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Abstract

The composition of volatile compounds in 19 different wine distillates was studied by
gas chromatography (GC) coupled with flame ionization (FID) or mass-spectrometric (MS)
detector. The studied samples were divided into two groups depending on the way of their
production and geographical region. The effect of various sample treatment procedures on
final composition of volatiles was investigated in details. The effectiveness of direct injection,
headspace, solid phase extraction (SPE), solid phase microextraction (SPME) and liquid-
liquid extraction (LLE) was compared. Moreover, the effect of experimental conditions of
preconcentration methods such as type of sorbent, temperature, time or solvent removal pro-
cedure was studied in details. The repeatability of particular sample preparation procedure
was evaluated by comparison of peak areas for randomly selected compounds obtained from
4 parallel measurements. It was shown that the most suitable sample treatment procedure in
terms of repeatability is SPE followed by direct injection and headspace. LLE and SPME
provide higher variability of peak areas, thus utilisation of internal standard for quantification
is recommended. On the contrary, the most suitable sample treatment procedure in terms of
the number of different type of compounds is liquid-liquid extraction into CH,Cl,. By this
method, more than 240 compounds have been extracted from wine distillates produced by
classical technology. Furthermore, SPME has shown different selectivity which allows one to
determine compounds that could not be extracted by other studied sample preparation methods.
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Introduction

Brandy is an alcoholic beverage that can be produced by distillation of fermented
grapes, or in general, from any fruit juices. It originates from the Dutch word brandewijn
(burning wine) [1]. The most famous wine distillates originates from Cognac or Ar-
magnac regions in France from specific vine varieties and are produced by double
distillation. Moreover, the quality of final wine distillate depends on many other factors,
e.g. grape cultivars, harvesting time, quality of grape cider, activity of yeasts, fermenta-
tion, used distillation technology, quality and type of wooden barrels, etc. These factors
influence not only the taste, but also the aroma, which means qualitative and quantita-
tive composition of volatile organic compounds. VOCs present in wine distillates can
be divided into four groups depending on the stage when they form.

Primary aromatic compounds, such as nitrogen- and sulfur-containing compounds
or terpenes, originate from fruits, thus aroma appears exactly as in the fruit during rip-
ening [2, 3]. The secondary aromatic components are formed during the alcoholic
fermentation process, and among these, the most important are linear and branched
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alcohols or carboxylic acids and their esters [4, 5]. There are many papers dealing with
presence of carboxylic acids and their esters in alcoholic beverages, sample preparation
procedures for their selective extraction as well as quantification methods [6, 7]. Distil-
lation is responsible for tertiary group formation of aromatic compounds in wine distil-
lates. The amount of volatile compounds in the final product is strongly influenced by
type of distillation and suitable working conditions. Finally, quaternary aromatic com-
pounds are formed during the maturation in wooden barrels [8, 9]. The VOC formed
during this stage can be successfully used to evaluate the age of brandy [10]. Aroma
responsible compounds in alcoholic beverages are present in a small percentage.

Various sample preparation methods have been used to characterize volatile
compounds in wine distillates. The simplest and most attractive is direct injection
because no sample treatment procedure is required [6]. However, this method is suit-
able mostly for analysis of major components, thus determination of aroma responsible
compounds requires utilisation of either large volume injection (LVI) [11] or precon-
centration method. The most frequently used preconcentration methods for VOC anal-
ysis are preparative GC or high-performance liquid chromatography (HPLC) [12]
that have allowed the identification of more than 330 volatile compounds, of which
162 can be considered as trace compounds in Cognac and Calvados. LLE [9, 13],
SPME [10, 14], supercritical fluid extraction [15], simultaneous distillation-solvent
extraction [11] as sample treatment procedures have also been used for isolation and
characterization of volatiles from alcoholic beverages.

According to EU-Slovak Republic accession treaty, there are 6 types of alcoholic
beverages: wine distillates, wine, herb spirits, vodka, plum and juniper brandy included
in claim on Protected Denomination of Origin, Protected Geographical Indication or
Traditional Specialty Guaranteed [16]. Among these products, there are three wine dis-
tillates: Karpatske brandy special which can be produced only in the Little Carpathian
wine region; Urpignac and Bystricke brandy special which is produced only in sur-
roundings of the town of Banska Bystrica. In order to successfully protect these alco-
holic beverages against possible adulteration, it is important to have detailed know-
ledge about their chemical composition.

The aim of this work was therefore to find the most suitable sample preparation
procedure for isolation and characterization of volatile compounds in wine distillates
produced in Slovakia. A major goal of this work is identification of organic com-
pounds presented in Slovakian brandies produced by various technologies and in dif-
ferent geographical regions.

1. Experimental

1.1. Instruments. Capillary GC was performed using two independent Agilent
Technologies 6890 gas chromatographs. The first instrument was equipped with
split/splitless and headspace sampler G1888 and Agilent Technologies 5973 inert mass
selective spectrometer. The second instrument was equipped with split/splitless injector
and flame ionization detector. Helium with a flow rate of 1.5 mL/min was used as car-
rier gas in all analyses. Both liquid and gaseous samples have been injected into a 30 m
DB-FFAP (nitroterephthalic acid modified PEG) capillary column with 0.25 mm 1.D.
and 0.25 pm film thickness (J&W Scientific) via split/splitless injector heated
at 250 °C. Splitless mode was used in all experiments. The temperature program was
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tuned for each sample preparation procedure depending on their requirements and
expected composition of injected sample. FID temperature was kept at 280 °C.

The Mass Spectrometry conditions were: El ionisation, SCAN mode with a scan
frequency of 1.2 scan/s and a scan range of 29-350 amu in all experiments. Data han-
dling was performed by means of Agilent Chemstation software. Identification of com-
pounds was performed by comparison of obtained MS spectra with NIST 05 MS li-
brary. The compound was considered as identified if a quality match of more than 80%
was reached.

