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Abstract: As part of our ongoing research on phytoconstituents that can act as promising antimi-
crobial agents, the essential oils of nine selected Apiaceae plants, cultivated in Poland, were stud-
ied. The volatiles of the aerial parts with fruits (herba cum fructi) of Silaum silaus, Seseli devenyense,
Seseli libanotis, Ferula assa-foetida, Glehnia littoralis and Heracleum dulce, in addition to the fruits (fructi)
of Torilis japonica and Orlaya grandiflora as well as of the aerial parts (herba) of Peucedanum luxurians
were investigated through Gas Chromatography–Mass Spectrometry to identify more than 60 differ-
ent metabolites. The essential oils from S. devenyense, H. dulce, T. japonica and P. luxurians are reported
for the first time. All examined species were also assayed for their antimicrobial activities against
several human pathogenic Gram-positive and -negative bacteria and fungi. The species H. dulce,
S. devenyense and S. libanotis exerted the strongest antimicrobial activity, mostly against Gram-positive
bacteria strains (MIC values 0.90–1.20 mg/mL). To the best of our knowledge, this is the first attempt
to determine the antimicrobial activity of the above Apiaceae species.

Keywords: Apiaceae; gas chromatography-mass spectrometry; volatiles; antimicrobial activity;
coumarins

1. Introduction

Aromatic plants and their essential oils have been used therapeutically for centuries,
while many scientific studies are conducted, describing their remarkable healing properties.
Essential oils are complex mixtures of natural volatiles, characterized by a strong odor
and formed by aromatic plants as secondary metabolites. They are also proven to exert
antimicrobial activity against a large number of bacteria and fungi [1].

Apiaceae is considered as one of the most important plant family, including 3780 species
and 434 genera [2]. They are mainly distributed in the Mediterranean basin with high
economic importance for the food and cosmetic industry [3]. Plant secondary products
typically found in Apiaceae are essential oils, including terpenoids and phenylpropanoids,
coumarins and furanocoumarins, sesquiterpenelactones, polyacetylenes (polyines), and fur-
ther compounds derived from acetate units, such as alkylphthalides and the toxic piperi-
dine alkaloids [4]. Plants of the Apiaceae family are used widely in folk medicine for the
treatment of several human ailments [5]. In several scientific studies, they have shown
antimicrobial and antioxidant activity, and they are considered as promising sources of
bioactive agents [5–8].

In the framework of our ongoing research on umbelliferous plants [1,9–16], we re-
port in this study the chemical analyses of volatiles from nine plants of Apiaceae family,
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which are cultivated in Poland, which to our knowledge have scarcely been studied phyto-
chemically before.

The incidence of microbial infections has increased dramatically together with emer-
gence of antimicrobial resistant strains [15], thus discovering alternative potentially effec-
tive treatments for such infectious diseases is a challenge. Furthermore, phytoconstituents
are widely considered as promising agents for antimicrobial therapy [15].

The aim of our study is to evaluate the chemical profile and the antimicrobial activity
of nine selected Apiaceae species (Table 1).

Table 1. Apiaceae species analyzed in this study.

Plant Species Studied Plants Parts Studied Yield %

Silaum silaus (L.) Schinz & Thell.

aerial parts with fruits
(herba cum fructi)

0.10

Seseli devenyense Simonkai 0.18

Seseli libanotis (L.) W.D.J.Koch 0.20

Glehnia littoralis F. Schmidt ex Miq. 0.15

Ferula assa-foetida L. 0.32

Heracleum dulce Fisch., C.A.Mey. & Avé-Lall., 0.18

Torillis japonica (Houtt.) DC.
fruits (fructi)

0.25

Orlaya grandiflora (L.) Hoffm 0.22

Peucedanum luxurians Tamamsch. aerial parts (herba) 0.14

The obtained essential oils have been chemically analyzed through GC and GC/MS.
Moreover, they have been investigated for their potential antimicrobial activity against
Gram-positive and negative bacteria as well as against human pathogenic fungi, as essential
oils are known as potential sources of novel compounds with antibacterial properties.

