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Abstract. In this research, essential oils (EOs) were extracted through steaming from aerial parts of three
plants: basil (Ocinum basilicum L.), peppermint (Mentha piperita L.) and oregano (Origanum vulgare L.)
form Sibiu County, Romania. The GC-MS analysis indicated that eugenol and apiol were the major
compounds in the basil EO. Timol, ɣ-terpinene, and p-cymene were the major compounds in the volatile
oil extracted from oregano and menthol and methone the main components in the peppermint EO. In the
first 48 h of analysis, basil EO inhibition action was the highest against Salmonella anatum (48%),
followed by Aspergillus niger (26%), Bacillus cereus (21%) and Saccharomyces cerevisiae (15%); this
action was maintained for 120 h for all samples. In the first 48 h, the peppermint EO showed the highest
inhibition rate (50%) on B. cereus, followed by A. niger (45%), S. cerevisiae (20%) and no action against
Salmonella; this action varied after 72h and 120 h by slightly increasing in case of B. cereus, strongly
decreasing in case of A. niger and remaining constant in case of S. cerevisiae. Oregano EO showed a very
small antimicrobial action, only on S. anatum (12%) and this action was maintained for 120 h.

1 Introduction
Aromatic plants are rich sources of bioactive
compounds or bio nutrients [1]. Their essential oils (EOs)
are final products of plants metabolism, accumulated and
stored in various plant organs, in cells with intracellular
secretion or in secretory tissues. Essential oils are natural,
volatile complex compounds characterized by the odor of
their corresponding aromatic plants, which synthesize
them as secondary metabolites [2, 3]. They have a lot of
applications in food industry, cosmetics, perfumeries and
pharmacy industry, due to their powerful antimicrobial
and antioxidant activity [4]. The benefits resulting from
the use of natural products rich in bioactive substances
have promoted the growing interest of pharmaceutical,
food and cosmetic industries as well as of individual
consumers in the quality of herbal products [5, 6].
The EOs are complex mixtures that may contain over
300 different compounds [7]. Essential oils are natural
mixtures of hydrocarbons (terpenes), oxygen-(alcohols,
aldehydes, ketones, carboxylic acids, esthers, lactones)
and
sulphur-containing
(sulphides,
disulphides,
trisulphides) organic substances. They are obtained
mostly from plants by steam distillation or by extraction
with carbon dioxide [8, 9].
Many articles present studies on volatile oils extracted
from basil, peppermint or oregano [10, 11, 12].
Peppermint EO is one of the most usually used volatile
oil in food and beverages, whereas basil and oregano oil
are used in Mediterranean-origin food and in
pharmaceutical and cosmetic market segments.
Peppermint (Mentha piperita L.) essential oil is
usually used topically as antimicrobial, antipruritic,
antiseptic, rubefacient and astringent as well as for

healing headaches, neuralgia, migraines and myalgia
[13]. Basil (Ocimum basilicum L.) is an annual plant
found in the wild tropical, subtropical and temperate
regions of the world. It takes part from Labiatae
(Lamiaceae) family. Basil is a common herb, grown
also in many households with a broad range of
therapeutic properties; it has reputed medicinal uses as
antioxidant, antibacterial, antimicrobial, antifungal,
antiviral,
cytoprotective,
anticonvulsant,
hypoglycaemic,
hypolipidemic,
hepatoprotective,
renoprotective,
neuroprotective,
spermicidal,
dermatologic and insecticidal [14]. Oregano
(Origanum vulgare L.) EO have been shown to possess
antioxidant, antibacterial, antifungal, diaphoretic,
carminative, antispasmodic and analgesic activities
and, among these, the antimicrobial potential is of
special interest [15, 16].
The aim of this study is to compare the composition
and the antimicrobial activity of EOs extracted from
aerial parts of the three plants considered (basil,
peppermint and oregano) against microorganisms
possible to poison food (pathogenic bacteria and molds)
and microorganisms with positive role in food
production (as the model yeast Saccharomyces
cerevisiae). The antimicrobial activity is surveyed for a
period of 4 days, in order to analyze the remanence of
the antimicrobial action of the EOs..