1.2. Sample preparation procedures. Direct injection (DI): 1 uL of raw sample
has been injected directly into GC.

Headspace (HS): 10 mL of sample was inserted into 25 mL headspace vial and
heated at 70 °C for 15 min; 500 pL of vapour sample was injected into gas chro-
matograph.

Solid phase microextraction (SPME): This sample treatment procedure was per-
formed with the SPME device for manual sampling consisted of a holder assembly
and several replaceable fibers, all obtained from Supelco. SPME fibers coated with
polydimethylsiloxane (PDMS) of 100 um thickness, polydimethylsiloxane/divinyl-
benzene (PDMS/DVB) of 65 pm and carboxen/polydimethylsiloxane (CAR/PDMS)
of 75 um were obtained from Supelco. Prior to use, the fibers were conditioned by
heating in the injection port of the chromatographic system under the conditions rec-
ommended by the manufacturer for each fiber coating. All analyses were performed
in 15 mL clear glass vials and the solutions were stirred with PTFE-coated magnetic
stir bars. Vials were sealed with hole-caps and PTFE/silicone septa. The temperature
was controlled by a Heidolph EKT 3001 system. The adsorption of organic com-
pound from 5 mL of sample on SPME fiber took 20 min at 45 °C. Desorption was
performed in GC injector in splitless mode at 230 °C for 1 min.

SPE procedure: 5 mL of sample has been pipetted into 50 mL volumetric flask
and vigorously shaken for 5 min. Immediately, 5 mL of vapour phase has been taken
by syringe through glass microcolumn filled with TENAX TA (60-80 mesh) sorbent
(Chrompack) with a flow rate of 5 mL/min. The distance between the microcolumn
and the liquid surface was about 1 cm. After finishing of sorption step, glass tube has
been disconnected from syringe and inserted into modified splitless injector at a car-
rier gas pressure of 10 kPa and heated at 225 °C for 2 min [17, 18].

Liquid-liquid extraction with rotovap preconcentration (LLE-VD): 50 mL of sam-
ple was extracted with four 12.5 mL portions of dichloromethane and NaCl in separat-
ed funnel. Collected extracts were preconcentrated to 1 mL using rotovap at 35 °C.

Liquid-liquid extraction with Kuderna—Danish preconcentration (LLE-KD): the
same procedure as for LLE-VD was carried out with the expectation of preconcentra-
tion step: in this case a Kuderna—Danish apparatus was used with a water bath con-
stantly kept at 85 °C.

The repeatability of particular sample preparation procedure was determined
from data obtained by 4 independent analyses of the sample A03 that was treated by
the same procedure under optimal condition. For each assay, the average peak area
and the relative standard deviation (RSD) were calculated based on the peak areas
found for base ion of selected compound.
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Table 1
The list of samples under study
5 0
i SEEE
Label Sample Producer S S %5 ke S
5 3], 5323 g
5 | 2|22 5581
> | |28 2 3|a|lulw
AQ01 |Karpatske brandy |Vitis Pezinok 2004 | 40 | x X | X
special
AQ02 |Karpatske brandy |Vitis Pezinok 2005 | 40 | x X | X
special (1)
A03 |Karpatske brandy |Vitis Pezinok 2005 | 40 | x X | X
special (11)
A04 |Vinovica Vitis Pezinok 2004 | 40 | x X
AQ05 |Karpatske KB Vitis Pezinok 2004 | 40 | X | X | X|[X|X|X]|X
A06 |Karpatske KB Vitis Pezinok 2005 | 40 | X | X | X|X|X|X]|X
AQ7 |Pezignac Vitis Pezinok 2005 [ 38 | X | X|X|[X|X|X]|X
A08 |Frucon Frucona, Kosice 2003 | 40 | x X
AQ9 |Trencianske brandy |OIld Herold, Trencin| 2003 | 36 | x X
special
A10 |Trencianske hradne |Old Herold, Trencin| 2005 | 36 | X | X | X | X | X | X
All |Trencianske rezane |Old Herold, Trencin| 2005 |37.5| X | X | X | X X
Al2 |Brandy rezane Old Herold, Trencin| 2001 | 38 | X | X | X | X | X | X
Al3 |Brandy rezane Old Herold, Trencin| 2002 | 38 | X | X | X | X | X | X
Al4 |Trencianske brandy |Old Herold, Trencin| 2001 | 37 | X | X | X | X | X | X
Al5 |Trencianske brandy |Old Herold, Trencin| 2002 | 37 | X | X | X | X | X | X
Al16 |Bystricke brandy |Dunajskrob, Banska| 2004 |37.5] X | X | X | X | X | X
Bystrica
Al7 |Klastorne brandy  |St. Nicolaus, 2005 | 37 | X | X|X|X|X]|X
Liptovsky Mikulas
Al18 |Spis brand special |Gas Family, Stara | 2005 | 38 | X | X X | x| x
Lubovna

1.3. Samples and chemicals. 18 different wine distillates under study have been
divided into two major groups. The first group contains wine distillates which can be
considered as an imitation of classical brandy. These are produced as wine distillates
diluted by ethanol from other sources and are characterized by presence of food addi-
tive E150a “Plain caramel”. The second group consists of wine distillates produced
by classical technology that is wine distillate aged in wooden barrels for certain period
of time. In this group, all studied samples are VSOP grade except for the sample A04
“Vinovica”. The samples A02 and A03 are produced in the same year but differ in
date of expedition which is March 17 (A02) or June 02 (A03). The samples have
been obtained directly from producers. The list of used samples with some character-
istic information is shown in Table 1.

