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The chemical composition and antimicrobial and antiradical activities of the essential oils isolated from unripe and ripe fruits
of S. globiferum Vis. (Apiaceae) have been determined. The most abundant constituent in the essential oils of unripe and
ripe fruits was sabinene (53.1% and 65.3%), followed by y-terpinene (7.7% and 6.6%), a-pinene (7.2% and 4.4%), and
B-phellandrene (5.0% and 4.9%). Antibacterial and antifungal properties of these oils were evaluated using a modified
microdilution technique. Scavenging activity was determined by the DPPH radical assay. The essential oils exhibited

significant antimicrobial, but low antiradical activity.
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The emergence of antibiotic resistance among
pathogenic and commensal bacteria has become
a serious problem worldwide. The use and overuse
of antibiotics in a number of settings are
contributing to the development of antibiotic-resistant
microorganisms [l1a]. Many pathogenic organisms,
such as Escherichia coli, and some species of
Fusarium, Aspergillus, and Penicillium are well
known causal agents of food-borne diseases and food
spoilage. Food-borne diseases are still a major and
very important problem in the World [1b]. Spices in
different types of food have been well known for
their antioxidant capacities since ancient times [1c].

The genus Seseli L. contains 55 species, most of
which are represented in the flora of Europe [2a].
Coumarins have been isolated from S. tortuosum L.
[2b-2¢], S. devenyense Simonkai [3a], S. libanotis
[3b] and S. hartvigii [3c]. Pharmacodynamic effects
have been studied of a volatile fraction isolated from
S. sibiricum Benth. [3d]. Traditional uses of Seseli
species as an anti-inflammatory agent were supported
by the results of Kupeli [3e].

There are no previous reports on the chemical
constituents, antimicrobial and antiradical activity of
the essential oils of S. globiferum fruits, and so these

have been investigated. The yield of essential oils
obtained by hydrodistillation of unripe and ripe fruits
was 2.5% and 2.0% v/m, respectively. GC and GC-
MS analyses showed a total of 42 compounds in the
essential oil of unripe fruits of S. globiferum, and a
total of 35 compounds in that of the ripe fruits,
representing 100% of the oils. In the essential oil of
unripe fruits the principal compound was sabinene
(53.1%), followed by y-terpinene (7.7%), a-pinene
(7.2%), p-phellandrene (5.0%), o-terpinene (4.1%)
and a-thujene (3.8%). The essential oil of ripe fruits
also contained sabinene as the main component
(65.3%), followed by y-terpinene (6.6%), pB-
phellandrene (4.9%), o-thujene (4.5%), a-pinene
(4.4%) and a-terpinene (4.3%) (Table 1). B-Pinene
(37.5%), 4a-hydroxygermacra-1(10)-5-diene (21.7%)
and a-pinene (13.7%) were the main constituents of
S. resinosum Freyn et Sint. essential oil, while (E)-
sesquilavandulol (37.0%), sabinene (19.7%), o-
pinene (13.5%) and B-phellandrene (7.8%) were the
main constituents of S. tortuosum essential oil [4a].

Essential oil from the aerial parts of S. rigidum W.
et K. contained a-pinene (53.3%), limonene (10.0%)
and germacrene D (9.3%) as major constituents
[4b]. Analyses of S. peucedanoides (MB) Kos.- Pol.
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Table 1: Chemical composition of the essential oils (EO) of
Seseli globiferum unripe and ripe fruits.

