UNIVERSITY OF PARDUBICE
FACULTY OF CHEMICAL TECHNOLOGY
Institute of Analytical Chemistry

Silvie Surmova

Analysis of Volatile Organic Compounds in Natural Matrices
by HS-SPME/GC-MS

These of the Doctoral Dissertation

Pardubice 2018



Study program: Analytical Chemistry
Study field: Analytical Chemistry

Author: Silvie Surmova
Supervisor: prof. Ing. Karel Ventura, CSc.
Year of the defence: 2018



References

SURMOVA, Silvie. Analysis of Volatile Organic Compounds in Naturathices by
HS-SPME/GC-MSPardubice, 2018. 167 pages. Dissertation thBsidX). University
of Pardubice, Faculty of Chemical Technolgy, Ing&t of Analytical Chemistry.
Supervisor prof. Ing. Karel Ventura, CSc.

Abstract

This thesis is about the analysis of volatile orgaompounds in natural samples. It
is focused on the application of preconcentratemimniques, extraction techniques (for
example, solid-phase microextraction, distillatmnsupercritical fluid extraction) and
the application of analytical separation technigémsthe identification and semi-
quantification of volatile compounds typically fadim natural materials, or products
made from them.

The experimental part of the thesis is divided itbwee main chapters: the
extraction of compounds present in rose petals,atmaysis of different kinds of
alcoholic beverages, and the aroma-profile charnaeteon of volatile compounds
found in tonka bean®fpteryx odoratd. The theoretical part of the thesis contains the
basic information about that which has been stydiad the practical part contains the
chemicals, instruments and analytical procedures.usach chapter contains its own
section where the results are discussed.

Abstrakt

Diserta&ni prace je zagfena na analyzwkavych organickych latek ve vzorcich
piirodniho materidlu. Zabyva se aplikaci prekonceénidn technik, extrakich
technik (mikroextrakce tuhou fazi, destilace, extea nadkritickou tekutinou)
a pouzitim analytickych sepdrdch metod pro identifikaci, ffp. semikvantifikaci
teékavych slodenin charakteristickych proc¢které girodni materialy¢i produkty
z nich vyrobené.

Experimentalntast diserténi prace je rozélena nait hlavni kapitoly, kterymi jsou
problematika extrakce¢ktavych slodenin gitomnych v okétnich listcich #zi,
analyza tiznych druli alkoholickych napdj a charakterizace profilikavych latek
tonkovych bol. Zékladni informace o zkoumanych matricich jsoupsany
v teoretickécéasti prace, v praktickéasti jsou uvedeny pouzité chemikaligjstroje
a analytické postupy, ¢etré jejich optimalizace. Kazda kapitola obsahuje wviast
sekci, kde jsou diskutovany dosazené vysledky.
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Rose Petals

1. INTRODUCTION

It is generally known that rose flower slices camtanixtures of aromatic
compounds which vary among different species amgktias. For example, thRosa
genusincludes 100-200 species and more than 18 00Wardtand hybrids [1]More
than 400 volatile compounds have been identifiedhan rose scent of various rose
cultivars. The chemical composition of rose scsrgignificantly complex due to the
presence of several chemical groups: hydrocarbers £-caryophyllene), alcohols
(e.g. phenylethyl alcohol), terpenes (e.g. gerametkol), esters (e.g. hexyl-acetate,
geranyl acetate), aromatic ethers (e.g. 3,5-dinxgtbtuene), and other compounds [2,
3] Literary sources report monoterpenes as majompoments of rose scent
(principally citronellol, geraniol, nerol and liradl), 2-phenylethanol and sulphated
volatiles, such as dibenzothiophene [4-7].

One of the possibilities how to extract volatile semi-volatile compounds from
plant material is the headspace solid-phase mitteion (HS-SPME) which
presents several advantages. Some of these adesmtaflS-SPME are easy and fast
preparation of sample as well as the eliminationsolvents or easily automated
sampling [8-10].SPME can be a fast, sensitive and economical metihaample
preparation preceding the analysis using gas chagrephy [11].

2. EXPERIMENTAL

2.1 Chemicals

Two n-alkane standard mixtures £&, in n-hexane; G-Cq in toluene; 40 mg t
each component) were purchased from Sigma-Aldicague, Czech Republic).

Plant Material

Six different types of rose petalRdsa genyswere analysedRosa Mariyg Rosa
RhodosRosa SudoklRosa TaraRosa TacazandRosa Deep Purpléll roses have
been brought from the Netherlands within the peffimin October 2014 to March
2015.

2.2 Sample preparation

Roses were air-dried on the filter paper at a rdemperature of 20-25 °C to
dryness. Residual moisture was determined by atumeisnalyzer KERN MLB50-3
from Kern (Balingen, Germany) and dry weight randredn 82.3 % to 86.1 %. Dried
rose petals were milled into a powder using a S¥ier Mill (SPEX SamplePrep,
Metuchen, NJ, USA). Extraction by HS-SPME was earout in 20 mL headspace
vials and closed by a cap with a Teflon septum éBiqp Bellefonte, PA, USA).

2.3 Headspace solid-phase microextraction

SPME experiments were carried out using 50M0DVB/CAR/PDMS fiber
(divinylbenzene/carboxen/polydimethylsiloxane) (B&inte, PA, USA). The fiber
was conditioned before use, as the manufacturemre®nds. The HS-SPME was



carried out at optimised conditions. 0.7 g of samphs taken into 20-mL glass vials
and the extraction procedure was conducted at perature of 90 °C for 60 minutes.

2.4 GC-MS analysis

A gas chromatograph, model GC-2010 Plus, coupletth \mass spectrometry
detector TQ-8030 and auto-sampler AOC-5000 Pluk fam Shimadzu, Kyoto,
Japan) was used for analysis. Injections have peeiormed in splittess mode. The
GC-MS system has been equipped with a capillaryrool SLB™-5ms with 30m
length, 0.25mm inner diameter and 0.25n film thickness (Supelco, Bellefonte, PA,
USA). Helium 5.0 (Linde Gas a.s., Prague, CzechuRkg was used as a carrier gas
at a constant linear velocity of 8 s’. The injector and the interface temperature
were maintained at 230 °C. The column temperatasebeen programmed as follows:
the initial temperature was 40 °Crbn) then increased at a rate of 3 °C/min up to 280
°C (15min). The mass spectrometer was operated in thesdah mode over a mass
range ofm/z 45-500 and in the electron ionization mode (70.eV)

The mixtures ofn-alkanes (GC,, C1-C4) were injected using the above
temperature program in order to calculate the tetenindex (RI) for each peak.
Identification of the components was done by coinspar of mass spectral
fragmentation patterns stored in MS data libraN&ST 11, Willey 209 and FFNSC 2
and verified by comparison of retention indices identified compounds with
published index data (NISThemical Webbook databgsand RIs from MS data
library FFNSC 2The criterion of similarity for the mass spectrasnat least 80 %.

2.5 GC-FID analysis

GC-FID analysis was performed on Shimadzu GC20Xin{&zu, Co., Kyoto,
Japan) coupled with a flame ionization detectoD|FIThe detector temperature was
maintained at 300 °C. The other analytical condgigcolumn type and temperature
program, the injector temperature, carrier gasitnbinear velocity were the same as
those of GC-MS analysis.

2.6 Optimization of the extraction conditions

The HS-SPME conditions were optimized using a egmibmposite design (CCD).
The statistical analysis and CCD were performedguStatistica CZ software, version
12 (StatSoft CR, Prague, Czech Republic). CCD waseth on a 2factorial design
plus nine axial points plus three replicates indéeter of the design. The independent
variables in design were extraction time, extractiemperature and sample weight.
Twenty experiments (Table lyere generated by CCD and executed in the given
order. All optimization experiments were performgih milled rose petals oRosa
Mariyo.

3. RESULTS AND DISCUSSION

3.1 Optimization of HS-SPME

At the beginning of experiment three parametersehéeen chosen for the
optimization of HS-SPME technique: the time of agtron (20-60 min), the
temperature of extraction (50-90 °C) and the wemghthe sample (0.3-0.7 g). The
distribution coefficient between the sample and lt& and between the HS and the
fiber is influenced by the extraction temperatfit?]. When selecting an SPME
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sorbent, the polarity of the sorbent coating shoukitch the polarity of the analyte,
and the coating should be resistant to high-tentperaconditions [13]The correct
fiber was selected based on recommendations Sigdrach Guide [14].The bipolar
fiber (DVB/CAR/PDMS) has been examined for analysfscompounds in roses.
Optimum extraction conditions were determined bg thethod of response surface
modeling. The whole design consists of twenty expental points as seen in Table 1

Table 1 Central composite design-coded independent vasallx, X, X3),
corresponding experimental conditions (X,, X3) and results represented by the total
area in chromatogram for 50/gén (DVB/CAR/PDMS) fiber. (C) — central point

R Extraction Extraction Sample  Total area Total area
un time, min  temperature, °C weight, g  Predicted Observed
X1 (X1) X2 (X2) X3(X3)

1 -1 (28) -1 (58) -1(0.38) 3.02x10 2.43x10

2 -1 (28) 1 (82) 1 (0.62) 8.62x10  8.00x10

3 1 (52) -1 (58) 1 (0.62) 4.40x10 3.61x16

4 1 (52) 1 (82) -1(0.38) 8.48x10 8.13x1§

5 (C) 0 (40) 0 (70) 0 (0.50) 4.88x10 5.10x16
6 (C) 0 (40) 0 (70) 0 (0.50) 5.21xi0 5.10x10
7 -1 (28) -1 (58) 1 (0.62) 2.590x40 2.78x16

8 -1 (28) 1 (82) -1(0.38) 6.38x10 7.00x16

9 1 (52) -1 (58) -1(0.38) 2.52x10 2.97x18
10 1 (52) 1 (82) 1 (0.62) 9.00x10 9.42x18
11 (C) 0 (40) 0 (70) 0 (0.50) 5.37x10  5.10x16
12 (C) 0 (40) 0 (70) 0 (0.50) 5.85x10  5.10x10
13 -0, (20) 0 (70) 0 (0.50) 4.03x0  4.19x16
14 o (60) 0 (70) 0 (0.50) 5.74x10  5.82x1§
15 0 (40) o (50) 0 (0.50) 1.82xf0  2.18x10
16 0 (40) a (90) 0 (0.50) 1.10xf0  1.08x18
17 0 (40) 0 (70) & (0.30)  4.47x10 4.33x18
18 0 (40) 0 (70) a (0.70) 531x1H  5.70x10
19 (C) 0 (40) 0 (70) 0 (0.50) 455xi0 5.10x16
20 (C) 0 (40) 0 (70) 0 (0.50) 4.79xi0  5.10x16

The response was based on the sum of the peakaradddeing detected, which
belongs to one of the most common parameters #rofitimization of the SPME
conditions [15, 16]. These values were statistycptbcessed in Statistica 12 program,
which allows creating of second-order models. Rdlig of the model, which
includes linear terms, quadratic terms, and intemacbetween linear terms was
expressed R-squared = 0.96443. The second-ordehgdomial equation, as you can
see on equation 1, was constructed for the respeasable (the total area of all
detected peaks, coded TA) related to the expermheanditions:



TA=1.079% 10 - 3.73% 10X - 2.330 fo*- 3.742 1R,
+3.521x 16 X2 - 4.388 1X,- 2.090 107+ 1.024 °IQ X, (1)

+5.012¢ 16X, X, + 1.13% 10X, X,

where X (extraction time, in min), X(extraction temperature, in °C),3Xsample
weight, in g) and are experimental conditions afejpendent variables, as you can see
in Table 1. The significant factor (p-value lesartt0.05 at confidence level 95 %) of
the equations was extraction temperature. Corogldietween values of experimental
data and predicted values is shown in Table 1tliermodel we have also generated
the optimum conditions: the extraction time 60 n@s the temperature of extraction
90 °C and the sample weight 0.7 g.

