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Abstract. An analysis (GC and GC/MS) of Foeniculum vulgare Mill. (fennel) root and 
schizocarp essential oils and diethyl ether extracts enabled the identification of 89 
different components, representing 98.2-100% of the total samples. One fourth of the 
identified compounds (24 in total) are reported for the first time as fennel volatiles. The 
most abundant classes of constituents of all four analyzed samples were the 
phenylpropanoids (69.5-85.5%) and monoterpenoids (11.7-26.9%). The dominant 
volatile metabolites of the schizocarps were fenchone (13.3-18.8%) and (E)-anethole 
(66.1-69.0%). Contrary to that, terpinolene (6.2-6.5%) and dillapiole (71.4-77.5%) 
were the major volatiles of fennel roots. The most striking differences between the 
chemical composition of the analyzed oils and their corresponding extracts were a 
rather surprising presence of a significant relative amount of apiole in the root oil 
(9.3%; this compound was detected only in trace amounts in the root extract) and the 
high percentage of 10-nonacosanone in the schizocarp extract (5.8%; this ketone was 
absent from the schizocarp oil). Possible explanations of the mentioned differences 
were put forward. The AMS (average mass scan of the total ion chromatogram) 
profiles/fingerprints of the volatile oils and extracts of F. vulgare roots and fruits are 
also given in the paper.  

Keywords: Foeniculum vulgare Mill., Apiaceae, essential oil, diethyl ether extract, 
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1. INTRODUCTION 

Foeniculum vulgare Mill. (fennel; morač in Serbian) is a well-known umbelliferous 
(Apiaceae) plant. It is native to southern Europe and the Mediterranean area. Fennel fruits 
(schizocarps) are rich in essential oil, with phenylpropanoid (E)-anethole being its major 
constituent. Besides this, monoterpenoid glycosides and phenolic compounds are also 
among the secondary metabolites of this plant species [1]. For centuries, fennel fruits 
have been used as a traditional herbal medicine in Europe and China and it has been 
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known that their constituents are able to regulate menstruation, alleviate the symptoms of 
female climacteric syndrome, and increase libido [1, 2]. Investigations of F. vulgare ex-
tracts and essential oil, as well as of some compounds isolated from fennel and obtained 
in a pure state, have justified their broad (ethno)pharmacological application [1]. It has 
been shown that F. vulgare extracts possess emnenagague and galactagogue properties, 
antimicrobial, anti-inflammatory, antioxidant, antispasmodic, hepatoprotective and anti-
platelet activities [1, 3-5], and that they could be used in treatment of the pediatric colic 
and some respiratory disorders [4, 5]. Fennel is considered to be a rather safe drug with 
rare side effects and contraindications [1]. Two fennel varieties are of pharmaceutical 
importance: F. vulgare Mill., subsp. vulgare var. dulce (Mill.) Thellung (sweet fennel) 
and F. vulgare Mill. subsp. vulgare var. vulgare (bitter fennel). 

Rapid development of GC and GC/MS techniques and deconvolution software (e.g. 
AMDIS (Automated Mass Spectral Deconvolution and Identification System, algorithm 
developed by Steve Stein)) in the last 20 years have notably lowered the detection limits 
for a number of volatile natural compounds and even made possible the identification of 
GC coeluting constituents of complex mixtures [6]. This has caused a significant increase 
of the number of detected and successfully identified essential oil constituents (from a 
few tens to even several hundreds) [6]. Thus, we have decided to isolate and analyze (GC 
and GC/MS) essential oils and diethyl ether extracts of fennel roots and schizocarps to 
possibly detect and identify previously undetected/unidentified (minor) constituents. The 
chemical composition of the fruit volatile oils of Serbian F. vulgare has been reported 
previously [7-9]. However, the previously and currently analyzed plant materials are not 
of the same origin i.e. biologically uniform (they are representatives of a different genetic 
pool that have grown under different ecological circumstances). Therefore, the present 
work provides further new information on the F. vulgare volatile oils. An additional aim 
of this study was to mutually compare the chemical composition of F. vulgare extracts 
obtained from different plant organs (roots and fruits) and using different methods (hy-
drodistillation and solvent extraction). 