unripe ripe fruits *
Compound fruits EO% ___EO % Kl
a-Thujene 3.8 45 924
a-Pinene 7.2 44 932
Camphene 0.8 0.4 946
Sabinene 53.1 65.3 969
B-Pinene 2.4 11 974
B-Myrcene 1.6 0.7 988
a-Phellandrene 0.1 ND"™ 1002
A3-Carene 11 11 1008
a-Terpinene 41 4.3 1014
p-Cymene 15 11 1020
B-Phellandrene 5.0 4.9 1025
trans-B-Ocimene 0.2 ND 1044
y-Terpinene 7.7 6.6 1054
cis-Sabinene hydrate 0.4 0.2 1065
a-Terpinolene 19 1.9 1082
trans-Sabinene hydrate 0.3 0.1 1098
B-Thujone 0.1 ND 1112
cis-Menth-2-en-1-ol 0.1 ND 1118
a-Campholenal 0.1 ND 1122
trans-Pinocarveol ND 0.1 1135
trans-Verbenol 0.1 0.1 1140
1,4-Dimethyl-3-cyclohexenyl
methyl ketone 0.3 0.1 n/a
Citronellal 0.1 ND 1148
trans-2-Nonen-1-al 0.1 0.2 1157
Borneol 0.1 0.1 1165
p-Mentha-1,5-dien-8-ol ND 0.1 1166
Terpinen-4-ol 25 0.5 1174
p-Cymene-8-ol 0.1 0.1 1179
a-Terpineol 0.1 ND 1186
trans-Chrysanthenyl acetate 0.1 ND 1214
Thymol methyl ether 0.1 ND 1232
Bornyl acetate 0.5 0.2 1287
5-Elemene 0.1 0.1 1335
B-Elemene ND 0.1 1389
Methyleugenol 0.2 0.1 1403
B-Caryophyllene 0.1 ND 1417
y-Elemene 0.3 0.4 1434
Germacrene D 0.1 0.1 1484
B-Selinene ND 0.04 1490
a-Muurolene ND 0.1 1500
y-Cadinene 0.1 0.03 1513
Myristicin 1.9 0.3 1517
Elemol 14 0.6 1548
1,10-Di-epi-cubenol 0.1 0.1 1619
y-Eudesmol ND 0.1 1630
a-Eudesmol 0.1 ND 1647
Bulnesol 0.1 ND 1665
a-Bisabolol 0.1 ND 1685
Total 100 100

*KI: Kovats index on DB-5 column;*-*ND: Not detected

essential oil revealed 46 compounds representing
96.3% of the oil, with a-pinene (69.4%), B-pinene
(4.9%) and limonene (4.6%) as principal compounds
[4c]. Essential oils of S. buchtormense (Fisch. ex
Sprengel) Koch. obtained from various samples from
the Altai Region, had as major compounds, sabinene
(17.7-25.1%), a-pinene (5.3-14.6%), (E)-nerolidol
(5.5-11.6%) and B-phellandrene (2.5-7.0%) [4d]. The
principal compounds in the essential oil from the
aerial parts of S. macrophyllum Regel ex Schmalh
were p-cymene (27.2%), thymol (15.1%), carvacrol
(12.2%)and pulegone (8.2%) [4e]. Himachalol (16.4%)
and sabinene (14.8%) were the major compounds of
the essential oil of S. bocconi Guss [4f].
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Table 2: Antibacterial activity of Seseli globiferum essential oils and
streptomycin (MICs and MBCs in pL/mL).

unripe fruits ripe fruits streptomycin

Bacteria MIC MIC MIC
MBC MBC MBC
48+03 10.3¢0.3 50.0+0
M. flavus 9.740.3 24.8+0.3 100.040.5
S. typhimurium 24.8+0.3 50.0£0.5 100.0+0
50.0+0.5 100.30.3 100.3+0.3
. enteritidis 10.0+0.0 24.8+0.3 50.0+0
10.30.3 50.0£0.0 100.040.5
5. epidermidis 4.840.3 10.3¢0.3 100.0£0
: 9.7+0.3 24.8+0.3 100.3+0.3

Table 3: Antifungal activity of Sesile globiferum essential oils and
bifonazole (MICs and MFCs in puL/mL).

unripe fruits ripe fruits bifonazole
Fungi MIC MIC MIC
MEC MEC MEC
— 24.0£ 05 24.8:03 150.0405
T. viride 50.0+0.5 50.8+0.5 250.3+0.3
A flavus 0.5+0.0 48403 100.0+0.0
1.0£05 5.040.5 100.3+0.3
) 5005 5303 100.0+0.0
A. fumigatus 9.740.3 10.0+0.0 100.3+0.3
_ 4.840.3 50405 100.0+0.0
A. niger 10.0£0.3 10.8£0.3 100.3+0.3
A och 1.0£0.0 13403 100.040.0
- ochraceus 1.3+0.3 48403 100.3+0.3
b funiculosurm 1.0£0.0 0.5+0.0 150.040.5
13403 1.0£05 200.30.3
b ochrachioron 0.5£0.0 0.5+0.0 150.040.5
0.5£0.0 0.50+0.0 150.040.5
E tricinctum 9.740.3 10.0£0.0 100.00
10.0£0.0 10.3£0.3 100.3+0.3

In the microdilution antibacterial test, the effect of S.
globiferum oils was most prominent against Micro-
coccus flavus (MIC=4.8-10.3 pL/mL; MBC=9.7-
28.3 uL/mL). The most resistant bacterial species
was Salmonella typhimurium with a MIC= 24.8-50.0
uL/mL and MBC=50.0-100.3 pL/mL (Table 2).
Results obtained after 24 and 48 h were the same. It
is evident that the essential oil of unripe fruits
exhibited a higher antibacterial activity than that of
ripe fruits. In all cases, the essential oils were more
effective than the commercial drug streptomycin.