3.2 Analysis of real samples

Table 2shows the relative abundance expressed as a eclatea in percent of
compounds detected in the volatile fraction of sdimples. A 211 of volatile
compounds were identified in the six samples ofRlbsa genugRosa Mariyg Rosa
Rhodos Rosa SudokuRosa TaraRosaTacazziand Rosa Deep Purpje Table 2is
classified according to chemical composition (ateh hydrocarbons, carbonyls,
terpenes, esters and others). However, relatiatyel number of the peaks was not
identified, often due to the absence of appropriagss spectrum in libraries or
absence of retention indices calculated for givaaran.

Leffingwell [17] reports the list of compounds present in Rose Tie main
constituent of Rose oil is citronellol (38 %), CCA6 paraffins (16 %), geraniol (14
%), nerol (7 %), phenethyl alcohol (2.8 %) , eudamethyl ether (2.4 %), eugenol
(1.2 %), farnesol (1.2 % ), linalool (1.4 %), Rasade (0.46 %), carvone (0.41 %),
Rose furan (0.16 %);-damascenone (0.14 %) apfidonone (0.03 %). The relative
odor contribution (in rel. % of odor units) provildifferences in the content for the
minor constituents compared with the major componeéironellol. The minor
constituentsp-damascenone (70 %) antlionone (19.2 %) provide a significant
majority of the odor contribution against citrom¢i{4.3 %).

The characteristic floral rose fragrance is majanjuenced by a few compounds.
The main compound isis-rose oxide present in isomer form. Another comppbtirat
contributes to the scent of roses/figlamascenone known as rose ketones. Other
compounds that make minor contributions to the aramsludetrans-geraniol, nerol,
citronellol, farnesol, and linalool [18Fome substances were not detected in, extracts;
those wereis-rose oxidefrans-geraniol, citronellol, and farnesol.

Analysis of the volatile composition of rose petstt®wed that alcohols, carbonyls,
and hydrocarbons (mainly paraffin), were the megre@sented classed of compounds
in all chromatographic profiles of six samples ade petals, accounting for up 60 % of
the total volatile fraction.



Table 2 Chemical composition of the volatile componentsegrfracts of rose petals
Rosa genuscontents of individual compounds are expressedivasage relative
percent peak area of GC-FID after three replicates3), n.i. = not identified.

Rel. Area, %

Chemical species Mariyo Rhodos Sudoku Tara Tacazzi D. Purple
Alcohols 8.29 5.25 4.43  40.89 2.84 2.74
Alicyclic hydrocarbons n.i. 2.00 n.i. n.i. 0.17 n.i
Aliphatic hydrocarbons 13.58 14.1327.81 17.19 14.96 12.47
Aromatic hydrocarbons 0.01 0.04 0.17 0.02 0.03 0.22
Esters 2.42 2.32 1.57 3.62 0.82 1.25
Aldehydes 1.62 16.2 7.15 2.00 10.22 12.72
Ketones 2.22 3.51 6.64 3.45 9.32 5.90
Acids 0.33 1.46 2.50 1.80 3.25 4.12
Monoterpenes 0.03 0.38 n.i. 0.05 0.06 0.22
Sesquiterpenes 0.02 0.68 n.i. n.i. n.i. n.i.
Oxidated monoterpenes 0.14 0.17 0.38 0.10 n.i. 0.50
Oxidated diterpenes n.i. 0.12 1.07 0.17 0.11 0.08
Oxidated sesquiterpenes 0.28 n.i. n.i. n.i. 0.10 i n.
Phenolic derivates 0.64 n.i. 0.39 0.51 0.13 2.36
Apocarotenoids 0.80 1.39 0.93 1.01 0.47 3.42
Pyrazines 0.25 0.22 0.09 0.09 0.86 0.41
Furans 0.21 0.59 6.79 0.71 1.07 0.80
Lactones 0.11 0.08 0.14 0.39 0.43 0.26
Sulfides 0.02 n.i. 0.09 0.03 0.14 0.27
Others n.i. 0.45 0.01 458 2.30 0.12
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Alcoholic beverages

1. INTRODUCTION

Alcoholic beverages, including fruit spirits (FSre very popular worldwide.
Moreover, in Eastern and Central Europe, FS arardegl as a kind of tradition or
gastronomic heritage [19S, considered as excellent therapeutic agentsg, alerady

produced in alchemical workshops and pharmacies fise Middle Ages, and
during the sixteenth century also in distilleriégcording to European Community
Regulation EC 110/2008, ‘Fruit spirit is a spiritirk produced exclusively by the
alcoholic fermentation and distillation of fleshyit or must of such fruit, berries or
vegetables, with or without stones’[20].

Although the Czech Republic is well known espegidibr beer production,
manufacture of FS is also very popular, particylarlits eastern part — the Moravian
region. The most common and traditional fruit faricls production is undoubtedly
plums. The largest producers of plum spirit, agastn the Czech Republic, are
Poland, Slovakia, Hungary, Bulgaria, Serbia, anthRwia. However, not only plums
are used for alcoholic distillates in the Czech Utdip. Often, there are spirits made
from other kinds of fruits. Those can be separatdd three groups: stone fruits
(plums, cherries, sour cherries, apricots, peaahesbelles, etc.), pome fruits (pears,
apples) and small fruits (various kinds of berried)erefore, the aroma of the final
beverage may be very varied. The main constituehtpirits are ethanol and water.
However, minor compounds, i.e. aroma-active vaatidetermine the odour and taste
of a beverage. Such volatile compounds presenté@sh distillates include alcohols,
aldehydes, esters, acids and volatile phenols [Pi¢ quality of spirits is strongly
influenced by the natural aroma of the fruits (@gnflavour). The latter is determined
by many factors such as the geographical origentlethod of cultivation, storage and
time of harvest. Subsequently, fermentation (seapnflavour), distillation (tertiary
flavour) and the maturation of the spirits (quaseynflavour) influence the aroma [19,
22].

2. EXPERIMENTAL

2.1 Spirit samples

All examined home-made spirit samples (24) werelpced from fruits which were
grown in the Czech Republic. The samples, whichewastained from private local
producers who guaranteed their authenticity, weteaged in wooden barrels and are
listed in Table 3 with additional information. Asrt be seen, there were six apple
spirits, five plum spirits, four pear spirits, fomirabelles spirits, two apricot spirits,
two raspberry spirits and one cherry spirit. Alrges were analyzed in August 2015.

11



Table 3 List of fruit spirits samples

Sample number Fruit origin Year of production Labkesample
1 Plum 2014 3 - Plum 2014
2 Plum 2012 14 - Plum 2012
3 Plum 2013 15 - Plum 2013
4 Plum 2014 25 - Plum 2014
5 Plum 2013 26 - Plum 2013
6 Mirabelle 2014 6 - Mirabelle 2014
7 Mirabelle 2012 12 - Mirabelle 2012
8 Mirabelle 2013 17 - Mirabelle 2013
9 Mirabelle 2014 30 - Mirabelle 2014
10 Cherry 2007 19 - Cherry 2007
11 Apricot 2013 16 - Apricot 2013
12 Apricot 2011 20 - Apricot 2011
13 Apple 2014 4 - Apple 2014
14 Apple 2014 5 - Apple 2014
15 Apple 2014 8 - Apple 2014
16 Apple 2014 9 - Apple 2014
17 Apple 2015 37 - Apple 2015
18 Apple 2015 38 - Apple 2015
19 Pear 2014 7 - Pear 2014
20 Pear 2009 10 - Pear 2009
21 Pear 2012 11 - Pear 2012
22 Pear 2014 18 - Pear 2014
23 Raspberry 2014 2 - Raspberry 2014
24 Raspberry 2014 31 - Raspberry 2014

12



2.2 Chemicals and materials

n-Hexane, andn-alkane mixture standard solutions C8-C20, and C20-in
concentrations of 40 mg Ldissolved inn-hexane and toluene, respectively, were
purchased from Sigma-Aldrich (Prague, Czech Repullistilled water was purified
using a Milli-Q® Water Purification System (Millipe SAS, Molsheim, France).
Sodium chloride (analytical grade) was purchasedft.ach-Ner, s.r.o. (Neratovice,
Czech Republic). SPME fibers, 10én PDMS (polydimethylsiloxane) and 50/3@n
StableFlex DVB/CAR/PDMS (divinylbenzene/carboxenpblydimethylsiloxane),
were purchased from Sigma-Aldrich (Prague, CzeghuBkc).

2.3 HS-SPME (optimized method)

Before each extraction, the samples were dilutedater in a ratio of 1:4 owing to
modification of ion power and then properly mixe8ubsequently, 10 mL was
transferred into 20mL headspace vials and sodiutoride was added to a final
concentration 28.5% (w/v). The vials were then etbby a cap with a Teflon septum.
The treated samples were pre-incubated at 45 °@@omin to obtain steady-state
extraction conditions. The extraction was performasthg a 10Qum PDMS fiber at 45
°C for 60 min. After that, volatile compounds weretomatically desorbed from the
fiber in the GC injector port, set up at 250 °C.