2. MATERIAL AND METHODS 

2.1. Plant material 

Roots and schizocarps of F. vulgare were collected in October 2008, in the city of 
Niš, Serbia. Voucher specimens (collected from the same plant population, in August, 
2008, during its full anthesis) were deposited in the Herbarium of the Faculty of Science 
and Mathematics, University of Niš, under the acquisition number 200854. Botanical 
identification was performed by N.R. 

2.2. Essential oil isolation 

Fresh F. vulgare roots (cut into small pieces) and crushed (in a mortar) schizocarps 
(three batches each) were subjected to hydrodistillation with the appropriate amount of 
distilled water (1-3 L) for 2-6 h (until a clear distillate was obtained) using the original 
Clevenger-type apparatus [10]. The obtained oils were separated by extraction with di-
ethyl ether and dried over anhydrous magnesium sulphate. The solvent was evaporated 
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under a gentle stream of nitrogen at room temperature in order to exclude any loss of the 
essential oil and immediately analyzed. When the oil yields were determined, after the 
bulk of ether was removed under a stream of N2, the residue was exposed to vacuum at 
room temperature for a short period to eliminate the solvent completely. The pure oil was 
then measured on an analytical balance and multiple gravimetric measurements were 
taken during 24 h to ensure that all of the solvent had evaporated. The yields of obtained 
oils (given in % (w/w) and grams) and masses of the starting plant materials (typical val-
ues), as well as the sample designations, are listed in Table 1. 

2.3. Preparation of diethyl ether extracts 

Fresh F. vulgare roots (cut into small pieces) and crushed schizocarps (three batches 
each) were immersed in vessels with 100-200 mL of diethyl ether, sealed and left in a 
dark place, at room temperature, for 5 days. The extract was gravity filtered through a 
small column packed with 5 g of Celite® (Merck, Darmstadt, Germany), to remove all 
insoluble material, and then concentrated to 10 mL at room temperature using a stream of 
nitrogen before GC and GC/MS analyses. The yields of dry extracts, obtained by com-
plete evaporation of the solvent in vacuo, are given in Table1. 

Table 1. Masses of F. vulgare roots and schizocarps used for the extractions, yields of the 
obtained F. vulgare volatile oils and extracts and sample designations  

Plant part  
Plant material mass, 

ga 
Yield, 

% (w/w)/ga 
Sample 

designation 
Essential oil 1000 0.2/2.05 RO 

Root 
Extract 100 0.1/0.14 RE 

Essential oil 500 4.5/22.68 SO 
Schizocarp 

Extract 30 3.8/1.15 SE 

a Average values of three repetitions. 

2.4. GC and GC/MS analyses 

The GC/MS analyses were repeated three times for each sample using a Hewlett-
Packard 6890N gas chromatograph. The gas chromatograph was equipped with a fused 
silica capillary column DB-5MS (5% phenylmethylsiloxane, 30 m  0.25 mm, film 
thickness 0.25 m, Agilent Technologies, USA) and coupled with a 5975B mass selec-
tive detector from the same company. The injector and interface were operated at 250 and 
320 oC, respectively. The oven temperature was raised from 70 to 315 oC at a heating rate 
of 5 oC/min and then isothermally held for 10 min. As a carrier gas helium at 1.0 mL/min 
was used. The samples, 1 L of the oil solutions in diethyl ether (1 : 100) or extracts 
(prepared as previously mentioned), were injected in a pulsed split mode (the flow was 
1.5 mL/min for the first 0.5 min and then set to 1.0 mL/min throughout the remainder of 
the analysis; split ratio 40 : 1). Мass selective detector was operated at the ionization en-
ergy of 70 eV, in the 35-500 amu range with a scanning speed of 0.34 s. GC (FID) analy-
ses wеrе carried out under the same experimental conditions using the same column as 
described for the GC/MS. The percentage composition was computed from the GC peak 
areas without the use of correction factors. Qualitative analyses of the essential oils and 
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extracts constituents wеrе based on several factors. Firstly, the comparison of the essen-
tial oils linear retention indices relative to the retention times of C8-C32 n-alkanes on the 
DB-5MS column [11] with those reported in the literature [12]. Secondly, by comparison 
of their mass spectra with those of authentic standards, as well as those from Wiley 6, 
NIST02, MassFinder 2.3. Also, a homemade MS library with the spectra corresponding 
to pure substances and components of known essential oils was used, and finally, wher-
ever possible, the identification was achieved by co-injection with an authentic sample 
(Table 2, see column Identification). Relative standard deviation (RSD) of repeated 
measurements (independent sample preparations and GC-MS) was for all substances be-
low 1%. The only exceptions which had higher RSD were minor components such as β-
phellandrene, camphor, kessane and hexadecanoic acid where RSD was 6, 2, 8 and 11%, 
respectively. 