2. Materials and Methods
2.1. Plant Material

The aerial parts and fruits of all studied plant material were collected from three botan-
ical gardens: Botanical Garden of University of Marie Curie-Skłodowska (UMCS), Lublin,
Poland; Botanical Garden Adam Mickiewicz University, Poznan, Poland; Pharmacognostic
Garden, Dept. of Pharmacognosy, Medical University of Lublin as well as from wild (Lublin
region). Species cultivated in Botanical Garden of UMCS were Seseli libanotis (voucher
specimen: 56_2018) and Orlaya grandiflora (voucher specimen: 49_2018). Peucedanum luxuri-
ansn was collected in Botanical Garden of Poznań (voucher specimen: 7973_S003). Torilis
japonica was collected in natural state (190_2019). The rest studied species were cultivated
in Pharmacognostic Garden of Lublin: Silaum silaus (voucher specimen: 52_2019), Seseli
devenyense (voucher specimen: 44_2019), Glehnia littoralis (voucher specimen: 180_2019),
Ferula asa-foetida (voucher specimen: 22_2019). Plant material from the Botanical Garden
of Poznan was identified by Grażyna Naser while all the rest species (from Lublin) was
confirmed by dr Agnieszka Dąbrowska from Botanical Garden of UMCS.

2.2. Experimental

The air dried and powdered plants were submitted to hydrodistillation. About 10 g of
the dried whole fruits, crushed leaves and finely chopped stems were subjected to hydro
distillation for 2 h in a Clevenger type apparatus containing 200 mL of distilled water.
After recording the yield of oil, n-pentane was added to collect the oil, which was stored
at −20 ◦C until GC/MS and GC analyses. The collected essential oils were dried over
anhydrous sodium sulphate.
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2.3. GC Analysis

The GC analyses were carried out on a Perkin-Elmer 8500 gas chromatograph with
FID, fitted with a Supelcowax-10 fused silica capillary column (30 m × 0.32 mm i.d.,
0.25 µm film thickness). The column temperature was programmed from 60 to 280 ◦C at a
rate of 2.5 ◦C/min. The injector and detector temperatures were programmed at 230 and
300 ◦C, respectively. Helium was used as carrier gas, flow rate 1 mL/min.

The GC-MS analyses were performed with an Agilent 7820A Gas Chromatograph
System (Shanghai, China) linked to Agilent5977B mass spectrometer system (Santa Clara,
CA, USA) equipped with a 30 m length, 0.25 mm id and 0.5 µm film thickness HP5-MS
capillary column. The initial column temperature is 60 ◦C and then increases at a rate of
3 ◦C/min to a maximum temperature of 280 ◦C, where it remains for 15 min. Total analysis
time was 93 min. Helium was used as a carrier gas at a flow rate of 2.2 mL/min, split ratio
1:10, injector temperature 220 ◦C, and ionization voltage 70 eV. The compound identification
was conducted using the NIST14 library and bibliographic data [17].

2.4. Antimicrobial Activity

In vitro antibacterial study of the studied volatiles was carried out via the agar dilution
method in 96-well plates, by measuring the MIC values against two Gram-positive bacteria:
Staphylococcus aureus (ATCC 25923), Staphylococcus epidermidis (ATCC 12228), four Gram-
negative bacteria: Escherichia coli (ATCC 25922), Enterobacter cloacae (ATCC 13047), Klebsiella
pneumoniae (ATCC 13883) and Pseudomonas aeruginosa (ATCC 227853), as well as against
three human pathogen fungi: Candida albicans (ATCC 10231), C. tropicalis (ATCC 13801)
and C. glabrata (ATCC 28838). Stock solutions of the samples were prepared at 10 and
1 mg/mL, respectively. Serial dilutions of the stock solutions in broth medium (100 µL of
Müller–Hinton broth or on Sabouraud broth) were prepared in a microtiter plate (96 wells).
All tested organisms have a final cell concentration of 107 cell/mL. Then 1 µL of the
microbial suspension (the inoculum, in sterile distilled water) was added to each well.
For each strain, the growth conditions and the sterility of the medium were checked,
and the plates were incubated as referred above. MICs were determined as the lowest
concentrations preventing visible growth. Standard antibiotic netilmicin and amoxicillin
(at concentrations 4–88 µg/mL) were used in order to control the sensitivity of the tested
bacteria, while 5-fluocytosine and amphotericin B (at concentrations 0.5–25 µg/mL) were
used as controls against the tested fungi. The experiments were repeated three times,
and the results were expressed as average values [18].