2.4 Chromatographic analysis

A gas chromatograph, model GC-2010 Plus, coupletth \mass spectrometry
detector TQ-8030, was used for the analysis. Ampéar AOC-5000 Plus (Shimadzu,
Kyoto, Japan) equipped with an agitator/heater wag used for automated HS-SPME
procedure and thermal desorption of extracts inirffextor. Capillary column SLB-5
ms with a length of 30 m, a 0.25 mm inner diameted a 0.25um film thickness
(Supelco, Bellefonte, PA, USA) was used for sepamatHelium 5.0 (Linde Gas a.s.,
Prague, Czech Republic) was used as a carriertgaga@nstant linear velocity of 30
cm s'. The injector was maintained at 200 °C and degoriime was 15 s. Injections
were done in split mode at a split ratio 1:20. Thkumn temperature programme was
set up as follows: the initial conditions were 4D for 3min, and then increased by a
rate of 2 °C/min up to 250 °C for 12 min. ‘Solvenit’ time was set up at 5.5 min and
therefore all compounds with retention index (RP38 could not be observed. The
mass spectrometer was operated in the electromaibom mode (70 eV) and in the
full-scan mode over a mass range of m/z 33-500.ifteeface temperature and the
ion source temperature were maintained at 200 8Cavbid carry-over of analytes in
subsequent extracts the fiber was desorbed prisultgequent analysis in the heater
unit for 10 min at 250 °C. The mixtures ofalkanes (C8-C20, C21-C40) were
injected using the above-mentioned temperaturergnogne in order to calculate the
RI for each peak. ldentification of the components done by comparison of mass
spectral fragmentation patterns stored in MS dabmaries NIST 11 (NIST,
Gaithersburg, MD, USA) and FFNSC 2 (Shimadzu, Kydpan), and verified by
comparison of Rl of assigned compounds to publigfetd [23—25]and/or RI from
MS data library FFNSC 2.

2.5 Experimental optimization of HS-SPME
Apple spirit (sample no. 9) was used for the optation of HS-SPME conditions.
Extraction variables for this experiment were: #meount of diluted sample in 20 mL

13



headspace vial (Xwith coded levels §; the amount of added sodium chloride, (X
with coded levels ¥; extraction temperature gXvith coded levels §; and extraction
time (X, with coded levels 3.

Table 4 summarizes the whole central composite design stmgi of 30
experimental points, which was done to estimatedfiects of each factor on the
extraction efficiency. A method of response surfaeeling was used for evaluation
of obtained data.

Table 4 Central composite design-coded independent vasalfk, X, X3, Xi),
corresponding experimental conditions;,(X,, X3, X,) and results represented by
number of peaks in chromatogram for 100 PDMS fibre

Sample NaCl Temperature Number of peaks
Run volume [% WIV] [‘E)C] Time [min]
X[ln(1)lz]1) X (X2) X (X3) X4 (X4) Predicted Observed
1 -1(2) -1 (0) -1 (35) 1 (60) 76 74
2 -1(2) -1 (0) 1 (60) -1 (10) 69 68
3 -1(2) 1 (30) -1 (35) -1 (10) 61 61
4 -1(2) 1 (30) 1 (60) 1 (60) 70 61
5 1 (10) -1 (0) -1 (35) -1 (10) 64 69
6 1 (10) -1 (0) 1 (60) 1 (60) 109 105
7 1 (10) 1 (30) -1 (35) 1 (60) 118 115
8 1(10) 1 (30) 1 (60) -1 (10) 98 97
9 (C) 0 (6) 0 (15) 0 (47,5) 0 (35) 107 106
10 (C) 0 (6) 0 (15) 0 (47,5) 0 (35) 107 103
11 -1(2) -1 (0) -1 (35) -1 (10) 48 47
12 -1(2) -1 (0) 1 (60) 1 (60) 85 92
13 -1(2) 1 (30) -1 (35) 1 (60) 86 92
14 -1(2) 1 (30) 1 (60) -1 (10) 56 60
15 1(10) -1(0) -1 (35) 1 (60) 91 91
16 1(10) -1(0) 1 (60) -1 (10) 93 91
17 1(10) 1(30) -1 (35) -1 (10) 95 92
18 1(10) 1(30) 1 (60) 1 (60) 110 115
19 (C) 0 (6) 0 (15) 0 (47,5) 0 (35) 107 106
20 (C) 0 (6) 0 (15) 0 (47,5) 0 (35) 107 109
21 -1(2) 0 (15) 0 (47,5) 0 (35) 84 80
22 1(10) 0(5) 0 (47,5) 0 (35) 112 115
23 0 (6) -1 (0) 0 (47,5) 0 (35) 99 97
24 0 (6) 1 (30) 0 (47,5) 0 (35) 106 108
25 0 (6) 0 (15) -1 (35) 0 (35) 97 95
26 0 (6) 0 (15) 1 (60) 0 (35) 103 105
27 0 (6) 0 (15) 0 (47,5) -1 (10) 95 94
28 0 (6) 0 (15) 0 (47,5) 1 (60) 115 115
29 (C) 0 (6) 0 (15) 0 (47,5) 0 (35) 107 109
30 (C) 0 (6) 0 (15) 0 (47,5) 0 (35) 107 113
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2.6 Principal component analysis

The principal component analysis was made for tit@rometric interpretation of
data using the software Statistica 12 (StatSoft ERgue, Czech Republic). PCA
reduces the dimensionality of a data set by forntingar combinations of original
variables called principal components (PCs). Clasdgion of objects using PCA was
done by the construction of two-dimensional pleising PCs chosen by the authors.
In this case, the discrimination between sampladifedrent origin was done, based on
groups of volatile components.

3. RESULTS AND DISCUSSION

3.1 Extraction process

Firstly, the HS-SPME method was optimized. The ropation was composed of
SPME fiber selection and then evaluation of sugabitraction conditions.

In this study, two different fibers were compafed evaluation of their suitability
and efficiency for the extraction of fruit spiribhatiles. Those were 100m PDMS
and 50/30um StableFlex DVB/CAR/PDMS. The fibers were choseooading to the
producer's recommendations (20). The comparison peformed in preliminary
studies at various extraction conditions Tabl@dal ion chromatogram area (TIC)
and a number of peaks (NoP) in chromatograms wsee or determination of the
suitability of individual fibers.

As can be deduced from Table 5, analysis usingub@®DMS fiber gave a higher
total signal and a simultaneous higher number a@kpen chromatograms than the
second tested fiber (DVB/ CAR/PDMS). Therefore, PBfiber was chosen for the
extraction of the volatile compounds from the reamples mentioned in Table 3.
Suitable conditions for extraction of volatiles BIDMS fiber were determined by the
method of response surface modeling. The desigxpériments was formed from 30
experiments for PDMS fibre with the following exarad parameters: sample volume
in 20 mL headspace vial, 2-10 mL; amount of adde€IN0-30% w/v; extraction
temperature, 35-60 °C; and extraction time, 10—-60. Bre-incubation time was
maintained constantly at the temperature of theraetton for 20 min.
Chromatographic analysis of SPME extracts was pmegd as is stated above.
Evaluation of the whole experiment was done acogrdio NoP in individual
chromatograms using statistical software Statisti®a This software allows the
creation of different polynomial models which retera linear modeling and second-
order modeling. Second-order modeling provides risodéich have the advantage of
better predictions of response. Thus, the secoddred polynomial equation (2) was
constructed for the response variable (NoP) relttdlde experimental conditions.
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Table 5Results of HS-SPME/GC-MS analysis with use of difterent SPME fibers
and different extraction parameters, expressedods (Number of peaks) and total ion
chromatogram area (TIC) area

Extraction parameters 50/30 pm
(final volume of sgmple, conc. of 100 pm PDMS DVB/CAR/PHDMS
NaCl in the samplc_a, extraction NOP/TIC area NOP/TIC area
temp. and time)

2ml, 0% w/V, 60 °C, 60 min 60/ 0,9E+07 23 [ Ot

2 ml, 30 % w/V, 60 °C, 10 min 74/ 1,1E+07 28 /B+D7

6 ml, 15 % w/V, 48 °C, 35 min 109/ 3,6E+07 652H8+07
10 ml, 0 % w/V, 60 °C, 60 min 105/ 4,9E+07 969R2+07
10 ml, 30 % w/V, 60 °C, 10 min 109/ 3,6E+07 65/ 1,2E+07

PP=-102.705 7.84% - 0608+ 21%- 00+ 5249 0046 002

-0.004X2 + 0.07%, X,+ 0.04% X,— 0.004 X- 0.03¢X- 0.002%- 0.089 @
where X, X,, X3 and X, are independent variables (Table 4) The squareafthe
determination coefficient of the model jRwith linear terms, quadratic terms, and
two-factorial interaction between linear terms weér8674. This means that <4% of
variations could not be described by the modek hecessary to include all terms to
the model because thé Bf the model without two-factorial interaction een linear
terms decreases to 0.8589, and tHeoRthe model considering only linear terms
decreases to 0.5419. The significant factors (peval0.05 at confidence level 95 %)
of the equation are XXy ,, Xy, X3, X32, X4, X1X5, X5X3, X3X4. The values predicted
by the model correlate well with the experimentalues (shown in Table 4). Critical
values of independent variables were in the maxinafirthe respond surface of the
model. The values were as follows: sample volun¥,m8L; amount of added NaCl,
28.5% wlv; extraction temperature, 42.2 °C; andagtion time, 81.9 min. Under
these conditions, the value of NoP is 124. Howeter critical value of the extraction
time is located outside of the examined area. Takito account this fact, a shorter
extraction time (60 min; it was the highest tesekl of extraction time within the
optimization process) was chosen, and values arotidependent variables were set
using equation (1) to reach the value of NoP a& kg possible. In such a way the
adjusted values of extraction parameters were 10ofrdample with the addition of
28.5% of NaCl (w/V), extraction temperature was°@sand extraction time was 60
min, resulting in the value of NoP 122. The differe between NoP values calculated
from the critical values of the model and adjustallies was 2, which is an acceptable
change.
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3.2 Analysis of real samples and comparison of volatilprofiles

In total, 271 of the volatile compounds were assiat least in one of the samples.
All of the discussed results were applied to thengical composition of volatile
profiles obtained by extraction using 10 PDMS fiber and evaluated by percentage
of TIC area. Groups of assigned volatiles (see & &)l were input parameters for
PCA. The PCA score plot of the FS is depicted iguFeé 1. The first PC (factor 1)
explained 32.8 % of the data variation and maihlgvged separation between pome
FS and other analyzed spirits. Factor 2 descril®etl % of the data variation. In total,
the first four factors explained 76.4 % of the dasaiation. Factor 1 showed high
correlation with oxidated sesquiterpenes (-0.84&gquiterpenes (-0.821), oxidated
monoterpenes (0.781) and lactones (0.723). Factrizlated with acetals (0.825)
and apocarotenoids (0.784). Factors 3 and 4 ctecehaith esters (-0.739) and the
group of phenols and phenolic ethers (0.595), &smdy.