Dichloromethane and NaCl were purchased from Merck (Germany). Acetalde-
hyde, methanol, ethanol, acetone, methyl acetate, ethyl acetate, isobutyl acetate, 2-
butanol, propanol, butyl acetate, isobutanol, isopentyl acetate, butanol, pentyl acetate,
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isopentanol, hexanoic acid ethyl ester, pentanol, hexanol, octanoic acid ethyl ester
and phenylethanol were obtained from Fluka (Germany).

2. Results and discussion

The samples under investigation underwent all preparation procedures discussed
above (see Section 1.2). For a better comparison of various sample treatment methods,
only the chromatogram obtained for the sample A03 will be shown. This sample
belongs to the second group (wine distillates produced by classical technology) and
thus the presence of compounds characteristic of grapes aroma is expected to be found.

In the first step, a direct injection of neat sample into the GC was performed. After
initial temperature of 35 °C for 1 min, the column was programmed at 3 °C/min to
230 °C. When FID detector was used, the chromatograms obtained for all studied
samples were poor of peaks, which can be attributed to the used sample preparation
procedure that allows detection of just major compounds (alcohols and esters of some
carboxylic acids). With high probability, other compounds are present in amounts not
detectable by using FID, making necessary the use of preconcentration techniques.
Another possibility is to employ more sensitive detector, such as mass spectrometry.

The GC-MS chromatogram obtained for the sample A03 is shown in Fig. 1. It
can be seen that from 21 peaks which are present in the chromatogram at relatively
high concentration levels only 15 have been successfully identified. However, addi-
tional 79 peaks were present at trace level. Most from the identified peaks are linear
or branched alcohols and carboxylic acids and their ethyl esters.

Table 2 shows the repeatability data for the compounds with relatively high con-
tent in the sample 03. Practically for all identified compounds, satisfactory relative
standard deviation (RSD) below 5% was found. For compounds containing free car-
boxylic group and carbonyl group attached to linear alkyl chain, a little higher RSD
value (5.4%) was observed.

In HS injection method, only volatile compounds presented in wine distillates are
evaporated and injected into the GC. In order to focus volatiles at the column head,
a suitable initial low temperature of 35 °C was set and held for 1 min; then, at 2 °C/min
the temperature increased to 100 °C, was held for 5 min, and at 10 °C/min increased to
220 °C. An operating temperature of 70 °C and equilibrium time of 20 min were found
as the optimal HS conditions. Fig. 2 shows the GC-MS chromatogram obtained for the
sample AO3 by a static headspace injection method. It can be seen that chromatogram
is cleaner and poorer on number of presented peaks compare to direct injection.

Obviously, only compounds with highest concentration, such as acetaldehyde,
ethanol, ethyl acetate, ethyl esters of carboxylic acids, linear and branched alcohols
appeared on chromatogram. The average numbers of compounds presented on
chromatograms for the second group are 18. The obtained repeatability data are shown
in Table 3. For the majority of the compounds, the RSD values vary within the range
from 3 to 6 which makes this sample treatment procedure suitable for the quantification
of these particular components. However, this sample treatment method provides higher
variability in comparison to the RSD values obtained for the same compounds by direct
injection. The most critical is change in the RSD value for acetic acid (5.4 by DI and 9.5
by HS method). The chromatograms for wine distillates from the first group have
shown the presence of only two peaks (ethanol and ethylacetate). It was assumed that
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Fig. 1. The GC-MS chromatogram obtained for the sample A03 by direct injection technique.
The identified compounds: (1) 2-methylpropanol, (2) 1-butanol, (3) 1-butanol-3-methyl, (4)
2-propanone-1-hydroxy, (5) 1-hexanol, (6) octanoic acid ethyl ester, (7) acetic acid, (8) deca-
noic acid ethyl ester, (9) butanedioic acid, diethyl ester, (10) furanone, (11) 1,2-cyclopenta-
dione, (12) decanoic acid ethyl ester, (13) phenylethanol, (14) 2-hydroxy-gamma-butyrolac-
tone, (15) 5-(hydroxymethyl)-2-furancarboxaldehyde. The peaks marked by * have not pro-
vided sufficient quality match factor, thus are considered as unknown

Table 2
Repeatability data obtained for the sample A03 by the direct injection (n = 4)
Compound Base ion Average peak area RSD,%
1 43 36954255 5.6
2 56 867389 3.9
3 55 48246845 4.1
4 43 61597180 5.4
5 56 7508854 3.3
6 88 5866889 4.6
7 43 12255270 5.4
8 88 13286487 2.8
9 101 1572798 2.8
10 55 1020271 4.8
11 98 4014369 4.7
12 88 4049295 4.1
13 91 3538630 2.5
14 57 8248727 3.5
15 97 7025417 2.8
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Fig. 2. The GC-MS chromatogram obtained for the sample AO3 and the static headspace
technique. The identified compounds: (1) acetaldehyde, (2) formic acid ethylester, (3) diethoxy
methane, (4) acetic acid, ethylester, (5) ethanol, (6) propanol, (7) 2-methyl propanal, (8) 1-bu-
tanol, 3-methyl, acetate, (9) butanol, (10) 1-butanol-3-methyl, (11) hexanoic acid ethyl ester, (12)
hexanol, (13) octanoic acid ethyl ester, (14) acetic acid, (15) decanoic acid ethyl ester. The peaks
marked by * have not provided sufficient quality match factor, thus are considered as unknown