2.5. AMS (Average mass scan of the total ion chromatogram) profiles of 
analyzed samples 

The average mass scans of the total ion chromatograms (AMS) of all samples (A-D) 
were obtained directly from the ChemStation as an average of Rt1 (2.09-2.25) to Rt2 
(11.70-44.23) min and present the arithmetic average value of the abundances of each ion 
recorded by the mass selective detector in the given time frame, rounded to a nominal 
mass (35-500 amu). Large solvent peaks appearing up to a Rt of 2 min were not recorded. 
The duration of a single run was 59 min. After Rt2 (11.70-44.23 min) no ions corre-
sponding to the last peak apex of the given GC chromatogram were detected and the in-
terval between Rt2-59.00 min was not taken into account to lessen the effect of column 
bleed peaks. 

3. RESULTS AND DISCUSSION 

Analyses (GC and GC/MS) of F. vulgare roots and schizocarp essential oils and di-
ethyl ether extracts enabled the identification of 89 different components, representing 
98.2-100% of the total samples (Table 2). Total ion chromatograms (GC/MS) of all oils 
and extracts are given in Figure 1. The most abundant classes of constituents of the four 
analyzed samples were the phenylpropanoids (69.5-85.5%) and monoterpenoids (11.7-
26.9%). The structures of the major identified components and their mass spectra are 
given in Figures 2 and 3. The dominant volatile metabolites of schizocarps were fenchone 
(13.3-18.8%) and (E)-anethole (66.1-69.0%). Contrary to that, terpinolene (6.2-6.5%) and 
dillapiole (71.4-77.5%) were the major volatiles of fennel roots. The obtained results are 
in general agreement with the previous studies on the volatile metabolites of F. vulgare 
[7-9, 13-21]. Nevertheless, 24 (minor) constituents (Table 2) of the analyzed samples 
have been for the first time identified as fennel volatiles. Moreover, this study has once 
again confirmed that the volatile profiles of fennel roots and fruits, being mostly indis-
tinct from the previous reports, are not influenced by ecological and geographical factors, 
but only by subspecies/variety [17]. In addition, based on the literature data and herein 
presented results, one could assume that the plant material studied in this paper corre-
sponds to F. vulgare Mill. subsp. vulgare var. vulgare (bitter fennel) [17]. 
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Table 2. Chemical composition of Foeniculum vulgare Mill. roots and schizocarp 
essential oils (RO and SO, respectively) and diethyl ether extracts  
(RE and SE, respectively) 