Fungi were more sensitive than bacteria to the effect
of the essential oils. Those from unripe and ripe fruits
of S. globiferum exhibited strong fungistatic and
fungicidal effects. In both cases, the most sensitive
species was Penicillium ochrochloron
(MIC=MFC=0.5 puL/mL), whereas Trichoderma
viride was the most resistant, with a MIC=24.8
puL/mL and MFC=50.0 pL/mL. The investigated
essential oils were more efficient than the
commercial drug bifonazole (Table 3).

The essential oil of S. libanotis seeds evidenced a
strong antimicrobial effect on 5 different bacteria [5].
The antimicrobial activity of the essential oil of S.
indicum was also strong at a very low concentration
[6a], and that of S. annuum showed antifungal
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activity against 15 fungi tested [6b], but the
antiradical activities of both oils were low, with SCx
values in the DPPH radical scavenging test of 446.7
and 373.2 upL/mL for wunripe and ripe oil,
respectively. In conclusion, considering the broad
spectrum of antimicrobial action of the essential oils
of S. globiferum, these might have application in
agriculture as antimicrobial preparations, as well as
in the food industry, as food preservatives.

Experimental

Plant material: Unripe fruits were collected in
September 2006, and ripe fruits in October 2006 in
Herceg Novi (Montenegro). Plant material was dried
at room temperature. A voucher specimen (No
S06051986) has been deposited at the Institute for
Biological Research *SiniSa Stankovic’.

Isolation of essential oil: Essential oils were isolated
by hydrodistillation from the unripe and ripe fruits of
S. globiferum in a Clevenger-type apparatus for 3 h
according to the procedure of the Yugoslav
Pharmacopeia IV [6¢]. The obtained essential oils
were stored at +4°C until further analyses.

Chemical analyses: Qualitative and quantitative
analyses of the essential oils were performed using
GC and GC/MS. The GC analysis of the oils was
carried out on a GC HP-5890 Il apparatus, equipped
with split-splitless injector, attached to a HP-5
column (25 m x 0.32 mm, 0.52 um film thickness)
and fitted to a FID. The carrier gas was H;
(2 mL/min). A sample (1 pL) in ethanol (0.2%) was
injected in split mode (1:30) at 250°C. The detector
temperature was 300°C (FID), while the column
temperature was linearly programmed from 40-
260°C, at 4°C/min. As for GC/MS analysis, a
Hewlett-Packard, G 1800C Series Il GCD model and
a HP-5MS column (30 m x 0.25 mm x 0.25 um)
were used. Mass spectra were recorded in ElI mode
(70 eV), in the m/z range 40-400. The transfer line
was heated at 260°C. Identification of the individual
essential oil components was accomplished by
comparison of retention times with standard
substances and by matching mass spectral data with
those of MS libraries (NIST and Wiley 275.1) using a
computer search and literature [6d]. For the purpose
of guantitative analysis, area percentages obtained by
FID were used.

Antimicrobial activity

Microorganisms and culture conditions: For the
bioassays, five bacterial strains: Micrococcus flavus
(ATCC 9341), Salmonella typhimurium (ATCC
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13311), Salmonella enteritidis (ATCC 13076) and
Staphylococcus epidermidis (ATCC 2228); and eight
fungi: Trichoderma viride (IAM 5061), Aspergillus
flavus (ATCC 9643), A. fumigatus (ATCC 9142), A.
niger (ATCC 6275), A. ochraceus (ATCC 12066),
Penicillium funiculosum (ATCC 36839), P. Ochro-
chloron (ATCC 9112), and Fusarium tricinctum
(CBS 514478) were used. All of the organisms tested
were from the Mycological Laboratory, Department
of Plant Physiology, Institute for Biological Research
‘SiniSa  Stankovi¢’, Belgrade, Serbia. The
micromycetes were maintained on malt agar (MA),
bacteria on Mueller-Hinton agar (MH); cultures were
stored at +4°C and subcultured once a month [7a].