Table 3
Repeatability data obtained for the sample A03 by the headspace injection (n = 4)
Compound Base ion Average peak area RSD, %
1 29 9247789 3.0
2 31 852583 5.2
3 59 1072599 5.1
4 43 51078641 2.4
6 31 4211212 4.4
7 43 6197912 1.9
8 43 1126353 3.6
9 56 158665 5.6
10 55 12120180 3.7
11 88 147802 5.7
12 56 358609 6.9
13 88 692753 4.9
14 43 687530 9.5
15 88 735295 6.9

significantly high concentration of ethanol in wine distillate samples, and consequently,
also in gaseous phase prevents evaporation of other volatile compounds at lower or even
trace concentration levels. Thus, in the next experiment all samples have been diluted by
water to reach final concentration of ethanol in range 15-18%. This modification did not
show significant improvement. The chromatograms obtained for the second group of
samples are practically the same. In the first group, a slight increase in peak areas has
been observed and also additional compound at the very low concentration level has been
found in the sample A08.
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Fig. 3. The GC-FID chromatogram obtained for the sample A03 and the SPE sample treatment
procedure. The identified compounds: (1) acetaldehyde, (2) acetone, (3) acetic acid, methylester,
(4) acetic acid, ethylester, (5) acetic acid, 2-methyl-propylester, (6) 2-butanol, (7) acetic acid,
butylester, (8) 2-methyl propanol, (9) 1-butanol, 3-methyl-, acetate, (10) 1-butanol, (11) acetic
acid, pentylester, (12) 1-butanol-3-methyl, (13) hexanoic acid ethyl ester, (14) hexanol

Based on the results obtained till this point, the application of a sample
preparation method in which volatile compounds in gaseous phase were trapped in a
sorbent layer seemed more suitable. For this reason, a simple SPE method was used.
The factors limiting the type and amount of used sorbent are compounds breakthrough
volumes. The smaller amount of sorbent is preferable in analysis of high-boiling
compounds while a higher amount of sorbent is preferable for volatile compounds.
From various studied sorbents, Tenax TA has shown the most suitable properties due to
the low affinity to water. Moreover, from most compounds studied in this paper,
methanol and ethanol have the lowest breakthrough volumes on Tenax TA at 20 °C.
This means that methanol and ethanol will pass through sorbent whereas other
compounds could be retained only by 10 mg of sorbent. Because desorption is
performed directly in split/splitless injector, oven temperature program requires longer
isothermal conditions at the beginning of analysis until ethanol peak is eluted from the
column. After that, temperature gradient was set up on 5 °C/min till 210 °C and held
for 10 min.

Fig. 3 shows the chromatogram obtained for the sample A03 by the SPE sample
treatment procedure. It is clear that on the chromatogram a large number of peaks are
presented and up to 12 compounds are eluted in front of ethanol. Unfortunately, in
this case, FID detector was used, thus identification of compounds was done by
comparison of elution time with that of standards.
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Table 4
Repeatability data obtained for the sample A03 by the SPE method (n = 4)
Compound Avarage peak area RSD, %
1 171792 3.5
2 3872 2.9
3 1087 4.3
4 10235120 2.6
5 11372 1.2
6 35345 1.9
7 9975 2.0
8 723928 1.6
9 37175 2.1
10 3461 3.7
11 46294 3.9
12 1518328 3.3
13 30514 6.7
14 74745 8.6

By means of this method, 19 compounds (higher linear and branched alcohols,
acetone, acetals) have been successfully identified. The calculated repeatability values
shown in Table 4 vary from 1.2 to 8.6. The highest precision was observed for iso-buty-
lacetate. On the contrary, hexanol showed the lowest precision. This sample preparation
method is characterized by the lowest RSD values for most compounds; however the
range for RSD values is significantly higher compared to previous sample preparation
methods.

The consistency of aromatic fraction of the samples belonging to both groups
was evaluated in terms of sum peak areas of peaks eluting before and after the ethyl
alcohol peak, respectively; the higher this value the richer the flavor. From Table 5, it
can be easily assumed that the second group showed higher sum of peak areas, either
for the part eluting in front of ethanol or for the part eluting after. In particular some
observations can be made about single components of the aromatic fraction. The
main components that elute in front of ethanol are acetaldehyde, methyl and ethyl
acetate or ethyl formate that were determined at a higher level in comparison to the
first studied group. This is in agreement with previously published data that report
a significant increase of ethyl acetate or esters content during the aging process [19].

The other sorptive technique which has been used as a sample treatment procedure
for isolation of volatile compounds from wine distillates is SPME. During optimization
of working conditions, type of SPME fibers, sorption temperature and time have been
tested in details. It was found that the best results are achieved when PDMS or
PDMS/DVB fiber is inserted into gaseous phase of sample heated at 45 °C for 20 min.
The used temperature program is the same like in DI methods. The chromatogram
obtained for the sample AO03 using the SPME fiber coated with 65 pm layer of
PDMS/DVB is shown in Fig. 4. It is obvious that the chromatogram contains signifi-
cantly higher number of compounds compared to previous sample treatment methods.
From all 186 peaks, only 46 provided satisfactory quality match factor to be considered
as identified. These compounds belong to different chemical classes such as organic
acids, their various esters, linear and branched alcohols, furan and their derivatives.
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Table 5

The sum of peak areas for compounds eluted in front of and after ethanol obtained by the SPE
method

Sample | Sample | Sum of peak areas for the com- | Sum of peak areas for the com-
abbr. group | pounds eluted in front of ethanol pounds eluted after ethanol
A0l 2 9874 2728
A02 2 10468 3004
A03 2 10153 2986
A04 2 5669 2970
A05 1 3598 2864
A06 1 4113 3286
A07 1 4994 3288
A08 2 12026 1906
A09 2 4075 2560
Al0 1 196 191
All 1 293 196
Al2 1 240 347
Al3 1 251 270
Al4 1 496 400
Al5 1 319 382
Al6 1 161 164
Al7 1 114 108
Al18 1 117 495

Also terpenes, like a-amorphene (25.368 min in sample 8), murrolene (26.834 min
in sample 8), y-cadinene (27.927 min in sample 8), cadina-3,9-diene (28.027 min
in sample 8), a-curcumene (28.834 min in sample 8), (-)-calamenene (30.648 min in
sample 8), B-damascone (30.319 min in sample 8), 6-methyl a-ionone (35.816 min in
sample 8), and p-damascenone (28.313 min in samples 4 and 7) were also successfully
extracted. These compounds were not present in extracts obtained by other sample
treatment procedures. Thus, this method can provide complementary qualitative and
guantitative information about terpenes and sesquiterpenes present in wine distillates.