RIa Compound RO RE SO SE Class Ident.b 

821 3-Methylbutanoic acid  trc   O RI, MS, CoI 
833 Furfurald tr    O RI, MS, CoI 
902 Heptanal tr tr   O RI, MS, CoI 
928 α-Thujene tr tr  tr M RI, MS 
936 α-Pinene 0.1 0.1 1.7 3.6 M RI, MS, CoI 
950 α-Fenchene    tr M RI, MS 
951 Camphene   0.1 0.2 M RI, MS, CoI 
963 Benzaldehyde  tr   O RI, MS, CoI 
975 Sabinene tr tr 0.1 0.2 M RI, MS 
981 β-Pinene tr tr 0.2 0.3 M RI, MS, CoI 
990 Myrcene 0.1 0.1 0.8 1.0 M RI, MS, CoI 
991 2-Pentyl furan tr    O RI, MS 
995 Dehydro-1,8-cineoled tr    M RI, MS 
999 Mesitylene  tr   O RI, MS, CoI 
1000 Decane  tr   O RI, MS, CoI 
1003 Octanal tr tr   O RI, MS, CoI 
1007 α-Phellandrene 1.0 1.6 0.4 0.4 M RI, MS 
1013 p-Mentha-1(7),8-diened tr tr   M RI, MS 
1019 α-Terpinene tr tr tr tr M RI, MS 
1026 p-Cymene 0.6 0.7 0.1 0.1 M RI, MS, CoI 
1030 Limonene 0.3 0.4 2.7 2.5 M RI, MS, CoI 
1031 β-Phellandrene 0.1 0.1 tr 0.1 M RI, MS 
1034 1,8-Cineole   0.2 0.2 M RI, MS, CoI 
1035 (Z)-β-Ocimene tr  tr tr M RI, MS 
1045 Phenylacetaldehyde tr tr   O RI, MS, CoI 
1059 γ-Terpinene 3.1 4.0 1.3 1.2 M RI, MS 
1069 cis-Sabinene hydrate   0.1 0.1 M RI, MS 
1091 Terpinolene 6.2 6.5   M RI, MS 
1092 p-Cymenened tr    M RI, MS 
1093 Fenchone   18.8 13.3 M RI, MS, CoI 
1100 Undecane tr tr tr tr O RI, MS, CoI 