Microdilution method: In order to investigate the
antimicrobial activity of the isolated essential oils,
the modified microdilution technique was used
[7b,7c]. Bacterial species were cultured overnight at
37°C in LB (Luria broth) medium. The fungal spores
were washed from the surface of agar plates with
sterile 0.85% saline containing 0.1% Tween 80 (v/v).
The fungal and bacterial cell suspension was adjusted
with sterile saline to a concentration of approximately
1.0 x 10° in a final volume of 100 puL per well. The
inocula were stored at +4°C for further use. Dilutions
of the inocula were cultured on solid MH for bacteria
and solid MA for fungi to verify the absence of
contamination and to check the validity of the
inoculum. Minimum inhibitory concentration (MICs)
determinations were performed by a serial dilution
technique using 96-well microtiter plates. The
investigated essential oil was added to either Luria
medium broth (bacteria) or Malt medium broth
(fungi) containing inoculum. The microplates were
incubated for 24 h and 48 h at 37°C for bacteria, or
72 h at 28°C for fungi, respectively. The lowest
concentrations without visible growth (binocular
microscope) were defined as MICs. The minimum
bactericidal (MBCs) and minimum fungicidal
concentrations (MFCs) were determined by serial
subcultivation of 2 pL in microtitre plates containing
100 pL of broth per well and further incubation for
24 h and 48 h at 37°C or 72 h at 28°C, respectively.
The lowest concentration with no visible growth was
defined as MBC/MFC, respectively, indicating =
99.5% killing of the original inoculum. Each
experiment was repeated in triplicate. Streptomycin
and bifonazole were used as positive controls (0.1-2
mg/mL).

DPPH radical assay: Essential oil was dissolved in
1.2 mL of absolute EtOH and then 0.3 mL of 0.5 mM
2,2-diphenyl-1-picrylhydrazyl radical (DPPH) in
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MeOH was added. Mixtures were vigorously shaken
and left for 30 min in the dark. Absorbance was
measured at 517 nm using MeOH as a blank. One mL
of 0.5 mM DPPH diluted in 4 mL of MeOH was used
as control. Scavenging of DPPH radical was
calculated using the equation: S(%)=100x(Aq-As)/Aq,
where A, is the absorbance of the control (containing
all reagents except the test compound), and A is the
absorbance of the tested sample. The SCs, value
represented the concentration of the essential oil that
caused 50% of neutralization (scavenging) of DPPH
radical [8]. Results were compared with the activity
of L-ascorbic acid.
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Statistical analysis: The results of the antimicrobial
tests of the essential oils were analyzed by two
factorial analysis of variance (ANOVA). The
package program Statistica (release 4.5, Copyright
StatSoft, Inc. 1993) was used for statistical
evaluation. Experiments were replicated twice on the
same occasion. All analyses were run in triplicate for
each replicate (n = 2 x 3).

Acknowledgements - The authors are grateful to the
Ministry of Science of Serbia for financial support
(Grants Ne 143041 and 143031).

(1]

(2]

(3]

(4]

(5]
(6]

(7]

(8]

(a) Barlow RS, Pemberton JM, Desmarchelier PM, Gobius KS. (2004) Isolation and characterization of integron-containing
bacteria without antibiotic selection. Antimicrobial Agents Chemotherapy, 48, 838-842; (b) Mead PS, Slutsker L, Dietz V, McCaig
LF, Breese JS, Shapiro C, Griffin PM, Tauxe RV. (1999) Food related illness and dead in the United States. Emerging Infection
Diseases, 5, 607-625.; (c) Madsen HL, Bertelsen G. (1995) Spices as antioxidants. Trends Food Science Technology, 6, 271-277.

(a) Nikoli¢ V. (1973) Apiaceae, In The Flora of FR Serbia, Josifovi¢ M (Ed). 5, Serbian Academy of Sciences and Arts, Belgrade,
Serbia, 242-243; (b) Ceccherelli P, Curini M, Marcotullio MC, Madruzza G, Menghini A. (1990) Tortuoside, a new natural
coumarin glycoside from Seseli tortuosum. Journal of Natural Products, 53, 536-537; (c) Abyshev AZ, Abyshev DZ. (1983)
Coumarin composition of Seseli tortuosum. Khimia Prirodnykh Soedinenii, 6, 704-709; (d) Gonzalez AG, Barroso JT, Lopez-Dorta
H,. Luis UR, Rodrigues-Luis F. (1979) Constituents of Umbelliferae. Part 21. Pyranocoumarin derivatives from Seseli tortuosum.
Phytochemistry, 18, 1021-1023; (e) Gonzalez AG, Barroso JT, Lopez-Dorta H, Luis IR, Rodriguez-Luis F. (1982) Constituents of
Umbelliferae. XXIV. Further coumarin derivatives from Seseli tortuosum. LBS European Annual Quim Ser C, 78, 407-4009.