The repeatability of SPME sample treatment procedure obtained for 20 randomly
selected compounds is shown in Table 6. The selected compounds belong to various
classes such as organic acids and their ethyl esters, alcohols or furan derivatives and
present on chromatogram at different concentration levels. As was expected, the found
RSD values which vary within the range of 9.2 to 29 are significantly higher compared
to previous methods. This is caused by manual operation of both sample treatment pro-
cedure as well as injection and by large number of steps that are involved during sam-
ple preparation. Thus, SPME with manual holder seems to be unsuitable for reliable
guantification of VOC in wine distillates, unless proper internal standard is employed.

The SPME sample treatment method did not show any rules based on our sam-
ple classification. However, it showed classification depending on the way of pro-
duction. Samples that originate from the Little Carpathian wine region contained ap-
proximately 130 compounds. The samples from Trencin contained 70 to 90 com-
pounds and less than 60 compounds were found in other samples from the first
group. On the contrary, brandies produced by classical technology contained more
than 140 peaks independently on geographical region.
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Fig. 4. The GC-MS chromatogram obtained for the sample A03 by using the SPME fibre coated
with 65 um layer of PDMS/DVB. The identified compounds: (1) ethanol; (2) 1-propanol; (3) 1-
propanol, 2-methyl-; (4) 1-butanol, 3-methyl-, acetate; (5) limonene; (6) 1-butanol; (7) 1-bu-
tanol, 2-methyl; (8) 1-butanol, 3-methyl-; (9) benzene, 1-methyl-4-(1-methylethyl)-; (10) pro-
panone, 1-hydroxy-; (11) propanoic acid, 2-hydroxy-, ethyl ester; (12) 1-hexanol; (13) octa-
noic acid, ethyl ester; (14) acetic acid; (15) furfural; (16) benzaldehyde; (17) formic acid; (18)
2-furancarboxaldehyde, 5-methyl-; (19) decanoic acid, methyl ester; (20) decanoic acid, ethyl
ester; (21) octanoic acid, 3-methylbutyl ester; (22) 2-furanmethanol; (23) butanedioic acid,
diethyl ester; (24) ethyl 9-decenoate; (25) 1.2-cyclopentanedione; (26) n-capric acid, isobutyl
ester; (27) dodecanoic acid, ethyl ester; (28) pentadecanoic acid, 3-methylbutyl ester; (29) bu-
tanoic acid, 1,1-dimethyl-2-phenylethyl ester; (30) phenylethyl alcohol; (31) 2(3H)-furanone,
5-butyldihydro-4-methyl-; (32) tetradecanoic acid, ethyl ester; (33) octanoic acid; (34) penta-
decanoic acid, ethyl ester; (35) hexadecanoic acid, ethyl ester; (36) 4H-pyran-4-one, 2,3-dihy-
dro-3,5-dihydroxy-6-methyl-; (37) ethyl 9-hexadecenoate; (38) n-decanoic acid; (39) 2,6,10-
dodecatrien-1-ol, 3,7,11-trimethyl-; (40) benzoic acid; (41) dodecanoic acid; (42) 2-furancar-
boxaldehyde, 5-(hydroxymethyl)-; (43) dibutyl phthalate; (44) tetradecanoic acid; (45) n-he-
xadecanoic acid; (46) 9.12-octadecadienoic acid, (Z, Z). The peaks marked by * have not
provided sufficient quality match factor, thus are considered as unknown

Table 6
Repeatability data obtained for the sample A03 by the SPME sample treatment procedure (n = 4)
Compound Base ion Avarage peak area RSD, %
5 68 2113728 24
6 56 567855 29
8 55 72514673 21
9 119 2300422 25
10 43 2607540 29
11 45 2859371 15
12 56 5087076 15
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13 88 143143837 24
18 110 968414 13
19 74 643409 28
20 88 507990329 29
22 98 2693994 12
25 98 527988 9.2
27 88 257139550 27
32 88 24009108 28
35 88 25461152 26
41 73 17843662 26
42 97 30388641 15
44 73 72514673 21
45 73 3060812 26
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Fig. 5. The GC-MS chromatogram obtained for the sample A03 and LLE to CH,CI, followed
by the rotovap preconcentration

The last studied sample treatment procedure, LLE, allows one to determine organ-
ic compounds which can be extracted by organic solvents. Various mixtures of organic
solvents for the extraction of volatiles from wine distillates have been described in lite-
rature. However, the most frequently used solvent is dichloromethane. 50 mL of sam-
ple was extracted with 12.5 mL of dichloromethane four times and the final extract was
preconcentrated into 1 mL using rotovap at 35 °C. By this sample treatment procedure,
also organic compounds with the higher boiling point are present in the final extract.
Therefore, a temperature program with slow gradient in full temperature range was
used: 35 °C, held for 1 min, at 2 °C/min increased to 230 °C, held for 10 min. The
chromatogram (Fig. 5) shows that VOCs are more concentrated from 40 min (the high-
est peak at around 40 min is ethyl decanoate) while the opposite behavior, more or less,
happens to be when using other sample preparation methods. It is likely that these
VOCs missing in the first region of chromatogram are lost during rotovap evaporation.
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Fig. 6. The GC-MS chromatogram obtained by using LLE to CH,ClI, followed by the Kuderna—
Danish distillation

Therefore, the utilisation of a softer method for solvent removal such as Kuderna—
Danish distillation is preferred. The temperature of water bath during distillation pro-
cess was kept at 85 °C. As a consequence, the final sample volume varies from sample
to sample and depends on its composition. Moreover, a fast comparison of samples
based on peak areas or their heights is not as straightforward as when evaporation to
constant volume is used.