3. Results and Discussion
3.1. Chemical Analysis

Silaum silaus (L.) Schinz & Thell., or pepper saxifrage, occurs from Europe to West
Siberia and North Caucasus. Plants flowers in summer and fruits are developed by autumn.
Whole plant has been used to treat bladder diseases, and leaves are edible as potherbs [19].
The analysis of the essential oil from the aerial parts of S. silaus (Table 2) showed the
presence of 14 metabolites (87.18% of the total) among which α-pinene (22.48%), myristicin
(20.01%), methyl eugenol (9.80%), methyl isoeugenol (7.60%), o-cymene (6.47%), E-β-
ocimene (5.97%) and γ-terpinene (4.41%) were the most abundant ones. These results are
in agreement with previous bibliographic data for S. silaus samples from different areas
in Austria. In that study, myristicin was the main compound of the essential oil from
the fruits (approx. 60%), followed by E-β-ocimene and α-pinene, while of the leaves and
stems, α-pinene (30%) predominated, with E-β-ocimene and myristicin as further major
compounds [19]. The abundant chemical category of the compounds in this oil is the
monoterpene hydrocarbons followed by phenylpropene and alcohols (Table 3).
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Table 2. The composition of Apiaceae essential oils.

Compounds
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α-pinene 22.48 0.84 1.90 0.50 5.24 - - -

camphene - 0.2 0.20 - - - - -

sabinene 0.65 - 18.37 - 1.28 - - -

myrcene 3.02 1.25 - 18.74 - - 1.33

β-pinene - 0.48 0.57 2.30 - - - -

propyl octanoate - - - 18.80 - - - -

β-elemene - 1.97 - - 18.12 - -

γ-elemene - - 2.20 5.94 - - - -

δ-elemene - - - - - - - 5.10

β-caryophyllene - 3.30 28.70 - - 11.02 18.83 8.84

limonene - 0.48 - - 4.01 - - -

β-phellandrene - - 13.16 16.26 0.18 - - -

δ-3-carene 2.49 0.05 - 1.21 1.45 - - -

p-cymene - 0.17 1.66 0.55 - - - -

o-cymene 6.47 - - - - - -

tricyclene - - 0.41 - - - - -

geranyl acetate - 5.31 - - - - - -

Z-β-ocimene - 0.38 - - 0.16 - - -

E-β-ocimene 5.97 0.08 - - 0.38 - - -

α-amorphene - 7.97 0.60 - - - 8.56 -

eugenol 0.10 - - - 8.05 - - -

methyl eugenol 9.80 - - - 20.75 - - -

Z-methyl isoeugenol 0.95 - - - - - - -

γ-terpinene 4.41 0.11 0.36 - 2.83 - - -

meta-tolualdeyde - 0.35 - - 0.21 - -

terpinolene 0.34 0.06 - - 1.93 - - -

anethole - - 1.81 0.11 - -

β-cubebene - - - - 0.35 - - -

α-humulene - - - - - 0.97 -

trans-β-farnesene - - 1.36 1.73 - - - 16.35

germacrene D 2.80 4.70 1.96 0.65 5.75 9.33 7.27 13.76

bicyclo-germacrene - - 1.67 - - - -

α-germacrene - - - - - 8.29 - -

α-muurolene - 3.57 - - - - -
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Table 2. Cont.