)
% 28pPL 7%
}AJ/LST /plum
2 1£PL

-~
-

mirabelle
1 pcmefulspr'[s___ 4 3-ML__ cherry

Factor 2: 20,09%

Factor 1: 32,79%

Figure 1 Principal components analysis score plot of theestigated fruit spirits.
APL, Apple spirits; PE, pear spirits; PL, plum gsir MI, mirabelle spirits; CH, cherry
spirit; RA, raspberry spirits; APR, apricot spirits

17



As is obvious in Table 6, the esters, mainly e#tsters such as ethyl caprate, Rl =
1395 or ethyl laurate, RI = 1594, generated theontgjof the aroma profiles of all
analyzed samples. A high proportion of these twmpaunds in volatile profiles of
analyzed plum spirits is in agreement with the aede of Tesevic [26who analyzed
volatiles in old plum brandy samples of Serbiangiori Ethyl esters, as typical
representatives of FS aroma, have been publishedamy reports dealing with the
aroma profiles of FS [26-29].

The second most abundant group in volatile profiieanalysed samples is organic
acids (particularly capric acid, RI= 1373; and lauacid, Rl = 1568), which are a
natural component of fruit and are formed by thevaes of bacterium and yeasts
during the fermentation process. A substantial arhofi high-molecular-weight acid
remains in distillation residue, and only a smailttipn passes into the distillate. In the
presence of ethanol, they are converted into estetemparison of individual volatile
profiles in term of assigned compounds shows séir@mesting results.

The content of higher alcohols in the aroma waslairm all analyzed spirits made
from the same kind of fruit. These compounds ctutstia substantial part of the fusel,
which is one of the characteristic properties stitlfates. That is the reason why fusel
iIs not completely removed from the spirits duringtilation, but its content is
effectively controlled by the setting of the distilon process.

Sesquiterpenes were found in high quantities ingxfmnt spirits, compared with
other analyzed samples. Some 3.7-16.6% of applésspolatile profile and 2.6-6.4%
of pear spirits volatile profile corresponded tagaterpenes. (E, E-Farnesene had
the highest response of all assigned sesquiterp@mgsl5.2% in pome-fruit spirits
and 0.01-0.7% in other analyzed samples. From ringpgof oxidated sesquiterpenes,
the most common assigned compounds were (E)-nelol{f)-2,3-dihydrofarnesol
and (2E,6E)-farnesol.

Apocarotenoids, which are formed from carotenoigsokidative cleavage during
ripening or food processing [30, 3Hppeared mainly in spirits produced from fruit
with a significant scent, such as raspberry orcapispirits. To name a few, vitispirane
was assigned in 19 of 24 samples. All of the assigrompounds of this group were
C13 apocarotenoids with the exceptiorgafyclocitral (C10 apocarotenoid).

Most carbonyl compounds assigned in the analysexles were higher aldehydes
such as benzaldehyde, pelargonaldehyde or (7ZA€4gdecadienal, to name a few.
Aldehydes are passed to spirits from the fruit tjpalarly from overripe fruit), and
moreover, they are formed during the fermentatioocgss. Benzaldehyde, as a
common natural constituent of stone FS, becausé&soformation by enzymatic
hydrolysis of amygdalin contained in the kernel8][3vas observed also in pome FS.

More precisely, it was found in apple spirits (6-05.6%) and also in raspberry
spirits (0.05-0.17%). From the above, it is obvithat apple seeds in comparison to
the kernels of pears most likely contain signifibarmigher amounts of amygdalin.
Ethyl benzoate was observed in all samples. Thidddoe given by the fact that aging
of distillates on-air leads to oxidation of benzdiglde to benzoic acid, which is
subsequently esterified by present alcohols, mosthanol. Pelargonaldehyde was
assigned in the majority of samples (except samplel0, 12, 19, 24), particularly in
plum and mirabelle spirits. (7Z,10Z)-Hexadecadiemas found in the volatile profile
of mirabelle spirits at quite high levels (0.80-28). In contrast, in the other analysed
samples in which it was assigned [one plum (noard) three apples (no. 4, 8, 9)
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spirits], it did not generate a relative respongidr than 0.14%, and in one sample of
raspberry it was found to have a relative respon€e46%.

Acetals, which are characteristic by their veryagknt fragrance, were also
assigned in almost all samples [except one sanip@me spirit (no. 8)]. The richest
volatile profiles regarding the acetals contentevplum spirits (see Table 6), which
contained higher levels of nonanal diethyl acétahtthe other analysed samples.

Numerous lactones are found in food. Some of tipeesentatives belong among
the typical aroma substances of various fruitsc&ithe aroma of lactones is very
pleasant, these substances are also of interesbfomercial aromatization of food.
Among lactones with very low odour threshold sa@ecalactone ang-dodecalactone
[33]. In around half of the samplgsdodecalactone was assigned (with the exception
of samples 30 and 38, and all pear and raspbelinisgpy-Dodecalactone is a
common compound identified in various kinds of frapirits [plum brandy [26],
Calvados [34], mirabelle brandy [34, 38} apricot distillate [36]The highest total
response of lactones was observed in the volatd@lgs of apricot spirits (see Table
6). Unfortunately, nod-lactone was assigned, although these are discuased
contributors to the aroma of apricots [33, 37, 38].
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Table 6 Proportion of groups of volatile compounds in #mema profile of the fruit spirit samples (relatpercentage of TIC area)

¥ Relative percentage of TIC area

(7)) (2]

4) 2] 4 @ m O % b

2 O S ) o c Q T ©

= © o 0 = c [} = c >

g 3 0 3 2 8 S L 2 2 33 S 88 5%

Spirits T 2 G o 5 o 2 o o S g =) s 2 S ©°

from 2 < o 2% g Ll 3 2 < o 2 3 5=

£ g = S 3 5 05 7 5g &9

D L) o S < g O o o

T < < 7 <

o
Plum 39-42 07-129 13-37 06-1,7 2 618-80 01-07 ni.-01 01-03010,08 0,1-25 01-24
Apple ni.-1,1 95-203 16-34 02-04 ©o®6 540-670 n.i.-01 ni.-01 ni-0137-166 3,1-12,1 0,1-0,5
Pear 03-04 28-133 16-47 01-04 <60¥ 651-791 n.i. ni.-1,7 ni.-01 264 18-59 04-1,6
Mirabelle 03-30 0,7-13,7 24-46 18-2901-04 598-66,2 ni-10 ni-40 0261 ni.-02 03-16 0,3-1,6
Raspberry 0,2-0,3 n.i.-7,2 16-36 04-08,6-1,8 64,1-81,7 n.i. ni.-23 03-04 .n05 04-23 01-21

Apricot 02-05 4,2-56 1,3-1,7 0,4 0,7-1378,1-82,1 1,7-2,0 0,1 1,7-20 01-05 -®M> 02-04
Cherry 0,2 11,1 0,4 11 n.i. 78,1 0,1 n.i. 0,2 0,1 0,5 0,5

20



3.3 Differences between spirits according to fruit orign

Based on cluster analysis of each group affectamgofs 1 and 2 of PCA, non-
uniform compounds in dendrograms were assignedtlagid statistical significance
was confirmed by ANOVA. This approach permits sowleracteristic marker
compounds for various groups of spirits to be ragalhe main difference between
the volatile profiles of spirits produced from porfraits and other spirits was the
relative content of sesquiterpenes, particularlyEjz-farnesene. This compound
created 2.5-15.2 % of the total response in chrognains of pome FS samples, while
in chromatograms of stone FS samples its represamtavas only up to 0.74 %.
Furthermore, in the sample of raspberry spirit {@g@mo. 2), (E,Ep-farnesene was
assigned merely in a trace amount. Moreover, onlypome FS samples wetre
zingiberene (0.08-1.16% of TIC area) and ¢ejisabolene (0.03-0.18% of TIC area)
assigned. The difference between tested pome-$piiits (pear spirits and apple
spirits) was composed of benzaldehygejodecalactone [both also identified in
calvados by Ledauphin et al. [34, 3&)hd (E)B-farnesene (all assigned in volatile
profiles of tested apple spirits), and isovalerhigke diethyl acetal (observed in pear
spirits). Cis- and trans-isomers of linalool furaid® were together observed in all
pear spirits samples; only in one sample of appilet svas there found cis isomer with
a very low response.

In contrast, only in stone FS were propyl decanq@t®2—-0.70 %) and ethyl
salicylate (0.01 0.19%) assigned [both compoundsewadso identified in plum
brandies by Tesevic et al. [26Ftone-fruit spirits and raspberry spirits were
characterized by the presence of monoterpeadgtpineol in volatile profile, which
was assigned in the entire set of analysed saregtapt for pome-fruit spirits. Propyl
decanoate and ethyl salicylate were observed onlplatile profiles of all stone-fruit
spirits, with a higher relative response of propgcanoate in volatile profiles of
apricot spirits (0.37-0.70 %) than in others (0@30 %). (E)-Anhydrolinalool oxide,
(E)-ocimenol, nerol and (Zj-ocimene were found only in apricot spirits, bueéda
compounds were observed with a relatively low respo More than these
monoterpenoids;-decalactone was typical of the volatile profileagricot spirits [as
well as was published in work of Genovese et &].[3

From the group of alcohols, (2)-9-tetradecen-1-abwbserved only in the volatile
profile of mirabelle spirits. Some of the assigapdcarotenoids were characteristic of
raspberry spirits; concretely dihydfetonone, (E)a-ionone and 3,4-dehydroionene
were observed only in volatile profiles of rasplgespirits.
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Tonka beans

1. INTRODUCTION

Dipteryx odorata(Aubl.) Willd. (Fabaceae) is a large tree nativethe tropical
rainforests of Central and Northern South Ameriba.total, the genus Dipteryx
involves 14 species. Ten of them are typical toAhgazon region; the other two are
found in the Northeast and Central Brazil and #st two might be found in Central
America [39]. D. odorata, which is also commonlytm as the “tonka bean tree”, is
the most studied species of the genus. It prodgeesis commonly called “tonka
beans”, which have been already examined for tieod of coumarin [40—-42]. This
compound is liberated from the glycoside melilades{an ether of glucose bonded
with an ester bond to coumarin) [43] by fermentatcuring the drying of the seeds
which have been soaked in alcohol for 24 h. Itdeainis variable and usually moves
in the range of 1-3% in fermented tonka beans [40].