Fig. 6 shows the chromatogram obtained for the sample AO03 using LLE fol-
lowed by Kuderna—Danish distillation. From comparison of Fig. 5 and Fig. 6, it is
obvious that solvent removal by Kuderna—Danish distillation has a positive impact
on the composition of the final extract: an increase of the number of compounds, as
well as peak areas has been observed for volatile compounds eluting up to 40 min.

On the contrary, peaks eluting after 40 min show a decrease in peak areas which
is caused by different final sample volumes. The final volume of the sample 03 treated
by LLE-KD was 2.8 times higher than the final volume obtained by LLE-VD. This is
in agreement with observed peak areas for LLE-VD and LLE-KD. For better compari-
son of studied sample preparation methods, samples have also been analysed under the
same chromatographic conditions as were used in DI and SPME experiments.

The chromatogram is shown in Fig. 7 and repeatability data obtained for 19 ran-
domly selected compounds by LLE-KD are shown in Table 7. Again, the same strategy
as in SPME was used in order to select compounds for evaluation of repeatability of
the sample treatment procedure.

LLE is characterized by RSD values within the range of 4.0-19.2. The repeata-
bility data obtained from peak areas are satisfactory for its quantification. However
because the majority of selected compounds showed higher variability (11 compounds
showed RSD > 10% and 8 compounds showed RSD > 14%), the use of internal
standard is recommended.



A COMPARATIVE STUDY OF SAMPLE PREPARATION PROCEDURES... 21

1000000 -~
1 15 )
11
800000 A 2
4
6 23
24
2 , 16
S 600000 - s .
g % J
c
S *
o
@ 400000 —
17
3 3 .
43| 0¥
200000 S 1 2 » 35 40 *
1123 21% 36 m
531‘”&“ 2 | 2;27293]3 R
o] ULV
T T T T T T T 1
0 20 40 60 80
time (min)

Fig. 7. The GC-MS chromatogram obtained by LLE to CH,Cl, followed by the Kuderna—
Danish distillation under the same temperature program as was used for DI and SPME. The identi-
fied compounds: (1) 1-propanol; (2) 1-propanol, 2-methyl-; (3) 2-propen-1-ol; (4) 1-butanal; (5)
cyclopentanone; (6) 1-butanol, 3-methyl-; (7) hexanoic acid, ethyl ester; (8) propanoic acid, 2-0xo-,
ethyl ester; (9) 2-propanone, 1-hydroxy-; (10) propanoic acid, 2-hydroxy-, ethyl ester; (11) 1-hexa-
nol; (12) 3-hexen-1-ol, (E)-; (13) 3-hexen-1-ol, (Z)-; (14) acetic acid, hydroxy-, ethyl ester; (15)
octanoic acid, ethyl ester; (16) acetic acid; (17) furfural; (18) acetic acid, diethoxy-, ethyl ester;
(19) benzaldehyde; (20) 1-octanol; (21) propanedioic acid, diethyl ester; (22) 2-furancarboxylic
acid, ethyl ester; (23) decanoic acid, ethyl ester; (24) butanedioic acid, diethyl ester; (25) p-menth-
1-en-8-al; (26) 2(5H)-furanone; (27) 1.2-cyclopentanedione; (28) dodecanoic acid, ethyl ester;
(29) benzyl alcohol; (30) phenylethyl alcohol; (31) cis 3-methyl-4-octanolide; (32) 2-furancarbo-
xylic acid, hydrazide; (33) phenol, 4-ethyl-2-methoxy-; (34) butanedioic acid, hydroxy-, diethyl
ester, (+/-); (35) octanoic acid; (36) hexadecanoic acid, ethyl ester; (37) n-decanoic acid; (38) 2-fu-
rancarboxaldehyde, 5-(hydroxymethyl)-; (39) vanillin; (40) dibutyl phthalate; (41) pentadecanoic
acid; (42) n-hexadecanoic acid; (43) heptadecanoic acid. The peaks marked by * have not pro-
vided sufficient quality match factor, thus are considered as unknown

The chromatograms obtained by LLE-KD showed that wine distillates in the first
group could be roughly subdivided into three groups. The most organic compounds (cca
190) were found in wine distillates produced in Pezinok. Approximately 130 organic
compounds have presented in wine distillates produced in Trencin. The other studied
samples showed presence of 70-90 organic compounds. Generally, 19-45 compounds
are presented in relatively high concentration depending on the type of sample. Other
compounds are usually presented at trace level. On the contrary, more than 240 organic
compounds have been found in wine distillates in the second group. Slight lower number
of compounds (198) was found in the sample A04 which was not aged in wooden bar-
rels. The identified organic compounds belong to different organic classes, i.e. ethyl esters
of carboxylic acids, linear and branched alcohols, aldehydes, carboxylic acids, furans and
their derivatives or phenolic compounds. The selectivity of particular sample treatment
procedure towards identified compounds found in the sample A03 is shown in Table 8.
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Table 7

Repeatability data obtained for the sample A03 by the LLE-KD sample treatment procedure
(n=4)

Compound Base ion Average peak area RSD, %
4 56 11431057 6.9
7 88 3037954 16

10 45 55892376 5.4
15 88 27748908 19
12 41 10978275 7.7
17 96 3483229 4.8
23 88 65644964 9.7
28 88 22750367 19
30 91 22342951 17
24 101 7707290 14
22 95 365444 14
25 59 287856 13
19 106 338176 4.0
26 55 656856 8.6
31 99 1138741 11
33 137 1009659 17
34 117 1960696 13
38 97 41397965 7.7
39 151 705948 15