Compounds
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γ-muurolene - 3.67 - - - - - -

E-methyl isoeugenol 7.60 - - - 25.46 - - -

α-zingiberene - - - - - - - 10.58

β-sesquiphellandrene - 17.79 - - - - - 3.72

δ-cadinene - - - 0.79 0.70 1.12 10.83 -

α-cadinene - - - - - - 2.48 -

myristicin 20.01 - - - - - - -

palmitic acid - - - 16.45 - - - -

spathulenol 0.09 5.70 12.80 0.59 0.31 – -

germacrene B - - - 4.06 - - 0.33 -

calamenene - - - 0.42 - - - -

t-cadinol - - - - 0.71 - 5.33 -

1,6 -germacradien-5-ol - - - - - 38.46 -

4,5-dehydro-
isolongifolene - - - 2.48 - - - -

linoleic acid - - - 9.70 - - - -

oleic acid - - - 3.17 - - - -

unknown compounds - 29.09 - - - - 28.64 26.50

Total (%) 87.18 84.30 89.14 87.41 98.6 87.31 82.27 86.18

-: not detected.

Table 3. Chemical categories (% area) in the studied Apiaceae essential oils.

Chemical Categories
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Monoterpene
hydrocarbons 45.83 2.85 37.88 20.82 36.2 - - - 1.33

Sesquiterpene
hydrocarbons 2.80 41.0 38.46 16.07 6.8 2.01 48.85 48.3 58.35

Phenylpropene 20.01 - - 1.81 0.11 - - - -

Aldehydes - 0.35 - - 0.21 - - - -

Alcohols 18.54 5.70 12.80 0.59 55.28 - 38.46 5.33 -

Esters - 5.31 - 18.80 - - - - -

Fatty acids - - - 29.32 - 27.84 - - -

Coumarins - - - - - 58.38 - - -

Unknown - 29.09 - - - - - 28.64 26.50
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Seseli devenyense Simonkai (Seseli elatum subsp. osseum (Crantz) P.W.Ball.) was studied
exhaustively previously, by our scientific team [12,13] as a source of several coumarins,
which have been isolated and structurally determined, while its essential oil has never
been studied before. In the present work, S devenyense yielded 0.18% of essential oil,
consisting of 19 components (Table 2) with β-sesquiphellandrene (17.8%), amorphene (8%),
spathulenol (5.7%) and geranyl acetate (5.30%) as main ones. Sesquiterpene hydrocarbons
is the abundant chemical category with percentage 41% of the total (Table 3).

Seseli libanotis (L.) W.D.J. Koch is an aromatic plant widely distributed from Central Eu-
rope to West Siberia. In Turkish folk medicine, the aerial parts of the plant were popularly
used against inflammations as well as antinociceptive agent probably due to its coumarins’
content. The leaves of S. libanotis are consumed as a vegetable in Turkey [1]. The essential
oil composition from different geographic areas in Austria has been studied, and monoter-
penes such as α-pinene, sabinene and β-myrcene and the sesquiterpene germacrene D were
present in all essential oils from its aerial parts [20]. Root’s volatiles have been also studied
and were dominated by α-pinene [20], while in a study on the fruits of the plant [1] sabinene
and β-phellandrene appeared as the most abundant metabolites. Volatiles obtained from
the aerial parts of the plant from Iran has shown trans-caryophyllene (20%) as the main
constituent, followed by limonene, α-pinene and caryophyllene oxide [21]. The essential
oil from S. libanotis, in the present study (yield 0.20%), appeared a rich chemical profile
(Table 2) with 17 identified metabolites (89.14%), dominated by β-carryophyllene (28.70%),
sabinene (18.37%), together with β-phellandrene (13.16%) and spathulenol (12.80%) as
major ones. In this oil the percentage of monoterpene and sesquiterpene hydrocarbons is
equally high (~38%).

Glehnia littoralis F. Schmidt ex Miq. essential oils from aerial and root parts have been
investigated previously only in Japan, and the main constituents of the essential oils were
found to be α-pinene, limonene, β-phellandrene, germacrene B, spathulenol, β-oplopenone,
panaxynol, propyl octanoate, hexadecanoic acid and linoleic acid [22]. Moreover, oral ad-
ministration of certain extracts of Glehnia root prolonged pentobarbital-induced sleeping
time due to inhibition of liver metabolizing enzymes and have caused analgesic effects
in vivo in mice [23]. In this study, the composition of the essential oil (yield 0.15%) of the
aerial parts together with fruits (Table 2) is comparable to previously investigated essential
oil from aerial and root parts [22] as propyl octanoate (18.80%), palmitic acid (16.45%),
β-phellandrene (16.26%), γ-elemene (5.94%) and germacrene B (4.06%) were the most abun-
dant compounds. It is noteworthy that this is the only essential oil with high percentage of
fatty acids (29.32%), followed by monoterpene and sesquiterpene hydrocarbons as well as
by esters.