2 Experimental
Plant materials
Dried aerial parts of Ocimum basilicum L. (basil),
Mentha piperita L. (peppermint), Origanum vulgare L.
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(oregano), were used for extraction the volatile oils. Arial
parts from all this herbs were collected from Sibiu
County, Romania in 2018 and they were dried in the
shade.
Essential oils extraction and characterization
For obtaining and dosing the EOs, aerial parts were
used. Extraction was realized through steaming for 5 h
by using a neo-Clevenger equipment modified as by
Moritz. The content was compared to the moisture less
vegetal material [17].
The volatile oils were analyzed through by GC-MS.
The analysis was performed with a Hewlett Packard 5890
III gas chromatograph equipped with a mass detector MS
5972. The chromatographic column used was a HP5-MS
capillary column made of quartz, with a non-polar
stationary phase consisting of 95 % methyl and 5 %
phenyl polysillox. The constructive characteristics of the
column are: length, 30 m, interior diameter, 0.25 mm and
thickness of the stationary phase, 0.25 m. Helium was
used as carrier gas (1:1 ml/min). The injection
temperature was 60 C, incrementing with 3 C/min to 240
C. To identify the separated components, an integrated
GC-MS software was used. Library Wiley 275, used to
recognition of chemical compounds was carried out by
comparing the acquired mass spectra with mass spectra of
standards program [17].
Determination of the antimicrobial activity
Antimicrobial action of the EOs was investigated on
three types of microorganisms: pathogenic bacteria
(Salmonella anatum ATCC 9270 and Bacillus cereus
ATCC 10876), a mould contaminating food (Aspergillus
niger ATCC 16404) and Saccharomyces cerevisiae
ATCC 32701, a model non-pathogenic yeast. Before the
analysis, the pure cultures of bacteria were maintained in
Mueller-Hinton broth (MHB, Difco) for 48h at 45 C, the
pure culture of yeast were maintained in nutrient broth
(BD Difco Nutrient broth) for 120 h at 20 C (yeast); the
liquid broth was used. The mould was cultivated first on
malt agar (Difco) for 5 days at 20 C, then the spores
were harvested in nutrient broth and the liquid was used
for the analysis.
Agar diffusion method was used to investigate the
antimicrobial action of a quantity of 0.5 l of essential oil
against microorganisms cultivated on nutrient agar (Difco
Nntrient Agar); the inhibition percentage on the
continuous film formed by the microorganism was
determined by reporting the inhibition zone to the Petri
dish area [18]. Five trials in parallel for each
microorganism were made; the results were expressed as
median value of all measurements.
Because the EOs are volatile, the antimicrobial
activity was analyzed after 48 h, 72 h and 120 h in order
to investigate the remanence of the antimicrobial action
in time.

basilicum L. volatile oil, 0.72 % for Mentha piperita L.
volatile oil, 0.16 % for Origanum vulgare volatile oil.
The GC-MS analysis shows that all volatile oils
analysed have a high number of components. The major
compounds of the volatile oils are presented in Table 1.
Twenty five components in the volatile oil extracted
from Ocimum basilicum L. were separated and identified
through GC-MS. Eugenol and apiol are the major
compounds and mean components are alcohols. 19
components in the volatile oil extracted from Origanum
vulgare L. were separated and identified through GCMS; timol, ɣ-terpinene, and p-cymene are the major
compounds. 26 components in the volatile oil extract
from Mentha piperita L were separated and identified
through GC-MS; the main components of EO from
peppermint are menthol and menthone.
Table 1 presents the results obtained at the analysis
of the antimicrobial activity of all three EOs on the
chosen microorganisms. Basil essential oil is having
antimicrobial action on all microorganisms. In the first
48 h of analysis, the action decreased in the order: S.
anatum (48 %), A. niger (26), B. cereus (21 %) and S.
cerevisiae (15 %); this action is maintained after 72 h or
120 h for all samples. In the first 48 h, the peppermint oil
shows the highest inhibition (50 %) on B. cereus,
followed by A. niger (45 %) and S. cerevisiae (20 %)
and no inhibition on Salmonella; this action varies after
72h and 120 h by slightly increasing in case of B. cereus,
strongly decreasing (to 20 %) in case of A. niger and
remaining constant in case of S. cerevisiae. Oregano oil
has the smallest antimicrobial action, only on S. anatum
(12 %) and this action is maintained for 120 h.
Scientific literature the differences in the extraction
quantities and yields, due to variation in quantity, but
also growing conditions (climate, soil constituents), part
of the plant used for extraction, stage of ripening
process. Also, the scientific information about EOs
obtained from these plants are very different. For
example, in case of EO extracted from American basil,
the extraction yield varied between 0.07 % and 1.92 %
and eugenol content was much smaller (5-29 %) [19],
compared with our results.
Regarding the peppermint EO, menthol and
menthone were found by other authors, too, as the major
components of the peppermint EO [20], whereas other
researchers identified menthol, menthyl acetate and
menthofurane as major compounds [11]. The extraction
yield was found to be around 1 % by other authors [21],
higher as the content obtained by us, but a real
comparison is difficult to be made because of the high
number of variables influencing the yield.
Oregano essential oil yield (ranged from 0.114 % to
2.3 %, depending on the distillation time and carvacrol
was the main component in other researches, too [22].
The highest action against S. anatum showed by the
basil essential oil (Fig. 1a), combined with the very low
inhibition action of the oregano EO is in agreement with
other researches [23]. The EOs chemical component in
basil with the inhibitory action is eugenol causing the
increasing of permeability by decreasing the membrane
integrity, with the Minimal Inhibitory Concentration
MIC of 0.025 % against S. typhimurium [24].