As reported by Givel [44], “humerous studies, beguy in 1855, have indicated
that coumarin has toxic effects on the nervousesysheart, blood vessels, and liver
of animals as well as inducing cancerous tumoudstaric conditions in humans. In
1954, the US Food and Drug Administration (FDA) thegh coumarin in food, but not
tobacco products in the USA based on the resulisiohal research. Also, since 1954,
many European countries have either banned orlgmestricted coumarin because of
its toxic properties”. In 2004, the European Foade8/ Authority (EFSA) established
present Tolerable Daily Intake (TDI) of 0-0.1 mguowarin/kg body weight [45],
which was confirmed by EFSA in 2008 [46] on thedoabtoxicity and clinical studies
that have become available since 2004. Due to dnews scents, which are vanilla,
cinnamon, saffron, almond or cloves, the extra¢ttonka beans have a widespread
use, particularly as additives in flavouring snuéigarettes, cigars, and also in
perfumes or liquors [47].

2. EXPERIMENTAL

2.1 Chemicals and materials

Tonka beans (origin South America) were purchased local shop in Mallorca
(Balearic Islands, Spain). Prior to the analyssars were grated and sieved (Mesh
size 16 (Standard Mesh, US))-Alkane mixture standard solution (C8-C40) was
purchased from Restek (Bellefonte, PA, USA) in @rmations of 50Qug mL-1
dissolved in carbon disulfide/dichloromethane (3/1y). Carbon dioxide (purity 4.5
and 2.8), and nitrogen (purity 4.0) were purchdseah Linde Gas a.s. (Prague, Czech
Republic). n-Hexane andn-heptane were purchased from Sigma-Aldrich (Prague,
Czech Republic). Fragrance Material Test Mix (ethytyrate, limonene, eucalyptol,

geraniol, benzoic acid, (E)-cinnamaldehyde, hydotixgnellal, thymol, cinnamyl
alcohol, cinnamyl acetate, vanillin, benzyl salatg) was purchased from Restek
(Bellefonte, PA, USA). Menthobl-terpineol, carvone, p-anisaldehyde were purchased
from Sigma-Aldrich (Prague, Czech Republic). SPMiBerfs 100 um PDMS
(polydimethylsiloxane), 85 um Carboxen/PDMS and 50/3Qum StableFlex
DVB/CAR/PDMS (divinylbenzene/ carboxene/polydimdtilpxane) were purchased
from Sigma-Aldrich (Prague, Czech Republic).
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2.2 Head-space solid phase microextraction procedure

HS-SPME at constant temperature 100 mg of the sampé placed into a 20 mL
headspace vial and closed by a cap with a Teflptusg and conditioned at an initial
extraction temperature for 20 min. HS-SPME was iedrout according to the
following conditions: 85um Carboxen/PDMS fiber, extraction temperature 62t
extraction time 39 min. After that, volatile compmis were desorbed from the fiber in
the GC injector port, set up at 200 °C.

2.3 Optimisation of HS-SPME at a constant temperature

The selection of a suitable fiber coating is oneth@ most crucial steps in the
developing of an SPME method. In the present wibiee different SPME fibers (100
um PDMS; 50/30um DVB/CAR/PDMS and 85um Carboxen/PDMS) were simply
tested for the suitability of isolation of volatiBompounds from tonka beans. The
selection procedure was carried out based on ao$yneaks detected after incubation
and extraction steps (20+30 min) at three diffetemperatures (40, 60, 80 °C). The
optimization procedure was contented from 12 expents for the chosen fiber (85
um Carboxen/PDMS). The extraction factors observetkvextraction temperature in
the range from 35 to 95 °C and extraction time thaiged from 10 to 60 min. The
incubation time was 20 min for each analysis, wthie temperature of the incubation
was kept at the same level as the extraction. Vhtuation of the whole experiment
was done according to the number of peaks (NoRjdividual chromatograms using
the method of response surface modeling in STATC3 data analysis software,
version 12 (StatSoft, Inc., www.statsoft.com). (Cal values of independent variables
were in the maximum of the response surface of iioglel, and the optimum
extraction conditions were found to be 62 °C fom38.

2.4 HS-SPME at decreasing temperature

100 mg of the sample was placed into a 20 mL headspial and closed by a cap
with a Teflon septum, and conditioned at an inigglraction temperature for 20 min.
Extraction of volatile compounds was carried-outcaading to the following
conditions: 85um Carboxen/PDMS fiber, at temperatures decreagpogtaneously
from 100 °C to 30 °C. After that, volatile composndere desorbed from the fiber in
the GC injector port set at 200 °C.

2.5 Supercritical fluid extraction

Supercritical fluid extractions were performed onZE-1 instrument from SEKO-
K (Brno, Czech Republic). All extractions were enmed with supercritical CO2 in
dynamic mode. The stainless steel extraction ve@®8l mL) was packed with a
mixture of 100 mg of sample and glass sand. Aasilidbe restrictor (15 cm, i.d. 50
mm) was used to collect the extracted analytes.ré&sieictor outlet was immersed into
a liquid n-hexane trap. Components of the samples \egtracted using the dynamic
extraction mode by 5.2 L of carbon dioxide at 31avidthd 103 °C. The obtained
extract was transferred into a 2 mL volumetric Klasid filled up to the mark with n-
hexane. The sample was extracted in triplicate.

2.6 Simultaneous distillation-extraction
SDE was performed using apparatus of Clevenger (i¢pealierglass a.s., Prague,
Czech Republic). 10 g of grated and sieved tonkabevere distilled with 500 mL of
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water for 5 h. Volatile compounds were extractethgisl mL of n-hexane in a
separator. The SDE of the sample was performee timess.

2.7 GC instrumentation

For the analyses, a gas chromatograph, model GG-Zdis coupled to mass
spectrometry detector TQ-8030 and auto-sampler A0 Plus (all from Shimadzu,
Kyoto, Japan) was used. A capillary column SLB-5 (88mx0.25 mm; 0.2um)
from Supelco (Bellefonte, PA, USA) was employed $eparation. As a carrier gas,
helium 5.0 (Linde Gas a.s., Prague, Czech Republag used at a constant linear
velocity of 30 cm/s (column flow rate was 0.69 midmat initial conditions of
separation). The temperature of the injector wadntamaed at 200 °C. The
temperature gradient was programmed as followsinikial temperature at 40 °C was
held for 3 min and then increased by a rate of 2nii€ up to 250 °C (10 min). The
mass spectrometer was operated in the electromation (EI) mode (70 eV) and in
the full scan mode over a mass range of m/z 33-H®@ interface temperature and the
ion source temperature were maintained at 200 1@ rfixture of n-alkanes was
injected using the above-mentioned temperaturergnogn order to calculate the
retention index (RI) for each peak. Identificatiohthe components was done by the
comparison of the mass spectra of standards (ifadle, see Section 2.1) or mass
spectral fragmentation patterns stored in MS didmaries NIST 11 (Gaithersburg,
MD, USA) and FFNSC 2 (Shimadzu, Kyoto, Japan), eadfied by the comparison
of the RI of identified compounds to published d@4, 25] and/or Rl from MS data
library FEFNSC 2. A GC/FID analysis for the semiqtitaive evaluation of the content
of individual constituents was performed using tBéimadzu GC 2010 gas
chromatograph with a flame ionization detector (FIDhe detector temperature was
set on 220 °C. Conditions of measurements, inctudie column type and column
temperature, the injector temperature, split raterrier gas and the linear velocity,
were set the same as those of GC/MS analysis.

3. RESULTS AND DISCUSSION

3.1 HS-SPME at a constant temperature

The type of fiber coating was the first parameteibé evaluated. Three types of
fiber coating were tested with the same amount ashge (100 mg) at various
conditions (see Table 7). From the tested fibel® tnost appropriate fiber
(Carboxen/PDMS) was chosen according to the highastber of detected peaks in
chromatograms. The extraction efficiency of theeéhrtested fibers was in the
following order: 85um Carboxen/PDMS > 50/30m DVB/CAR/PDMS > 100um
PDMS. After selecting the type of fiber coating,ethnfluence of extraction
temperature and time was evaluated through cecwaiposite design using the
method of response surface modeling, and critigahipeters (optimal extraction
conditions) were determined.
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Table 7 Results of HS-SPME/GC-MS analysis with use of éhd#fferent SPME
fibers and different extraction temperature, exgedsas NoP (number of peaks)

i NoP
Extraction temp.
[°C] 100 pm 50/30 um 85um
PDMS DVB/CAR/PDMS Carboxen/PDMS
40 52 106 93
60 47 96 144
80 33 96 127

3.2 SFE optimisation

Carbon dioxide was used as an extraction solvertra&lion pressure and
temperature, and volume of the extraction solveatewoptimised. Optimisation of
extraction conditions was performed by central cosie design consists from 17
runs which covered the following ranges of ext@ctparameters: pressure 20-40
MPa, temperature 40-120 °C and volume of,@M-6.0 L. Extracts from each run
were analysed by GC/MS . Evaluation of the respofisen the chromatograms was
done according to the total peak area (TPA) by niethod of response surface
modeling in software STATISTICA, version 12. Crélcvalues (optimum extraction
conditions) of individual parameters were as fobowxtraction temperature 103 °C,
extraction pressure 31 MPa, and volume o66Q L.

3.3 Mechanisms of extraction methods

The cell wall could be broken using different madbal methods. Before starting
all extractions, tonka beans were grated and siewetl so a certain level of cell
disruption by the preparation of the sample wasexell. Each extraction method
used has its own substance release mechanismepbetare based on disruption of
cell walls. In HS-SPME, substances are releasenh fitte sample by the effect of
higher temperature. In SDE substances are reldes@dthe sample by the effect of
boiling water. Both processes are known as hydiasldn. In HS-SPME, volatile
compounds are dissolved in water (presented indglaat a higher temperature and
this solution permeates through cell membraneféostrface of plant material. The
concentration of substances in the headspace iengby vapour pressures of
individual substances.

In SDE volatile compounds are, after passing thinaihg cell membrane, vaporized
by boiling water/steam and are carried by steamtim¢ condenser. Supercritical fluid
possesses gas-like properties of diffusion, visgosind surface tension, and liquid-
like density and solvation power [48]. It is stgtatlat the favourable transport
properties of fluids near their critical pointsaall deeper penetration into solid plant
matrix and more efficient and faster extractionnthaith conventional organic
solvents[49].