Ferula assa-foetida L. is a perennial herb distributed throughout the Mediterranean
area and central Asia. It is reputed in Iranian and Indian traditional medicine for its
therapeutic applications against a number of different disorders [24,25] and in food industry,
due to the occurrence of essential oils and/or mainly oleoresin possessing strong aromatic
scent [26]. It contains mainly sesquiterpene coumarins, phenolics and volatile compounds
(especially sulfur compounds) [26,27]. The most frequent compounds that occurred among
the main constituents of Ferula oils were α-pinene, β-pinene, myrcene and limonene (among
monoterpene hydrocarbons); linalool, α-terpineol and neryl acetate (among oxygenated
monoterpenes); β-caryophyllene, germacrene B, germacrene D and δ-cadinene (among
sesquiterpene hydrocarbons); caryophyllene oxide, α-cadinol, guaiol and spathulenol
(among oxygenated sesquiterpenes) and sec-butyl-(Z)-propenyl disulfide and sec-butyl-(E)-
propenyl disulfide (among sulfur-containing compounds) [24]. In our study, the essential
oil (yield 0.32%) exerted a rich chemical profile of 20 constituents (Table 2) belonging
to monoterpene and sesquiterpene hydrocarbons. Methyl isoeugenol (25.46%), methyl
eugenol (20.75%), myrcene (18.74%), germacrene D (5.75%), α-pinene (5.24%), and limonene
(4.01%) have been detected in F. assa-foetida, while it is characteristic the absence of sulfur-
containing compounds (butyl-propenyl disulfides) which have been referred in other
chemical studies and the fact that alcohols is the abundant category (more than 50%).
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Furthermore, the aerial parts of Heracleum dulce Fisch., C.A.Mey. & Avé-Lall., not hav-
ing been previously studied phytochemically, showed a unique chemical profile (Table 4)
as it contained mainly coumarins (58.38%), several of which have been identified and a
high percentage of fatty acids.

Table 4. The composition of the essential oil from Heracleum dulce.

Compounds H. dulce

Psoralene 0.73

palmitic acid 0.77

psoralene-8-hydroxy (xanthotoxol) 4.87

xanthotoxin 2.88

bergapten 1.04

germacrene D 2.01

linoleic acid 7.10

oleic acid 19.46

8-heptadecenoic acid 0.51

coumarin 0.84

coumarin 18.04

coumarin 5.58

coumarin 5.39

coumarin 13.33

coumarin 0.61

coumarin 0.47

allo-imperatorin 0.75

coumarin 3.85

Hexadecyl oleate 0.67

Total (%) 88.90

Torilis japonica D.C. (Japanese name “Jabujirami”) is widespread in East Asia (China,
Korea, Mongolia and Russia), also naturalized in the warmer areas of Europe. Its fruits were
used as a substitute medicament of the She-Chuang-Zi (Cnidium monnieri fructi, snowpars-
ley), known for promoting healthy libido and fertility levels. They have been studied phyto-
chemically twice before and had afforded to new hemiterpenoid pentol and monoterpenoid
glycosides [28] as well as guaiane-type sesquiterpenoid glycosides [29]. The essential oil of
the plant, to the best of our knowledge, has never been investigated before. In the present
study, through the chemical investigation of its volatiles (yield 0.25%), the metabolites
1,6-germacradien-5-ol (38.46%), β-elemene (18.12%), β-caryophyllene (11.02%), germacrene
D (9.33%) and α-germacrene (8.29%) appeared as the main compounds (Table 2). In this
essential oil, only sesquiterpenes and alcohols are present.