Table 8

The identified compounds found in the sample AO3 by the sample treatment procedures under
study

Compound name Sample treatment procedure )
DI | LLE |[SPME| HS | SPE

1,4-benzenediol, 2-methyl- X
1,4-butanediol X X
1.2-cyclopentanedione X X X
1.6-octadien-3-ol, 3,7-dimethyl- X
1-butanol X X X X X
1-butanol, 2-methyl- X X X
1-butanol, 3-methyl- X X X X X
1-butanol, 3-methyl-, acetate X X X X
1-heptanol X
1-hexanol X X X X X
1-hydroxy-2-butanone X
1-octanol X
1-pentanol X X
1-pentanol, 3-methyl- X
1-penten-3-ol X
1-propanol X X X X
1-propanol, 2-methyl- X X X X X
1-propanol, 3-ethoxy- X
2(3H)-furanone, 5-acetyldihydro- X




A COMPARATIVE STUDY OF SAMPLE PREPARATION PROCEDURES...

23

2(3H)-furanone, 5-butyldihydro-4-methyl-

2(5H)-furanone

x

2(5H)-furanone, 5-methyl-

2,6,10-dodecatrien-1-ol, 3,7,11-trimthyl-

2-butanol

2-butanone, 3-hydroxy-

x

2-cyclopenten-1-one, 2-hydroxy-3-methyl-3-methyl-

2-cyclopentene-1,4-dione

2-furancarboxaldehyde, 5-(hydroxymethyl)-

2-furancarboxaldehyde, 5-methyl-

X[ X[ X]|X|X

2-furancarboxylic acid, ethyl ester

2-furancarboxylic acid, hydrazide

2-furanmethanol

XX | X[ X|X[X

2-hydroxy-gamma-butyrolactone

x

2-methoxy-4-vinylphenol

x

2-propanone, 1-hydroxy-

x

2-propen-1-ol

3-butene-1.2-diol

3-hexen-1-ol (E)

XX | XX

3-hexen-1-ol (2)

4H-pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-

5-acetoxymethyl-2-furaldehyde

5-hydroxymethyldihydrofuran-2-one

9.12-octadecadienoic acid, (Z, 2)-

acetaldehyde

acetic acid

acetic acid, butylester

acetic acid, ethylester

acetic acid, 2-methyl-propyl ester

acetic acid, 2-methyl ester

acetic acid, pentylester

X | X|X|X|X

acetic acid, diethoxy-, ethyl ester

acetone

acetic acid, hydroxy-, ethyl ester

Benzaldehyde

x

benzene, 1-methyl-4-(1-methylethyl)-

x

benzoic acid

benzoic acid, ethyl ester

benzyl alcohol

butane, 1,1-diethoxy-3-methyl-

butanedioic acid, diethyl ester

butanedioic acid, hydroxy-, diethyl ester, (+/-)

XX | X|X|X

butanoic acid, 1,1-dimethyl-2-phenylethyl ester

butanoic acid, 2-hydroxy-3-methyl-, ethyl ester

x

butanoic acid, 3-methyl-, ethyl ester

Butyrolactone

cis 3-methyl-4-octanolide
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Cyclopentanone

decanoic acid, ethyl ester

decanoic acid, methyl ester

dibutyl phthalate

X[ X|X|X

dodecanoic acid

dodecanoic acid, ethyl ester

x

ethyl 9-decenoate

ethyl 9-hexadecenoate

formic acid

XX |X[X|X|X[X[X

formic acid, ethyl ester

Furfural

heptadecanoic acid

hexadecanoic acid, ethyl ester

hexanoic acid, ethyl ester

X | X[ X[X

limonene

X | X | X[ X[X

methane, diethoxy

methyl 2-furoate

n-capric acid, isobutyl ester

n-decanoic acid

n-hexadecanoic acid

octadecanoic acid

octanoic acid

octanoic acid, 3-methylbutyl ester

octanoic acid, ethyl ester

oleic acid

pentadecanoic acid

pentadecanoic acid, 3-methylbutyl ester

pentadecanoic acid, ethyl ester

Phenol

phenol, 2,6-dimethoxy-

phenol, 2-methoxy-

phenol, 4-ethyl-2-methoxy-

phenylethyl alcohol

p-menth-1-en-8-ol

propane, 1,1,3-triethoxy-

XX | X[ X|X]|X|X

propanedioic acid, diethyl ester

XXX |[X[X]|X]|X]|X

propanoic acid

propanoic acid, 2-hydroxy-, ethyl ester

x

propanoic acid, 2-oxo-, ethyl ester

x

propanoic acid, 3-ethoxy-, ethyl ester

propanone, 1-hydroxy-

tetradecanoic acid

X

X

X

tetradecanoic acid, ethyl ester

X

X

vanillin

X

X

* Compounds were identified based on the comparison of retention time with standards.
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Conclusions

A comparison of various sample treatment procedures for the isolation of vola-
tiles from wine distillates was performed. As expected, DI and HS method provide
sufficient repeatability in the narrow range from 3% to 6% for the most compounds
and relatively clean chromatograms. These simple sample preparation methods are
especially suitable for the determination of major constituents of wine distillates such
as acetates, linear and branched alcohols or ethyl esters of carboxylic acids. Sample
preparation methods based on extraction by solid phase SPE and SPME have showed
better selectivity toward volatile compounds. Surprisingly, the SPE method showed
the lowest RSD values for all identified compounds. However, these small RSD values
are in agreement with previously published data obtained for extraction of halogenated
volatile organic compounds from water samples [18].