3.4 Volatile constituents of tonka beans

In total, 191 compounds were assigned in chromatogrof extracts obtained by all
the used extraction techniques (36 carbonyl comg®uB7 esters, 27 terpenes and
terpenoids, 26 aliphatic hydrocarbons, 23 alcoh@lsacids, 10 lactones, 7 aromatic
hydrocarbons and 14 other compounds). Only five pmmmds were identified in all
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chromatograms (coumarin, 3,4-dihydrocoumarin, lieye# pelargonaldehyde, and
capraldehyde).

156 compounds were identified in HS-SPME extrat@®3(compounds in extracts
obtained at a fixed temperature, and 89 compoum@xiracts obtained by extraction
during decreasing temperature). 77 compounds wlergified in SDE extracts, and 36
in SFE extracts. 91 of all assigned compounds w&teacted by only one from four
used extraction methods.

The categorization of assigned compounds in varedesacts is in Figure 2. The
majority of bioactive compounds belong to one oiuanber of families, each of which
has particular structural characteristics arisiagnf the way in which they are built up
in nature (biosynthesis). There are four major waifs for the synthesis of secondary
metabolites or bioactive compounds: shikimic acadhgvay, malonic acid pathway,
mevalonic acid pathway and non-mevalonate pathwtyenolic compounds are
synthesized through shikimic acid pathway and malacid pathway. Terpenes are
produced through mevalonic acid pathway and nonatoeate pathway [48].
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Figure 2 Groups of identified volatile compounds in extsaobtained using (A) HS-
SPME at 62 °C, (B) HS-SPME at decreasing tempexajC) SDE (D) SFE.
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The main differences among used extraction metlaoelsn profiles of individual
groups of compounds. SDE and SFE were more efee¢tighniques (in term of the
number of identified compounds) for compounds afhbkr retention indices (RI). It
can be seen in Figure 3, which shows the compan$adne chemical composition of
tonka beans extracts using bubbles whose sizesspamd with the representation of
the individual compounds. For example in the cdsdemtified acids, all of them have
RI > 1500 when extracted by SDE or SFE. On theratla@d, all identified acids in
HS-SPME extracts (except one) have Rl < 1500. Camg® of Rl < 700 were not
observed in chromatograms of SDE and SFE extragés td solvent cut during
chromatographic analysis. We can observe the diffes between both SPME
methods in profiles of esters, when all estersgassi by HS-SPME at 62 °C have RI
< 1300, and esters assigned by HS-SPME at decgetesimperatures have Rl > 1700
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(except traces of benzyl formate and diethyl plattedl From the total numbers of
assigned compounds, it can be deducted, that HSESKR&4 more effective than other
used extraction techniques. Moreover, 100 fromttha number of 188 compounds
were assigned only by using HS-SPME methods. Arlg 86 compounds were not
confirmed in HS-SPME extracts. It seems that HS-ERNethods are good tools for
the qualitative characterization of the volatilefle of tonka beans. If we consider the
number of assigned compounds, the most represgnbvegp was carbonyl compounds
(22 aldehydes and 14 ketones). Moreover, one maank (carvone) was included in
terpenoids.

®* SFE

- meem -a Y o
o~ - o fBa @ — o . wwse ool @0 00 @ D0 0 5 o+ o e SDE
- _ H5-SPME decreasing
[} e e D L LT I P PR tEITI]}.
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it
_—
500 1000 1500 2000 2500 2000 3500

Retention index

Figure 3 Comparison of chromatograms of extracts obtairgdguvarious extraction
methods.

Nevertheless, the main compound of all extracts emsnarin, belonging to the
group of lactones. Coumarin is liberated from thegside melilotoside (an ether of
glucose bonded with an ester bond to coumarin)rigyng coumarin-containing herb
material [43].Its peak area ranged from 51% to 85% of total pmaka according to
the used extraction method. Therefore, lactone® wee most represented group of
volatile compounds. In the work of Woérner et alO]j5authors identified 138
compounds in extracts from dry tonka beans. Almuosif of these compounds
(concretely 61) were assigned in our work, too. Tlext 129 compounds were
assigned “extra”. It is mainly caused by using ehéint extraction techniques.
Moreover, one of two compounds with the highestieonin the work of Worner, (E)-
anethol, was not confirmed in our work. Unfortumgteneither the presence of 2-
undecylfuran proposed by Worner as a suitable atdrcof tonka beans failed to
prove. It indicates that seed treatment, as welgm@svth conditions, has a large
influence on the volatile profile of tonka beans.

Adrade et al. [51] identified 32 volatile constitiuge of the flowers oDipteryx
odorata mainly sesquiterpenes, and sesquiterpenoids If1 6ur work, only 12 of the
mentioned 32 compounds were assigned too (only shuserpenes from 17
mentioned), and in the work of Woérner, 9 of the trmred 32 compounds were
identified too (only 4 sesquiterpenes from 17 nwrdd). Thus, most terpenic
compounds identified by Andrade were characterigticthe flowers only. Many of
these substances could also be present as a otsldimage of the flowers during
collection, because it is known that the releaseotdtiles can be induced by various
effects, like herbivore damage [52].
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3.5 Concluding remarks

Different extraction methods gave extracts withfediént profiles of compounds
given by different extraction conditions. In theseaof both HS-SPME modifications,
different results are given by different initialteaction temperature. In modification
with decreased temperature, the beginning of theetion (at a temperature of 100
°C) is in the sense of a sorption of compounds withher boiling point (i.e.
substances with higher retention indices), andrageoof the extraction fiber capacity
is exhausted by these substances. Therefore, thel@ver sorption capacity for
compounds extractable at lower temperatures. In,SdEplant material is immersed
in boiling water, and some oil components like estge sensitive to hydrolysis (only
12 esters were identified in SDE extracts, whileH®8-SPME extracts 22 esters were
identified). Some oxygenated components have aeternydof dissolving in water, so
their complete removal by distillation is not pddsi This may be a reason of the
lower number of identified carbonyl compounds in ES@xtracts (12 carbonyls)
compared to HS-SPME extracts (total of 22 carbgnyts SFE, the use of higher
pressures and temperatures led to the coextraofidreavy compounds with large
retention indices [53]. In case of tonka beansaetion conditions of SFE resulted in
the highest number of components with large reteniindices (47 % of all peaks in
chromatogram are of Rl > 2000, in SDE it was 33% an HS-SPME it was not
higher than 27 %). Preferred extraction of heag@mponents can be seen in the
chemical composition of profiles of acids, estesd aliphatic hydrocarbons when
compounds with RI < 1850 were not assigned in SEEaets.

3.6 Possible application

The main compound of tonka bean extracts is coummagionging to a class of
simple coumarins. It is a naturally occurring tgxiout this compound also exhibits
anti-inflammatory properties. Other similar compdsiibelonging to simple coumarins
(e.g. 3,4-dihydrocoumarine, etc.) class have aagatant, antibacterial, antifungal,
antiviral, anticancer, antihypertensive, antituldac, anticonvulsant, antiadipogenic,
antihyperglycemic, antioxidant, and neuroprotectw®perties. Therefore, natural
coumarins are of great interest due to their wicksesgh pharmacological properties, and
this attracts many medicinal chemists for furtheackbone derivatization and
screening them as several novel therapeutic affetitsThe group of fatty acids is the
next relatively abundant class of compounds (mioae L0 % of total peak area in HS-
SPME and SDE extracts). These compounds are ugkeé jproduction of soaps, and
taking special fragrance into account leads toube of tonka bean extracts in the
cosmetic industry.
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4. CONCLUSION

The dissertation deals with the analysis of compten plant material or
material prepared from it. The work was divideditiiree main sections - extraction
and analysis of compounds in rose petals, analgtislcoholic beverages and
extraction and analysis of volatile substancesonka beans. Experimental data,
optimization of extraction conditions, data evailomtin Statistics 12 (StatSoft, Inc.),
images, graphs and tables are presented in eaitnsec

The main objectives of the work were the use of $FE/GC-MS for the
extraction of volatile compounds, to find optimaktraction conditions and
subsequently to apply them to real samples. Thesdsgwere met within the
dissertation work. In the experimental part, otlmethods were used, such as
simultaneous distillation-extraction, supercritiflaid extraction, or an electronic nose
based on ultra-fast gas chromatography. In additorusing GC-MS analysis, a
combination of gas chromatography with a flame zahon detector (GC-FID) was
used.

In the first part of the thesis, attention was p#&dthe analysis of volatile
compounds in dried and milled rose petals. Duéé¢oviaried chemical composition of
roses, two SPME fibers - 50/30n DVB / CAR / PDMS and 10@m PDMS were
selected at the beginning of the work. The efficienf extraction of both fibers was
examined from the viewpoint of two variables - thember of peaks and the total peak
area. The DVB / CAR / PDMS fiber was more suitalolethe extraction of volatile
compounds, while PDMS fibers were more suitable l&ss volatile substances.
However, if the fibers were compared in terms oé ttotal peak area in the
chromatogram, larger areas were observed usingoii@ / CAR / PDMS fiber.
Variant analysis and Paret's effect graph were aksel to select a more suitable
SPME fiber. Based on the results, 50(8@ DVB / CAR / PDMS for extraction of
volatile organic compounds (VOCSs) in real sampleseaselected. In total, six roses
have been analyzed; Rosa Mariyo, Rosa Rhodos; Badaku; Rosa Tara; Rosa
Tacazzi and Rosa Deep Purple. As an optimal extractondition extraction
parameters were found, the extraction temperatae30 ° C, the extraction time was
60 min, and the dried sample weighed 0.7 g. In,t@Hl. compounds were identified
which were classified into individual chemical gpsu

The second part of the thesis was focused on thkysas of alcoholic beverages.
This section contained two parts. In the first pgthe analysis of alcoholic beverages,
more precisely the analysis of fruit spirits. Astime previous chapter, 2 types of
SPME fibers were selected - 50/gth DVB / CAR / PDMS and 10@m PDMS. In
order to select a more suitable fiber, the recarele compared from the point of view
of the total peak area and the number of peaksth@rbasis of a higher number of
peaks, 10um of PDMS fiber was selected, which was appliedtha extraction of
VOCs in real samples of fruit spirits. To incredse detector response, the dilution
factor and salt addition were also investigated. aylyzing the central composite
plan, extraction parameters were selected for 10sanple, 28.5% w/v, extraction
temperature 45 ° C and extraction time 60 min. taltof 24 fruit spirits were analyzed
and 271 compounds were identified. Part of the wealk to create an aroma-profile
and to find a statistically significant change be#w the factors using the statistical
component analysis tool (PCA) and factor analys)( The second part dealing with
alcoholic beverages was dealt with using an ela@traose based on ultra-fast gas
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chromatography as a tool for rapid classificatibrspecies and groups, eg alcoholic
beverages. Multidimensional statistical analysiSAPDFA and SIMCA) classified 13
types of alcoholic beverages.