The essential oil of the aerial parts of Orlaya grandiflora (L.) Hoffm., the white laceflower,
growing wild in Central Balkan area, has been reported once before [30], where sabinene,
a-pinene followed by γ-terpinene, β-caryophyllene and germacrene D have been iden-
tified as abundant compounds. The volatiles from the fruits essential oil of O. grandi-
flora (yield 0.22%) have been examined in this study, where β-caryophyllene (18.83%),
δ-cadinene (10.83%), α-amorhene (8.56%) and germacrene D (7.27%) appeared as the major
constituents and all of them belong to sesqiterpenes (Table 2). It is obvious that out of
the identification of germacrene D in both oils, their chemical profiles did not show any
other similarities.
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Finally, herba of Peucedanum luxurians was studied phytochemically before, as a source
of rare bioactive furanocourmarins with unique structures by our scientific team [3,6–8],
while its volatiles have never been studied until now. P luxurians is an endemic plant
from Armenia, growing in the area around Mount Ararat [31]. In the present study,
the analysis revealed the presence of trans-β-farnesene (16.35%), germacrene D (13.76%)
α-zingiberene (10.58%) and β-caryophyllene (8.84%), as the most abundant constituents
(Table 2). Among its constituents, one (26.50%) remained unidentified, which unfortunately
due to the low yield of the oil (0.14%) was not possible to be further isolated and structurally
determined, while the majority of the identified compounds belong to the sesquiterpenes
(Table 3).

3.2. Antimicrobial Activity Evaluation

All essential oils assayed against a panel of nine human pathogenic microbia, two Gram-
positive (Staphylococcus aureus, S. epidermidis), four Gram-negative (Escherichia coli, Pseu-
domonas aeruginosa, Klebsiella pneumoniae and Enterobacte cloacae) as well as against three
fungi strains (Candida albicans, C. tropicalis and C. glabrata). According to the results pre-
sented in Table 5, the essential oils of G. littoralis and T. japonica appeared completely inac-
tive against all assayed microbial strains. S. silaus showed a moderate activity against Gram-
positive bacteria S. aureus and S. epidermidis (MIC values 1.25, 1.48 mg/mL, respectively)
and a very weak activity against Gram-negative bacteria (MIC values 7.38–13.45 mg/mL),
while being inactive against all Candidas’ strains. O. grandiflora compared to S. silaus exerted
a stronger activity specifically against both Gram-positive strains (1.52 and 1.60 mg/mL).
S. libanotis aerial parts’ volatiles exerted moderate activity against Gram-positive bacteria
(MIC 1.35, 1.47 mg/mL, respectively) and weak activities against all the Gram-negative
bacteria and the fungi. Corresponding results to that of S. libanotis were revealed from S. de-
venyense (MIC 1.35, 1.20 mg/mL). These results are in agreement with previously published
data, where Gram-negative bacteria are less sensitive to essential oils obtained from plants
belonging to the Apiaceae family [1]. The essential oil from F. assa-foetida showed a weak
activity against all tested microorganisms, while P. luxurians appeared together with H.
dulce as the most active among all assayed essential oils exerting activity against all assayed
microorganisms. More specifically H. dulce showed strong activity against Gram-positive
bacteria (MIC values 0.90 and 0.87 mg/mL) and a moderate one against the rest Gram-
negative ones (MIC values 3.30–4.05 mg/mL), while it was the only one, which exhibited
activity (weak) against the three assayed fungi (MIC values 4.0–4.9 mg/mL). P. luxurians
expressed also strong activity against Gram-positive bacteria (MIC values 1.0–1.20 mg/mL)
and weaker against Gram-negative one (MIC values 2.80–5.76 mg/mL) and the tested
fungi (MIC values 4.87–6.89 mg/mL).
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Table 5. Antimicrobial activity of the tested essential oils compared to common antimicrobial agents (mg/mL).
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S. silaus 1.80 1.25 8.70 13.45 10.27 7.38 >20 >20 >20

