fct.2007.09.106) 
2. T. Marković, Essential oils and their safe application, Institute for Medicinal Plants 

Research “Dr Josif Pančić“, Belgrade, 2011, p. 288 (ISBN 978-86-83141-14-2) 
3. J. Petrović, D. Stojković, M. Soković, in Advances in Food and Nutrition Research, I. C. 

F. R. Ferreira, L. Barros (Eds.), Academic Press, Cambridge, MA, 2019, p. 423 
(https://doi.org/10.1016/bs.afnr.2019.02.009) 

4. A. Jeevan Ram, L. M. Bhakshu, R. R. Venkata Raju, J. Ethnopharmacol. 90 (2004) 353 
(https://doi.org/10.1016/j.jep.2003.10.013) 

5. M. Soković, D. Stojković, J. Glamočlija, A. Ćirić, M. Ristić, D. Grubišić, Pharm. Biol. 47 
(2009) 38 (https://doi.org/10.1080/13880200802400535)  

6. M. Nikolić, D. Stojković, J. Glamočlija, A. Ćirić, T. Marković, M. Smiljković, M. Soko-
vić, J. Food Sci. Technol. 52 (2015) 6565 (https://doi.org/10.1007/s13197-015-1792-5) 

7. V. Zijnge, M. B. M. Van Leeuwen, J. E. Degener, F. Abbas, T. Thurnheer, R. Gmür, H. J. 
M. Harmsen, PLoS One 5 (2010) e9321 (https://doi.org/10.1371/journal.pone.0009321) 

8. E. B. Kerekes, É. Deák, M. Takó, R. Tserennadmid, T. Petkovits, C. Vágvölgyi, J. 
Krisch, J. Appl. Microbiol. 115 (2013) 933 (https://doi.org/10.1111/jam.12289) 

9. Y. Bhalla, V. K. Gupta, V. Jaitak, J. Sci. Food Agric. 93 (2013) 3643 
(https://doi.org/10.1002/jsfa.6267) 

10. C. L. Koh, C. K. Sam, W. F. Yin, L. Y. Tan, T. Krishnan, Y. M. Chong, K. G. Chan, 
Sensors (Switzerland) 13 (2013) 6217 (https://doi.org/10.3390/s130506217) 

11. H. S. Vasavi, A. B. Arun, P. D. Rekha, Asian Pac. J. Trop. Biomed. 3 (2013) 954 
(https://doi.org/10.1016/S2221-1691(13)60185-9) 

12. F. El Babili, J. Bouajila, J. P. Souchard, C. Bertrand, F. Bellvert, I. Fouraste, C. Moulis, 
A. Valentin, J. Food Sci. 76 (2011) C512 (https://doi.org/10.1111/j.1750-
3841.2011.02109.x) 

13. M. Ennajar, S. Afloulous, M. Romdhane, H. Ibrahim, S. Cazaux, M. Abderraba, A. Raies, 
J. Bouajila, J. Food Sci. 76 (2011) (https://doi.org/10.1111/j.1750-3841.2010.01995.x) 

14. A. Rašković, I. Milanović, N. Pavlović, T. Ćebović, S. Vukmirović, M. Mikov, BMC 
Complement. Altern. Med. 14 (2014) 225 (https://doi.org/10.1186/1472-6882-14-225) 

15. V. Lobo, A. Patil, A. Phatak, N. Chandra, Pharmacogn. Rev. 4 (2010) 118 
(https://doi.org/10.4103/0973-7847.70902) 

16. M. Nikolić, K. K. Jovanović, T. Marković, D. Marković, N. Gligorijević, S. Radulović, 
M. Soković, Ind. Crops Prod. 61 (2014) 225 
(https://doi.org/10.1016/j.indcrop.2014.07.011) 

17. C. Cecchini, S. Silvi, A. Cresci, A. Piciotti, G. Caprioli, F. Papa, G. Sagratini, S. Vittori, 
F. Maggi, Chem. Biodivers. 9 (2012) 12 (https://doi.org/10.1002/cbdv.201100249) 