In the last part of the dissertation, extractiod analysis of VOCs in tonka beans
are presented. Extraction methods for simultanetstdlation extraction (SDE) and
supercritical fluid extraction (SFE) were used tepgare extracts for the HS-SPME /
GC-MS analysis. SDE and SFE extracts were dispemsedsC-MS as a liquid and
also extracted with HS-SPME. Extraction of volatiempounds from SDE and SFE
extracts was carried out by HS-SPME in two waysthia first case, the substances
were extracted at a constant temperature of 624dr G9 minutes. In the latter case,
gradually decreasing temperatures were used uf to G, when the temperature of
30° C was reached, the sorption of the volatile poumds was terminated. In both
HS-SPME processes, §6n Carboxen / PDMS fiber was used, based on thé tota
number of peaks, from three tested SPME fibers (#fdi0PDMS, 50/30um DVB /
CAR / PDMS and 8um CAR / PDMS). The optimal extraction conditionsreve@n
extraction temperature of 62 ° C and an extradilme of 39 minutes. The extraction
temperature was determined by optimal extractiomdtmns, temperature 103 ° C,
pressure 31 MPa and the total volume of CO2 52 kthe obtained extracts 191
compounds were identified using all applied exioactechniques. Seven compounds
were identified in SDE extracts and only 36 substanwere identified in SFE-
extracted extracts.

30



List of references

[1]

[2]

[3]

[4]
[5]

[6]
[7]

[8]

[9]

[10]

[11]

[12]

HETHELYI, E., S. SZARKA, E. LEMBERKOVICS, etlaSPME-GC/MS
identification of aroma compounds in rose floweéssta Agronomica Hungarica
[online]. 2010,58(3), 283-287 [vid. 2017-01-12]. ISSN 0238-0161. Dpsé

z: doi:10.1556/AAgr.58.2010.3.11

BIANCHI, Giulia, Monica NUZZI, Alexa AvitabileLEVA, et al. Development
of a headspace-solid phase micro extraction metbodionitor changes in
volatile profile of rose (Rosa hybrida, cv David i) petals during processing.
Journal of Chromatography fonline]. 2007,115Q1-2), 190-197 [vid. 2017-
01-12]. ISSN 00219673. Dostupné z: doi:10.1016/pta.2006.10.012

LAVID, N., Jihong WANG, Moshe SHALIT, et al. Methyltransferases
Involved in the Biosynthesis of Volatile Phenolie@ivatives in Rose Petals.
PLANT PHYSIOLOGYonline]. 2002,1294), 1899-1907 [vid. 2018-07-23].
ISSN 00320889. Dostupné z: doi:10.1104/pp.005330

NAKAMURA, S. Scent and component analysis lo¢ thybrid tea rosd?erfum
Flavor. 1987,12, 43-45.

OMATA, Akihiko, Katsuyuki YOMOGIDA, Yo TESHIMA et al. Volatile
components of ginger flowers (Hedychium coronarikoenig). Flavour and
Fragrance Journallonline]. 1991,6(3), 217-220. ISSN 1099-1026. Dostupné
z: doi:10.1002/ff}.2730060310

LAWRENCE, Brian M. Progress in Essential Oieppermint OilPerfumer &
Flavorist 1997,22, 57-66.

CHANNELIERE, Stéphanie, Stéphane RIVIERE, GabiSCALLIET, et al.
Analysis of gene expression in rose petals usimpyessed sequence tag&BS
letters [online]. 2002, 5151-3), 35-8 [vid. 2017-01-12]. ISSN 0014-5793.
Dostupné z: http://www.ncbi.nim.nih.gov/pubmed/13990

PAULA BARROS, Elisabete, Nathalie MOREIRA, Gano ELIAS PEREIRA,
et al. Development and validation of automatic H8&E with a gas
chromatography-ion trap/mass spectrometry methocimalysis of volatiles in
wines.Talanta[online]. 2012,101, 177-186 [vid. 2017-01-12]. ISSN 00399140.
Dostupné z: doi:10.1016/j.talanta.2012.08.028

KUMAR, Ashwini, GAURAYV, Ashok Kumar MALIK, etal. A review on
development of solid phase microextraction fibeyssbl-gel methods and their
applicationsAnalytica chimica actgonline]. 2008,610(1), 1-14 [vid. 2017-01-
12]. ISSN 1873-4324. Dostupné z: doi:10.1016/j2@@8.01.028

MESTER, Zoltan a Ralph STURGEON. Trace eletmgreciation using solid
phase microextractionSpectrochimica Acta Part B: Atomic Spectroscopy
[online]. 2005, 60(9), 1243-1269. ISSN 05848547 . Dostupné
z: doi:10.1016/j.sab.2005.06.013

WARDENCKI, Waldemar, Magdalena MICHULEC a dsz CURYLO. A
review of theoretical and practical aspects ofdsphase microextraction in food
analysis.International Journal of Food Science and Technyplfanline]. 2004,
39(7), 703-717 [vid. 2017-01-12]. ISSN 0950-5423. Dpse

z: doi:10.1111/j.1365-2621.2004.00839.x

FERREIRA, Liseth, Rosa PERESTRELO, Michael LIDXIRA, et al.
Characterization of volatile substances in applesnfRosaceaefamily by
headspace solid-phase microextraction followed b@-qMS. Journal of

31



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Separation Sciencdgonline]. 2009, 32(11), 1875-1888 |[vid. 2017-01-12].
ISSN 16159306. Dostupné z: doi:10.1002/jssc.2002800

WINEFORDNER, J DSample Preparation Techniques in Analytical Chamist
[online]. 2003 [vid. 2018-07-23]. Dostupné z: httpngzu.com/library/Anarchy
Folder/Chemistry/MISC/Sample  Preparation Techniqués Analytical
Chemistry (Wiley, 2003).pdf

SIGMA ALDRICH. Selection Guide for Supelco SPME Fibers | Sigmaiétid
[online]. 2017 [vid. 2017-01-12]. Dostupné
z: http://lwww.sigmaaldrich.com/technical-
documents/articles/analytical/selecting-spme-filiens

CARASEK, Eduardo a Janusz PAWLISZYN. Scregniof Tropical Fruit
Volatile Compounds Using Solid-Phase Microextratti®&PME) Fibers and
Internally Cooled SPME Fiber [online]. nedatovaneid]2017-03-09].
Dostupné z: doi:10.1021/jf0613942

PELLATI, Federica, Stefania BENVENUTI, Fumkio YOSHIZAKI, et al.
Headspace solid-phase microextraction-gas chromegibg--mass spectrometry
analysis of the volatile compounds of Evodia specfeuits. Journal of
chromatography. Afonline]. 2005, 10871-2), 265-73 [vid. 2017-01-12].
ISSN 0021-9673. Dostupné z: http://www.ncbi.nlm.gdv/pubmed/16130723
JOHN C. LEFFINGWELL.Rose (Rosa damasceranline]. 2000 [vid. 2017-
03-20]. Dostupné z: http://www.leffingwell.com/dolead/rose.pdf
COMPOUND INTEREST.The Chemical Compounds Behind the Smell of
Flowers [online]. 2015 [vid. 2017-01-12]. Dostupné
z: http://www.compoundchem.com/2015/02/12/flowers/

SLIWINSKA, Magdalena, Paulina WNIEWSKA, Tomasz DYMERSKI, et al.
The flavour of fruit spirits and fruit liqueurs:raview. Flavour and Fragrance
Journal [online]. 2015, 30(3), 197-207 [vid. 2018-07-24]. ISSN 08825734.
Dostupné z: doi:10.1002/ffj.3237

EUROPEAN PARLIAMENT AND COUNCIL.Regulation EC. no. 110/2008.
2008

TOMKOVA, M., J. SADECKA a K. AND HROBONOVA. $chronous
fluorescence spectroscopy for rapid classificatdrfruit spirits. Food Anal.
Meth.2015,8, 1258-1267.

SPAHO, Nermina, Peter DURR, Slobodan GRBAalktEffects of distillation
cut on the distribution of higher alcohols and este brandy produced from
three plum varieties T [online]. 2013 [vid. 201824]. Dostupné
z: doi:10.1002/jib.62

ADAMS, R. P. Identification of essential oilcomponents by gas
chromatography/mass spectrometigentification of essential oil components
by gas chromatography/mass spectromefoynline]. 2007, (Ed.4) [vid. 2018-
07-24]. Dostupné z: https://www.cabdirect.org/cabcliabstract/20083116584
NIJSSEN, L. M., INGEN-VISSCHER, C. A. VAN ANIDONDERS, J. J. H.
VCF Volatile Compounds in Food: Database

NATIONAL INSTITUTE OF STANDARD AND TECHNOLOGY No
TitIStandard Reference Database Number 69. NIST

TESEVK, Vele, Ninoslav NIKCEVIC, Anka JOVANOVL, et al. Volatile
Components from Old Plum Brandiésod Technol. Biotechngbnline]. 2005,

32



[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

43(4), 367-372 [vid. 2017-04-10]. Dostupné
z: http://lwww.ftb.com.hr/images/pdfarticles/2005tQlwer-December/43-
367.pdf

MIHAJILOV-KRSTEV, Tatjana M, Marija S DENI, Bojan K ZLATKOVIC,

et al. Inferring the origin of rare fruit distille$ from compositional data using
multivariate statistical analyses and the iderdifmn of new flavour
constituents.Journal of the Science of Food and Agricultyomnline]. 2015,
95(6), 1217-1235 [vid. 2017-04-10]. ISSN 00225142. sipné
z: doi:10.1002/jsfa.6810

SOUFLEROS, E H, Ageliki MYGDALIA a Pantelis ATSKOULIS.
Characterization and safety evaluation of the ti@ul Greek fruit distillate
“Mouro” by flavor compounds and mineral analy$t®od Chemistry2004,86,
625—636.