1105 
3-Methylbutyl  
2-methyl butanoated    tr O RI, MS, CoI 

1108 (E,E)-2,4-Heptadienald   tr tr O RI, MS 
1114 p-Mentha-1,3,8-triene tr    M RI, MS 
1117 endo-Fenchol tr  tr tr M RI, MS 
1122 exo-Fenchol   tr tr M RI, MS 
1126 trans-Pinene hydrate   tr tr M RI, MS 
1139 p-Mentha-1,5,8-triene tr    M RI, MS 
1148 Camphor   0.4 0.3 M RI, MS, CoI 
1160 (E)-2-Nonenal tr tr   O RI, MS 
1181 Terpinen-4-ol tr  tr tr M RI, MS, CoI 
1187 p-Cymen-8-ol tr tr   M RI, MS 
1201 Methyl chavicol tr  4.1 3.3 PP RI, MS, CoI 
1222 endo-Fenchyl acetate 0.2 0.3   M RI, MS, CoI 
1236 Hexyl 2-methylbutanoate    tr O RI, MS, CoI 
1236 exo-Fenchyl acetate tr tr   M RI, MS 
1255 (Z)-Anethole   tr 0.1 PP RI, MS 
1259 p-Anis aldehyde    tr PP RI, MS 
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1261 (E)-2-Decenald tr    O RI, MS 
1288 (E)-Anethole 0.1 tr 69.0 66.1 PP RI, MS, CoI 
1317 p-Vinylguaiacol tr    O RI, MS 
1380 α-Copaene    tr S RI, MS 
1403 Vanillin  tr   O RI, MS, CoI 
1425 β-Caryophyllene tr tr   S RI, MS, CoI 
1444 β-Barbatened  tr   S RI, MS 
1470 γ-Decalactoned tr    O RI, MS, CoI 
1485 trans-Cadina-1(6),4-diened   tr 0.1 S RI, MS 
1494 4-epi-cis-Dihydroagarofurand 0.9 1.1   S RI, MS 
1510 β-Bisabolene tr tr   S RI, MS 
1525 Myristicin 4.5 2.6   PP RI, MS, CoI 
1526 δ-Cadinene    tr S RI, MS 
1527 β-Sesquiphellandrene tr tr   S RI, MS 
1533 Kessaned 1.5 1.6   S RI, MS 
1537 Liguloxided tr    S RI, MS 
1558 Elemicin 0.2 0.2   PP RI, MS 
1577 (E)-2-Tridecen-1-old tr    GL RI, MS 
1581 Propiovanilloned  tr   PP RI, MS, CoI 
1600 Hexadecane tr    O RI, MS, CoI 
1636 Dill apiole 71.4 77.5   PP RI, MS 
1656 Exalatacind tr tr   PP RI, MS 
1659 Butylphthalided tr tr   O RI, MS 
1686 Apiole 9.3 tr   PP RI, MS 
1717 (E)-3-Butylidene phthalided  tr   O RI, MS 
1719 Sedanenolided  0.1   O RI, MS 
1735 (Z)-Ligustilided  tr   O RI, MS 
1796 (E)-Ligustilided  tr   O RI, MS 
1917 Methyl hexadecanoate  tr   O RI, MS, CoI 
1951 Hexadecanoic acid  0.1   O RI, MS, CoI 
2037 (Z)-Falcarinol tr 0.2   O RI, MS 
2055 Bergaptene  0.2   PP RI, MS 
2145 (Z)-9-Octadecenoic acid     0.3 O RI, MS 
2300 Tricosane    tr O RI, MS, CoI 
2168 Abieta-8(14),13(15)-diened tr    O RI, MS 
2188 Falcarindiol  0.5   O RI, MS 
2500 Pentacosane    tr O RI, MS, CoI 
2700 Heptacosane    0.1 O RI, MS, CoI 
2900 Nonacosane    0.2 O RI, MS, CoI 
3080 10-Nonacosanonee    5.8  RI, MS 
3187 Stigmast-5-en-3β-old  0.3   O RI, MS 
 Total 99.6 98.2 100 99.5   
 Monoterpenoids (M) 11.7 13.8 26.9 23.5   
 Oxygenated 0.2 0.3 19.5 13.9   
 Hydrocarbones 11.5 13.5 7.4 9.6   
 Sesquiterpenoids (S) 2.4 2.7 tr 0.1   
 Phenylpropanoids (PP) 85.5 80.5 73.1 69.5   
 Others (O) tr 1.2 tr 0.6   

a Compounds listed in order of elution on DB-5MS column (RI -experimentally determined retention indices on the mention 
column by co-injection of a homologous series of n-alkanes C8-C32); 

b MS - constituent identified by mass spectra comparison; 
RI - constituent identified by retention index matching; CoI - constituent identity confirmed by GC co-injection of an authentic 
sample; c tr -trace (<0.05%); d Found for the first time in a F. vulgare sample; e MS (EI, 70 eV, m/z) 422([M.+], 3), 393(1), 
365(1), 337(3), 311(12), 310(8), 295(66), 250(1), 183(11), 171(64), 155(91), 127(13), 110(24), 96(28), 95(25), 85(46), 81(21), 
71(100), 59(34), 58(58), 57(81), 55(48), 43(87), 41(33). 
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Fig. 1. Total ion chromatograms of samples RO (A), RE (B), SO (C) and SE (D) 
(GC/MS; x-axis: scan number, y-axis: relative abundance); for compound 
designations see Fig. 2. 
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Fig. 2. The major compounds identified in the analyzed oils and extracts: 1-apiole,  
2-dillapiole, 3-myristicin, 4-methyl chavicole, 5-(E)-anethole, 6-fenchone,  
7-terpinolene, 8-γ-terpinene and 9-10-nonacosanone. 