On the contrary, the SPME method has provided the worst repeatability in compar-
ison with other studied sample treatment methods. Indeed, RSD values higher than 20%
were observed for the majority of selected compounds. This is caused by manual opera-
tion and large number of steps that are involved during sample preparation. Thus, it is
recommended to use proper internal standard in order to get reliable concentration data.
However, these methods except of the previously mentioned compound also allowed
extraction of terpenes, furans and their derivatives, furfural and its derivatives and other
compounds which could not be extracted by other studied sample treatment methods.
The most suitable sample treatment procedure seems to be liquid-liquid extraction to
dichloromethane followed by Kuderna—Danish solvent removal. The repeatability of
LLE-KD varies within the range of 10-20% which makes this sample treatment method
suitable for quantification purposes. Furthermore, repeatability can be improved by em-
ploying of proper internal standard. Moreover, more than 240 organic compounds have
been found in wine distillates produced by classical technology. The identified organic
compounds belong to different organic classes, e.g. ethyl esters of carboxylic acids,
linear and branched alcohols, aldehydes, carboxylic acids, furans and their deriva-
tives, phenolic compounds. LLE in combination with SPME provide possibility to
identify wide number of compounds belonging to various organic classes.

The number of organic compounds presented in wine distillate will allows dif-
ferentiating between wine distillates produced by classical technology and those pro-
duced by mixing of wine distillate with ethanol from other sources.

This research was supported by the Ministry of Education, Science, Research
and Sport of the Slovak Republic within the Research and Development Operational
Programme for the project “University Science Park of STU Bratislava”, ITMS
26240220084, co-funded by the European Regional Development Fund.
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CPABHUTEJIBHOE NCCJIIEJOBAHUE PA3JIMYHbBIX CITOCOBOB
MNPOBOIIOAT'OTOBKHA OBPA3LOB JJI5s1 XAPAKTEPUCTUKH
OPIAHUYECKHUX COEJIAHEHU B BPEH/IN

U. Ulnanex, O. Buisuypcra, K. Maxuwosa

AHHOTAIMSA

VI3ydeH cOCTaB JICTYyYHX COCAMHEHHH 19 pasiMYHBIX BHHHBIX IHCTHUIUISTOB METOJAaMH 'a30BOM
xpomarorpaduu (I'X) ¢ mramenno-nonmzarmonsbM (ITHJ]) n mace-cnekrpomerprdeckinm (MC) netek-
TUpoBanueM. MccnenyeMsle 00pa3ipl ObUTH pa3ielieHsl Ha J(BE IPYNIBI B 3aBHUCUMOCTH OT CIIOCo0a
MPOM3BO/ICTBA M Teorpaduueckoro MpouCXoKIeHus. JIeTanbHO H3YUCHO BIMSHUE PA3IMYHBIX CIIOCOOOB
MOJICOTOBKK Ha KOHEYHBIN COCTAB JIETKONETYYHX coeanHeHuit. [IpoBeaeHo cpaBHeHHe 3G ()EKTHBHOCTH
MPSAMOr0 MH)KEKTHPOBAHMS, aHAM3a PABHOBECHOTO Mapa, TBepaodasHoii sxcrpakiuu (TDI), TBepmo-
(a3HOIl MHKPOIKCTPAKIMH M JKHIKOCTh-KHIKOCTHON SKCTpakiuuu. Kpome TOro, moapoGHO H3ydeHO
BJIMSIHAE YCIIOBHIA MPEIBAPUTEILHOrO KOHIICHTPUPOBAHKSI KOMIIOHEHTOB: THIA COPOEHTA, TEMIIEPaTyphbl,
BPEMEHH U CrIoco0a yaaneHus pacTBOpHTeENs. Bocnpon3BoauMocTh crocoba IOAroTOBKU 00pasiia ore-
HHUBAJTM, CPAaBHMBAs IUIONIA/b MHKOB MPOU3BOJILHO BHIOPAHHBIX COCIMHEHHMIT T 4 MapauiebHbIX U3-
Mmepenuil. [TokazaHo, yTo HanOoIee BOCIPOU3BOAUMBIE PE3yIIBTAThI MOMyYeHb! B cirydae TAD ¢ nocne-
JYIOIMM TIPSMbIM MHKEKTHPOBAaHUEM HJIM aHAJIM30M PaBHOBECHOTO mapa. [Ipu »KMAKOCTb-KUIKOCTHON
9KCTPAKLMU M TBEPAO(pa3HOH MHKPOIKCTPAKIMHU HaOmonaercs 00ibluas BapHaOenbHOCH ILIOIaeH
ITMKOB, MO3TOMY ULl KOJIMYECTBEHHOTO OIpENETICHHs CIeyeT MCIHOIb30BaTh BHYTPEHHHH CTaHIAPT.
Hawubonee nomxozsiumii crocod npoOOnoAroToBKH 00pa3na, 00ecneYnBaloNii H3BIeYeHIE HAanO0b-
IIeT0 YUClIa COSAMHEHNH Pa3InyHbIX THIIOB, — 3TO XKUAKOCTh-KHUAKocTHAs skcTpakims CH,Cl,. B atom
cllydae M3 BUHHBIX JUCTHJUIATOB, POM3BEICHHBIX 110 KJIACCHYECKOH TEXHOJOTHH, OBLIO MPOIKCTparu-
posano 6onee 240 coequnenuit. Kpome Toro, T®D nokazana pa3nuyHylo CeJIEKTHBHOCTb, YTO MO3BOJISIET
OIIPEJIEIIATh COSMHEHHS, KOTOPbIE HE MOTYT OBITh M3BJICUECHBI IIPH JPYTUX PACCMOTPEHHBIX CrIocobax
POOOIIOArOTOBKH.

KuroueBble cjioBa: mpoOONOAroTOBKA, aHAIN3 PABHOBECHOIO Mapa, MHUAKOCTb-)KUAKOCTHAS KC-
TpaKLys, TBEpAO(a3Hask MUKPOIKCTPAKIMS, BUHHbIE JUCTHIUIATHI, OpeHH.
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