(a) Widelski J, Melliou E, Fokialakis N, Magiatis P, Glowniak K, Chinou I. (2005) Coumarins from the fruits of Seseli devenyense.
Journal of Natural Products, 68, 1637-1641; (b) Lemmich J, Lemmich E, Nielsen BE. (1996) Constituents of umbelliferous plants.
8. Coumarins from the root of Seseli libanotis (L.) Koch. The structure of three new coumarins. Acta Chemica Scandinavica, 20,
2497-2507; (c) Tosun A, Baba M, Okuyama T. (2007) Coumarins from Sesli hartvigii roots. Natural Product Communications, 2,
653-658; (d) Jamwal KS, Sethi OP, Chopra IC. (1963) Pharmacodynamical effects of a volatile fraction isolated from Seseli
sibiricum Benth. Archive of International Pharmacodynamical Therapy, 143, 41-51; (e) Kupeli E, Tosun A, Yesilada E. (2006)
Anti-inflammatory and antinociceptive activities of Seseli L. species (Apiaceae) growing in Turkey. Journal of
Ethnopharmacology, 104, 310-314.

(a) Dogan E, Duman H, Tosun A, Kirkgloglu M, Baser KHC. (2006) Essential oil composition of the fruits of Seseli resinosum
Freyn et Sint. and Seseli tortuosum L. growing in Turkey. Journal of Essential Oil Research, 18, 57-59; (b) Savikin-Fodulovié¢ KP,
Zduni¢ GM, Tasi¢ SR. (2006) Essential oil of Seseli rigidum Waldst. et Kit. var. rigidum. Journal of Essential Oil Research, 18,
156-157; (c) Bulatovi¢ VM, Savikin-Fodulovi¢, Katarina P, Zduni¢ GM, Popovié¢ MP (2006) Essential oil of Seseli peucedanoides
(MB) Kos.- Pol. Journal of Essential Oil Research, 18, 286-287; (d) Tkachev AV, Korolyuk EA, Koénig W, Kuleshova
YV, Letchamo W. (2006) Chemical screening of volatile oil-bearing flora of Siberia VI1II.: Variations in chemical composition of
the essential oil of wild growing Seseli buchtormense (Fisch. ex Sprengel) W. Koch from different altitudes of Altai region.
Journal of Essential Oil Research, 18, 100-103; (e) Baser KHC, Ozek T, Nuriddinov KhR, Nigmatullaev AM, Khadzimatov KKh,
Aripov KhN. (1997) Essential oils of Mediasia macrophylla (Regel et Schmahl.) Pimen. and Foeniculum vulgare Mill., from
Uzbekistan. Journal of Essential Oil Research, 9, 249-250; (f) Marongiu B, Piras A, Porcedda S, Tuveri E, Maxia A. (2006)
Isolation of Seseli bocconi Guss., subsp. praecox Gamisans (Apiaceae) volatile oil by supercritical carbon dioxide extraction.
Natural Products Research, 20, 820-826;

Meene S, Chaudhary FM, Bhatty MK. (1989) Antimicrobial activity of the essential oils of Umbelliferae family, Part V1I1. Seseli
libanotis, Ligusticum stewartii and Pycnocycla aucheriana oils. Pakistan Jornal of Science and Industrial Resources, 32, 316-319.

(a) Singh G, Kapoor IPS, Pandey SK, Singh UK, Singh RK. (2002) Studies on the essential oils: Part 10; Antibacterial activity of
volatile oils of some species. Phytotherapy Research, 16, 680-682; (b) Milosavljevi¢ S, TeSevi¢ V, Vuckovié I, Jadranin M, Vajs
V, Sokovi¢ M, Janac¢kovi¢ P, Jovanovi¢ A. (2007) Composition and antifungal activity of the essential oil of Seseli annuum wild-
growing in Serbia. Fitoterapia, 78, 319-322; (c) Ph. Jug. IV, Yugoslavian Pharmacopoeia, Pharmacopoea Jugoslavica editio quarta,
vol. no. I. (1984) National Institute for Health Protection, Belgrade, Yugoslavia, 126-128, (d) Adams PR (2007) Identification of
Essential Oil Components by Gas Chromatography/Mass Spectroscopy. Allured Publishing Corporation: Carol Stream: IL, USA.
(a) Booth C. (1971) Fungal culture media. In Methods in Microbiology. Norris JR, Ribbons DW. (Ed). London & New York,
Academic Press, 49-94; (b) Hanel H, Raether W. (1988) A more sophisticated method of determining the fungicidal effect of
water-insoluble preparations with a cell harvester, using miconazole as an example. Mycose, 31, 148-154; (c) Daouk KD, Dagher
MS, Sattout JE. (1995) Antifungal activity of the essential oil of Origanum syriacum L. Journal of Food Protection, 58, 1147-1149.
Cuendet M, Hostettmann K, Potterat O. (1997) Iridoid-glucosides with free radical scavenging properties from Fagraea blumei.
Helvetica Chimica Acta, 80, 1144-1152.