S. devenyense 1.35 1.20 12.80 12.00 11.62 13.41 10.70 9.65 9.00

S. libanotis 1.35 1.47 5.68 6.00 6.32 6.70 12.35 11.45 10.80

G.littoralis >20 >20 >20 >20 >20 >20 >20 >20 >20

F. assa-foetida 7.23 6.80 5.70 4.65 5.23 4.35 7.65 5.43 4.30

H. dulce 0.90 0.87 3.30 3.84 4.05 3.92 4.90 4.78 4.00

T.japonica >20 >20 >20 >20 >20 >20 >20 >20 >20

O. grandiflora 1.60 1.52 8.70 9.60 12.32 15.70 16.30 12.27 11.90

P. luxurians 1.20 1.00 2.80 >20 5.76 3.43 6.89 5.94 4.87

itraconazol nt nt nt nt nt nt 1.0 × 10−3 0.1 × 10−3 1 × 10−3

5-flucytocine nt nt nt nt nt nt 0.1 × 10−3 1.0 × 10−3 9.7 × 10−3

amphotericin B nt nt nt nt nt nt 1.0 × 10−3 0.5 × 10−3 0.4 × 10−3

amoxicillin 1.8 × 10−3 1.5 × 10−3 2.5 × 10−3 2.7 × 10−3 3.1 × 10−3 2.1 × 10−3 nt nt nt

netilmicin 3.0 × 10−3 2.9 × 10−3 7.0 × 10−3 7.8 × 10−3 6.8 × 10−3 3.1 × 10−3 nt nt nt

nt: not tested.

4. Conclusions

The analyses of the essential oils of nine selected Apiaceae plants, all of them culti-
vated in Poland, resulted to some new data for Seseli devenyense, Heracleum dulce, Torillis
japonica and Peucedanum luxurians as they have never been studied before for their volatiles.
Moreover, the essential oils from Silaum silaus and Orlaya grandiflora have been analyzed
for the second time, showing differences in their chemical profile probably due to differ-
ent cultivation, climate and geographic conditions [32–34]. Glehnia littoralis essential oil,
cultivated in Europe, was analyzed for the first time, while Seseli libanotis was studied for
the second time in Europe showing differences in comparison with published data. Ferula
assa-foetida was also analyzed in this study due to its wide use and in order to compare its
chemical profile with previously reported data.

In general, the identified compounds showed a great variability among investigated
Apiaceae species. Among approx. 60 different metabolites, which were identified, sesquiter-
pene germacrene D was the only metabolite common in all nine essential oils. It is notewor-
thy that the chemical profile of Heracleum dulce was completely different from all the other
studied species, as it contains mainly coumarins. Moreover, it is also of interest that the high
proportion content of myristicin in the S. silaus essential oil, which together with α-pinene,
and α-caryophyllene were also present in many other plants of the Apiaceae family.

The essential oils or some of their constituents are very effective against a large variety
of organisms including bacteria and fungi. As typical lipophiles, they disrupt the structure
of the cytoplasmic membrane and permeabilize them. In bacteria, the permeabilization of
the membranes is associated with loss of ions and reduction of membrane potential [1,15].

Throughout the antimicrobial tests, Peucedanum luxurians together with Heracleum dulce
appeared as the most active among all assayed essential oils, exerting activity against all
assayed microorganisms. These results are in agreement with bibliographic data, as selected
Peucedanum plants (P. paniculatum, P. alsaticum, P. cervaria, P. graveolens, P. ruthenicum,
P. zenkeri and P. ostruthium) have been used for centuries as antibacterial agents, and for
some of them, the activity was confirmed by biological and pharmacological studies,
showing moderate or high activity against different human pathogens [15].
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Additionally, Heracleum dulce essential oil was full of coumarins, and its exerted
bioactivity could be contributed mainly to these compounds. Coumarins, naturally plant-
derived metabolites, possess a wide variety of known bioactivities. Series of coumarin
analogues naturally-isolated coumarins, as well as their chemically modified analogs,
are being extensively studied due to their broad spectrum, low toxicity, and lower drug
resistance properties [9,11,13–15]. Moreover, isolated furanocoumarins, from different
Apiaceae species (like imperatorin, bergapten, ostruthin, and isoimperatorin) were found
to be very active antimicrobial agents [35–37]. The above data suggest that several among
the studied essential oils may be an alternative promising way to treat various infections
with further extension towards cosmetic and pharmaceutical applications.
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