Generally speaking, both herein analyzed oils were comparable in composition with 
their corresponding extracts (RO and RE; SO and SE), Table 2. The most striking differ-
ence between the root oil and the corresponding extract was the rather surprising pres-
ence of a significant relative amount of apiole in RO (9.3%), while this compound was 
detected only in trace amounts in RE. Two (at least) different hypotheses could be pos-
tulated to explain the mentioned difference. One possibility is that apiole was formed 
during hydrodistilation from some other F. vulgare metabolite, that was not vola-
tile/stable under the hydrodistillation and/or GC conditions (and thus GC/MS undetect-
able in both the root oil and extract). However, it must be mentioned that it doesn’t seem 
reasonable to assume that dillapiole could isomerize into apiole during the isolation of the 
essential oil (1 and 2, Figure 2). Other explanation is that the extraction of the roots (di-
ethyl ether, ambient temperature, 5 days) was not as efficient as the hydrodistillation, and 
apiole remained encapsulated in the plant material. As the plant material was subjected to 
relatively high temperatures (around 100 °C) during the hydrodistillation, apiole could 
have been (readily) “released” from fennel roots and isolated together with other essential 
oil constituents (RO). This hypothesis could be simply tested by modifying extraction 
conditions (time of extraction, solvent used, ultrasound assisted extraction, etc.), how-
ever, that was outside of the scope of the current paper. One could even argue that the 
herein applied methodology was not completely appropriate for the extracts investiga-
tions (GC and GC/MS), since, generally speaking, some of the plant constituents, extract-
able from plant material with diethyl ether or other organic solvents of the similar polar-
ity, could be non volatile under GC and GC/MS conditions (e.g. temperature of GC in-
jector of 250 °C). Nevertheless, GC and GC/MS analyses of plant extracts allow identifi-
cation of additional compounds, which cannot be steam-distilled, and thus are not present 
in volatile oils [13]. As an example for this, 10-nonacosanone could be used. This com-
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pound, which cannot be steam-distilled (and was absent from SO), represented a signifi-
cant portion of the GC and GC/MS analyzable part of fennel’s fruit extract (SE, 5.8%). In 
fact, it is the GC and GC/MS analyses of the extract of F. vulgare that have enabled the 
first detection/identification of 10-nonacosanone as the fennel metabolite [13]. Moreover, 
some authors consider this compound as the chemical marker for the genera Foeniculum, 
Anethum and Bupleurum, all belonging to the Apiaceae [13]. It seems reasonable to as-
sume that 10-nonacosanone is actually a fennel fruit wax constituent [22]. To confirm 
this assumption, intact schizocarps should be washed/rinsed with acetone and the ob-
tained washings (after the solvent removal) analyzed by GC/MS. However this will be 
explored elsewhere. 