NIKICEVIC, Ninoslav, Milovan VELCKOVIC, Milka JADRANIN, et al. The
effects of the cherry variety on the chemical aedssrial characteristics of
cherry brandyJ. Serb. Chem. Sdonline]. 2011,7655151663), 1219-12283
[vid. 2017-04-10]. Dostupné z: doi:10.2298/JSC1QIZ®N

BEEKWILDER, Jules, Ingrid M VAN DER MEER, An&SIMIC, et al.
Metabolism of carotenoids and apocarotenoids duripgning of raspberry
fruit. BioFactors (Oxford, Englandjpnline]. 2008,34(1), 57—-66 [vid. 2018-07-
24]. ISSN 0951-6433. Dostupné
z: http://www.ncbi.nlm.nih.gov/pubmed/19706972

RODRIGUEZ, Evelyn B. a Delia B. RODRIGUEZ-AMPA. Formation of
apocarotenals and epoxycarotenoids ffearotene by chemical reactions and
by autoxidation in model systems and processed stoédod Chemistry
[online]. 2007,101(2), 563-572 [vid. 2018-07-24]. ISSN 03088146. Dpsé
z: doi:10.1016/j.foodchem.2006.02.015

HAISMAN, DR a DJ KNIGHT. The enzymic hydrolgs of amygdalin.
Biochemical Journal [online]. 1967, 1032) |[vid. 2017-04-12]. Dostupné
z: http://lwww.biochemj.org/content/103/2/528

BELITZ, H.-D., W. GROSCH a P. SCHIEBERLE. Alcolic Beverages.
In: Food Chemistry[online]. Berlin, Heidelberg: Springer Berlin Heiberg,
2004 [vid. 2018-07-24], s. 892—-938. Dostupné z:1dbil007/978-3-662-07279-
0 21

LEDAUPHIN, Jéréme, Claude LE MILBEAU, DaniéBARILLIER, et al.
Differences in the Volatile Compositions of Frendtabeled Brandies
(Armagnac, Calvados, Cognac, and Mirabelle) Using-N&S and PLS-DA.
Journal of Agricultural and Food Chemistfgnline]. 2010,58(13), 7782—7793
[vid. 2018-07-24]. ISSN 0021-8561. Dostupné z: H0ii021/jf9045667
LEDAUPHIN, Jérbme, Jean-Francois SAINT-CLAIBdile LABLANQUIE, et
al. Identification of Trace Volatile Compounds ireBhly Distilled Calvados and
Cognac Using Preparative Separations Coupled with as G
Chromatography—-Mass Spectrometryournal of Agricultural and Food
Chemistry [online]. 2004,52(16), 5124-5134 [vid. 2018-07-24]. ISSN 0021-
8561. Dostupné z: doi:10.1021/jf040052y

GENOVESE, A, M UGLIANO, R PESSINA, et al. Cparison of the aroma
compounds in apricot (Prunus armeniaca, L. cvePelliella) and apple (Malus

33



[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

pumila, L. cv. Annurca) raw distillateBalian journal of food sciencdonline].
2004, 16(2), 185—196. ISSN 1120-1770. Dostupné
z: http://leuropepmc.org/abstract/AGR/IND43643865

MONTERO-PRADO, Pablo, Karim BENTAYEB a Cristi NERIN. Pattern
recognition of peach cultivars (Prunus persica [rpm their volatile
componentsFood Chemistryjonline]. 2013,1381), 724-731 [vid. 2017-04-
20]. ISSN 03088146. Dostupné z: doi:10.1016/j.fdwdn.2012.10.145
AUBERT, Christophe, Philippe BONY, Guillaun@&HALOT, et al. Changes in
physicochemical characteristics and volatile conmgisu of apricot (Prunus
armeniaca L. cv. Bergeron) during storage and pastest maturationFood
Chemistry [online]. 2010, 1194), 1386-1398 [vid. 2017-04-20].
ISSN 03088146. Dostupné z: doi:10.1016/j.foodch@@0209.018

ALLEN, O N a E K ALLEN. The Leguminosae. A source book of
characteristics, uses and nodulatiobondon; Macmillan Publishers Ltd.;
Madison, Wisconsin, USA, UK: University of Wiscond?Press., 1981.

EHLERS, Dorothea, Michael PFISTER, Wolf -Ra&nBORK, et al. HPLC
analysis of tonka bean extrac&eitschrift {@r Lebensmittel-Untersuchung und
-Forschung [online]. 1995, 201(3), 278-282 [vid. 2018-07-24]. ISSN 0044-
3026. Dostupné z: doi:10.1007/BF01193004

EHLERS, Dorothea, Michael PFISTER, Dieter GYHD, et al. Reducing the
coumarin content of tonka bean extracts using sujpieal CO2.International
Journal of Food Science and Technolofynline]. 1996, 31(1), 91-95
[vid. 2018-07-21]. ISSN 0950-5423. Dostupné z:H®i1111/).1365-
2621.1996.19-319.x

OLIVEROS-BASTIDAS, Alberto de J., Antonio DEMUNER a Luiz Claudio
de Almeida BARBOSA. Chemical characterization by-8GS and phytotoxic
potential of non-polar and polar fractions of seetl®ioteryx odorata (Aubl.)
Willd. from Venezuelan regionQuimica Novgonline]. 2013,36(4), 502-506
[vid. 2018-07-24]. ISSN 0100-4042. Dostupné  z: t0i1590/S0100-
40422013000400003

DOLAN, Laurie C., Ray A. MATULKA a George ABURDOCK. Naturally
Occurring Food ToxinsToxins[online]. 2010,2(9), 2289-2332 [vid. 2018-07-
24]. ISSN 2072-6651. Dostupné z: doi:10.3390/tax0e2289

GIVEL, Michael. A comparison of US and Norwag regulation of coumarin in
tobacco products [online]. nedatovano [vid. 2018QJ. Dostupné
z: doi:10.1136/tc.12.4.401

EFSA. Coumarin in flavourings and other foowredients with flavouring
properties- Scientific Opinion of the Panel on Food Additivédavourings,
Processing Aids and Materials in Contact with F¢édC). EFSA Journal
[online]. 2008, 6(10) [vid. 2018-07-24]. ISSN 18314732. Dostupné
z: doi:10.2903/j.efsa.2008.793

AGUILAR, Fernando, Herman NYBRO AUTRUP, SusBARLOW, et al.
Coumarin in flavourings 1 and other food ingredsewith flavouring properties
Scientific Opinion of the Panel on Food AdditivEsavourings, Processing Aids
and Materials in Contact with Food (AFC) PANEL MEMRBS of the Panel on
Food Additives, Flavourings, Processing Aids andtdvlals in Contact with
Food on a request from the European Commissionaum@rin in flavourings

34



[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

and other food ingredients with flavouring propestiCoumarin The EFSA
Journal [online]. 2008, 793 2-15 [vid. 2018-07-24]. Dostupné
z: http://www.efsa.europa.eu/sites/default/filestific_output/files/main_docu
ments/793.pdf

SULLIVAN, Gerald. Occurrence of umbelliferornia the seeds of Dipteryx
odorata (Aubl.) Willd.Journal of Agricultural and Food Chemistifpnline].
1982, 30(3), 609-610 [vid.2018-07-24]. ISSN 0021-8561. Mpsé
z: doi:10.1021/jf00111a051

AZMIR, J., I.S.M. ZAIDUL, M.M. RAHMAN, et al.Techniques for extraction
of bioactive compounds from plant materials: A esvi Journal of Food
Engineering [online]. 2013, 1174), 426-436 |[vid.2018-07-24].
ISSN 02608774. Dostupné z: doi:10.1016/j.jfoodef$y3201.014

GUPTA, Ankit, Madhu NARANIWAL a Vijay KOTHARI MODERN
EXTRACTION METHODS FOR PREPARATION OF BIOACTIVE PLMT
EXTRACTS. International Journal of Applied and Natural Sciesc(lJJANS)
2012,1(1), 8-26.

WORNER, Martin a Peter SCHREIER. Flichtige haitsstoffe aus
Tonkabohnen (Dipteryx odorata Willd.).Zeitschrift for Lebensmittel-
Untersuchung und -Forschurjgnline]. 1991,1931), 21-25 [vid. 2017-04-26].
Dostupné z: doi:10.1007/BF01192011

A. ANDRADE, Eloisa Helena, Maria das GracasZ)GHBI, Léa Maria M.
CARREIRA, et al. Volatile Constituents of the Flaweof Dipteryx odorata
(Aubl.) Willd. Journal of Essential Oil Resear¢bnline]. 2003,15(3), 211-212
[vid. 2017-04-26]. Dostupné z: doi:10.1080/104122083.9712117
VENKATESAN, R. Biosynthesis and regulation brbivore-induced plant
volatile emissiond. Indian Inst. Sci2015,95, 25-34.

BAOKANG, Huang, Qin LUPING, Chu QINGCUI, etl.aComparison of
headspace SPME with hydrodistillation and SFE foalgsis of the volatile
components of the roots of Valeriana officinalis.Vatifolia. nedatovano.
VENUGOPALA, K. N., V. RASHMI a B. ODHAV. Reew on Natural
Coumarin Lead Compounds for Their Pharmacologicaltivly. BioMed
Research International [online]. 2013, 2013 1-14 [vid. 2018-07-24].
ISSN 2314-6133. Dostupné z: doi:10.1155/2013/963248

35



List of Student's Published Works

Bajer, T, Bajerova, P. Surmovd, S.Kremr, D, Ventura, K, and Eisner, A:
Chemical profiling of volatile compounds of varioheme-made fruit spirits using
head-space solid-phase microextractidnInst. Brew, 123 105-112 (2017) Doi:
10.1002/jib.386

T. Bajer, S. Surmova, A. Eisner, K. Ventura, RjeBova: Use of hydrofistillation,
supercritical fluid extraction and solid-phase ro&xtraction for characterization of
volatile profile of Dipteryx odorata(Aubl.) Willd., Industrial Crops and Products 119
(2018), 313-321Doi: 10.1016/j.indcrop.2018.01.055

A. Eisner, S. Surmova, T. Bajer, T. Kosova and kenWira: Analysis of volatile
organic compounds in rose petals using head-spatid-phase microextraction
coupled to gas chromatography-mass spektrometignt®c Papers of the University
of Pardubice, Series A, 23 (2017).

Kremr D., Bajer T., Bajerova P., Surmova S., Veatlr: Unremitting problems
with chlorogenic acid Nomenclature: A review. QuiemNova,394), 530-533 (2016).
Doi: 10.5935/0100-4042.20160063

Eisner A., Surmova S., Adam M., Bajerova P., BdjerCizkova A., Kremr D.,

Ventura K.: Vodik jako alternative helia v plynowhromatografii s hmotnostni
detekci. Chemagazin 3 (XXIV), 2014.

36