3 Results and discussion
EOs extracts from basil and peppermint have a
white-yellowish color and the oregano oil has a yellow
dark color. All EOs have characteristic flavors, slightly
aromatic. The extraction yields are 0.66 % for Ocimum
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Table 1. Major components of the volatile oils analysed
Common name

Latin name

Basil

Ocimum basilicum L.

Peppermint

Mentha piperita L.

Oregano

Origanum vulgare L.

As [25, 26] indicated, peppermint EO has a weak
antibacterial activity. The result obtained at the analysis
of the inhibitory analysis of peppermint oil on S. anatum
is in accordance with [25], whereas [16] indicated a
weak inhibitory action of peppermint oil against S.
typhimurium, with menthol as the main component with
inhibitory activity.
Peppermint EO affects mostly the other three
microorganisms investigated, as figures 1b, 1c and 1d
show. Bacillus cereus is the most affected by peppermint
essential oil; this result is in accordance with literature
[27]. The antifungal action of peppermint oil against A.
niger is correlated with the main component menthol, as
[30] indicated. Other research reported the strong
inhibitory action of the peppermint oil against S.
cerevisiae [28], but in our case this action was moderate;
anyway, the EO seems to affect the cell membrane, as in
the case of basil essential oil.
In [28] indicates that the growth of the yeast S.
cerevisiae seems to affected by oregano oil (even in
much smaller percentage as by the peppermint oil.
In [29] shows the strong influence of the oregano oil
on A. niger. Despite its content in carvacrol, a very
efficient antimicrobial compound [30], oregano essential
oil extracted by us has a slightly action against S. anatum
and no action against the other microorganisms studied
here. Probably the concentration tested here is too small
for inhibiting the microbial growth.

Major components

Composition %

Eugenol metyl eter

41.55

Apiol

14.23

Caryophyllene oxide

7.83

Tau Cadinol
Estragole
Methyl cinnamate
Linalool
Menthol
Menthone
Limonene
Tymol
ɣ-terpinene
p-Cimen
Carvacrol

7.47
6.62
6.12
1.74
49.5
21.9
5.80
55.25
15.22
6.28
3.31

b) Bacillus cereus

c) Aspergillus niger

d) Saccharomyces cerevisiae
Fig. 1. Inhibition action of basil, peppermint and oregano
essential oils against Salmonella anatum, Bacillus cereus,
Aspergillus niger and Saccharomyces cerevisiae

a) Salmonella anatum
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4 Conclusion
EOs were extracted from basil, peppermint and
oregano leafs in the Sibiu County, Romania with good
yields, comparable with other similar plants from other
regions of the world. Essential oils have a valuable
composition in eugenol, menthol and carvacrol, three
very efficient antimicrobials; they were found in high
amounts in plants.
EOs showed different antimicrobial action on the
four microorganisms tested at the concentration tested
(0.5 l), in the general order: peppermint oil > basil oil
>> oregano oil; this action remained quite constant for
120 h. The most sensitive to basil oil was S. anatum.
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