It has been shown that in the analysis of complex volatile mixtures, the inclusion of 
the AMS data (average mass scan of the total ion chromatograms), alongside with the 
tables of identified constituents and their relative percentages, would be of great assis-
tance. It could facilitate the creation and comparison of large data sets and provide a way 
for reviewers to readily verify the identification of the constituents of the complex mix-
tures [6, 23]. It should be noted that AMS represents the average response of the MS de-
tector in a given timeframe. The relative abundances of the AMS m/z values correspond 
to the arithmetic mean for a given timeframe and account for both the relative abun-
dances of ions in individual mass spectra, as well as the relative percentages of the corre-
sponding mixture components. AMS is not an average mass spectrum of the mixture, as 
this would result in a loss of the information about the relative percentages of the mixture 
components [6, 23]. It is important to point out that AMS profiles of the essential oils, or 
some other GC/MS analyzable mixtures, provide additional/control data set for their 
multivariate statistical analyses [6, 23]. Moreover, the use of the relative abundances of 
the AMS m/z values as variables, rather than percentage compositions based on peak ar-
eas, has the potential to eliminate many of the shortcomings related to the direct applica-
tion of data obtained from different research laboratories and/or instruments. Multivariate 
analysis of complex mixtures based on Rt values and integration of peak areas, are ham-
pered by the very frequent event of close peak elution (or coelution), which can lead to 
erroneous integration results. This problem can be overcome by utilizing AMS, since it is 
not the elution time that is important, but rather the contributing fragmentation patterns of 
the different compounds [6, 23]. The AMS profiles of the herein analyzed volatile oils 
and extracts of F. vulgare roots and fruits are given in Figure 4. In fact, this is the first 
report of the AMS profiles of any plant originated mixture of compounds. As can be seen 
from Figures 3 and 4, the AMSes of the analyzed samples clearly confirm the identifica-
tion of the samples’ (major) constituents. For example, the most dominant peaks of the 
SO and SE AMS profiles were the most dominant m/z values (e.g. m/z 148, 81, 71) of the 
MSes of their major constituents: (E)-anethole, fenchone and 10-nonacosanone, Figures 3 
and 4. Similarly, peaks with m/z 222, 177, 93 etc. (the most abundant in the MSes of dil-
lapiole, apiole and terpinolene) were that of the highest relative amounts in the AMSes of 
RE and RO (Figures 3 and 4). 
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Fig. 3. Mass spectra (EI, 70 eV) of major compounds identified in the analyzed oils and 
extracts: 1-apiole, 2-dillapiole, 3-myristicin, 4-(E)-anethole, 5-methyl chavicole, 
6-fenchone, 7-terpinolene, 8-γ-terpinene and 9-10-nonacosanone. 
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Fig. 4. AMS (average mass scan of the total ion chromatogram) profiles of samples RO 
(A; Rt=2.09-21.67 min), RE (B; Rt=2.25-11.70 min), SO (C; Rt=2.20-32.01 min) 
and SE (D; Rt=2.15-44.23 min). 
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To summarize, the GC and GC/MS analyses of F. vulgare roots and fruit essential 
oils and diethyl ether extracts enabled the identification of 24 components that haven’t 
been previously reported as fennel volatiles. This once again pointed out to the impor-
tance of reinvestigation of the previously analyzed plant species, especially that of phar-
macological significance. 
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ISPARLJIVI SEKUNDARNI METABOLITI BILJNE VRSTE 
FOENICULUM VULGARE MILL. (APIACEAE) 

Niko S. Radulović, Polina D. Blagojević 

Ukupno 89 jedinjenja, koja su sačinjavala 98,2-100% etarskih ulja i dietil-etarskih ekstrakata 
korena i šizokarpa biljne vrste Foeniculum vulgare Mill. (morač), je identifikovano korišćenjem gasne 
hromatografije i gasne hromatografije sa masenom detekcijom (GC i GC/MS). Čak četvrtina (ukupno 
24) od svih identifikovanih jedinjenja u analiziranim uzorcima nije nađena u ranije proučavanim 
uljima/ekstraktima morača. Najzastupljenije klase jedinjenja u svim analiziranim uzorcima su bili 
fenilpropanoidi (69,5-85,5%) i monoterpenoidi (11,7-26,9%). Dominantni sastojci etarskog ulja i dietil-
etarskog ekstrakta šizokarpa morača su bili fenhon (13,3-18,8%) i (E)-anetol (66,1-69,0%). Nasuprot 
tome, uzorci dobijeni iz korena F. vulgare sadržali su značajnu količinu terpinolena (6,2-6,5%) i 
dilapiola (71,4-77,5%). Najznačajnije razlike u hemijskim sastavima analiziranih ulja i odgovarajućih 
ekstrakata se odnose na visok relativni udeo apiola u ulju korena (9,3%; u ekstraktu korena apiol je bio 
prisutan tek u tragovima) i značajan procenat 10-nonakozanona u ekstraktu šizokarpa (5,8%; ovaj keton 
nije detektovan u ulju plodova). Predložene su hipoteze za objašnjenje pomenutih razlika. U radu su dati 
i UMS (usrednjeni maseni sken ukupnog jonskog hromatograma) profili/”otisci prsta”analiziranih ulja i 
ekstrakta vrste F. vulgare. 

Ključne reči: Foeniculum vulgare Mill., Apiaceae, etarsko ulje, dietil-etarski ekstrakt, koren, 
šizokarpi 

 