18. M. Nikolić, J. Glamočlija, A. Ćirić, T. Perić, D. Marković, T. Stević, M. Soković, Dig. J. 
Nanomater. Biostructures 7 (2012) 1693 
(https://www.scopus.com/inward/record.uri?eid=2-s2.0-
84869007911&partnerID=40&md5=e5ac9aaeb003346d6a4f49790b66d89a) 

19. R. K. Daouk, S. M. Dagher, E. J. Sattout, J. Food Prot. 58 (1995) 1147 
(https://doi.org/10.4315/0362-028X-58.10.1147) 

20. T. Tsukatani, H. Suenaga, M. Shiga, K. Noguchi, M. Ishiyama, T. Ezoe, K. Matsumoto, 
J. Microbiol. Methods 90 (2012) 160 (https://doi.org/10.1016/j.mimet.2012.05.001) 

________________________________________________________________________________________________________________________

(CC) 2021 SCS.

Available on line at www.shd.org.rs/JSCS/



 ACTIVITY OF SELECTED VOLATILES 1303 

21. M. Nikolić, M. Smiljković, T. Marković, A. Ćirić, J. Glamočlija, D. Marković, M. 
Soković, EXCLI J. 15 (2016) 280 (https://doi.org/10.17179/excli2014-621) 

22. P. C. Braga, M. Culici, M. Alfieri, M. Dal Sasso, Int. J. Antimicrob. Agents 31 (2008) 472 
(https://doi.org/10.1016/j.ijantimicag.2007.12.013) 

23. V. Vieira, Â. Fernandes, L. Barros, J. Glamočlija, A. Ćirić, D. Stojković, A. Martins, M. 
Soković, I. C. F. R. Ferreira, J. Sci. Food Agric. 96 (2016) 90 
(https://doi.org/10.1002/jsfa.7063) 

24. R. Guimarães, L. Barros, M. Dueñas, R. C. Calhelha, A. M. Carvalho, C. Santos- 
-Buelga, M. J. R. P. Queiroz, I. C. F. R. Ferreira, Food Chem. 136 (2013) 718 
(https://doi.org/10.1016/j.foodchem.2012.08.025) 

25. I. Ben ElHadj Ali, F. Tajini, A. Boulila, M. A. Jebri, M. Boussaid, C. Messaoud, H. 
Sebaï, Ind. Crops Prod. 158 (2020) 112951 
(https://doi.org/10.1016/j.indcrop.2020.112951) 

26. L. Caputo, A. Smeriglio, D. Trombetta, L. Cornara, G. Trevena, M. Valussi, F. Fratianni, 
V. De Feo, F. Nazzaro, Front. Microbiol. 11 (2020) 
(https://doi.org/10.3389/fmicb.2020.00409) 

27. J. J. Brophy, R. J. Goldsack, A. Punruckvong, A. R. Bean, P. I. Forster, B. J. Lepschi, J. 
C. Doran, A. C. Rozefelds, Flavour Fragr. J. 15 (2000) 342 
(https://doi.org/10.1002/1099-1026(200009/10)15:5<342::AID-FFJ924>3.0.CO;2-V) 

28. P. S. Kakaraparthi, K. V. N. S. Srinivas, J. K. Kumar, A. N. Kumar, D. K. Rajput, S. 
Anubala, Ind. Crops Prod. 69 (2015) 348 (https://doi.org/10.1016/j.indcrop.2015.02.020) 

29. R. Tisserand, R. Young, Essential Oil Safety: A Guide for Health Care Professionals, 2nd 
ed., Elsevier Inc., Cambridge, MA, 2013, p. 780 (https://doi.org/10.1016/C2009-0-52351-3) 

30. L. Angiolella, Nat. Prod. Res. 25 (2020) 1 
(https://doi.org/10.1080/14786419.2020.1810037). 

________________________________________________________________________________________________________________________

(CC) 2021 SCS.

Available on line at www.shd.org.rs/JSCS/



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




