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Determination of volatile organic compounds in Kazakhstan red wine by headspace
solid-phase microextraction in combination with GC-MS

An analytical method for determination of volatile organic compounds (VOCs) in Kazakhstan red wine was developed
in this study. The volatile composition of red wine was determined by headspace SPME in combination with GC-MS.
The DVB/CAR/PDMS fiber and the sample volume of 10 mL were chosen. The optimal conditions for HS-SPME were
temperature of 30°C and extraction time of 60 s. Addition of 3 g NaCl and no pH adjusting were the most suitable pa-
rameters for extraction of VOCs from wine. The developed methodology enables to identify compounds referring to the
following classes such as esters, alcohols, aldehydes, acids, ketones and naphthalenes and can be applied for forensic
examination of Kazakhstan red wine.
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A.E. Yremesa, M.M. Ceprazuna, M.b. Anumxanosa, b.H. Kenecos
I'a3 pazacbiHaH KaTThI (ha3ajbl MUKpPoIKcTpakuusaMeH Oipaecken I'’X-MC spiciMeH Ka3aKCTaHABIK
KbI3bLJI IIAPANTAFbI YIIKBIII OPraHNKAJBIK KOCBLIBICTAPbI AHBIKTAY

OcChI )KYMBICTa Ka3aKCTaH/IbIK KbI3bUI IIAPANTAFbI YIIKBIII OPTaHUKAJIBIK KOCBUIBICTAP/IbI aHBIKTAY 9JIICI IIBIFAPbUIFaH.
KbI3bUT MmIapanTelH VIIKBIIT KypaMbl Ta3 (asacelHaH KarThl (a3aiabl MHKPOIKCTPAKIMSIMEH OipiieCKeH ra3
XpoMarorpagHsIChl —Macc-CIIeKTPOMETPHS dICiH KOIIaHy apKbUTbl aHBIKTaNI/Ibl. COpOIMsITBIK )a0biH 16! peTine JIBb/
Kap/TIAMC TaniibiFbl YChIHBUIBIMN, ChiHaMa kesieMi 10 vt Memiepinae anbiHasl. ['O-KOMD oHTaiisib xarmaiiapsl
petiaae 30°C temmeparypa sxoHe 60 cekyHa yakwIT aibiHael. NaCl Ty3slH 3 T MeJmiepiHae KOCy 3KCTPaKIHsI
TUHIMILTITIHE KaFBIMIBI dcep eTTi. pH-ThI peTTey KakeTTiniri 0onraH koK. [Ibirapbutran omicteMe Kypaerni adupiep,
CIIUPTTEP, albACTUATED, KBIIIKBUIAAP, KETOHIAP KOHE HA(TaIMHACP CHSKTHI KOCBUIBICTAP KIACTAPhIH aHBIKTAyFa
MYMKIHIIK Oep/Ii jKoHE JKacalFaH TY)KbIpbIMIAp OONBIHINIA Ka3aKCTAHBIK KbI3bLT LIAPANTHI capanTtay/a KOJIaHbLTYbI
MYMKIH.

Tyiiin cesnep: Kp13b11 mapar, I'O-KOMD, I'X-MC, yIksIi opraHuKaiblK KOChLIBICTAp.

A.E. Yremesa, M.M. Ceprasuna, M.b. Anumxkanosa, b.H. Kenecos
OnpeneJieHne JeTY4YHX OPraHUYECKUX COeIMHEHNI B cocTaBe KPpacHbIX KazaxcTaHCKUX BUH MeTOAOM
napodasnoii TBeparodasHoii MuKkposIKkcTpakuuu B coderannu ¢ '’X-MC

Bbut pa3zpaboTaH aHATUTHYECKUN METOI OMpEeleicHUs JieTyuux opranumdeckux coemunenuit (JIOC) B kpacHoM
Ka3aXCTaHCKOM BHHE. KOMITOHEHTHBIN COCTaB BHH ONPEISIISUTH METO/IOM apoda3Hoi TBepA0(ha3HOH MUKPOIKCTPAKIINT
(TIO-TOMD) B coueranun ¢ I'’X-MC. Bouio Beibpano BosokHo DVB/CAR/PDMS, u o6bem npoObr — 10 miL.
OnrumansibiMu yeaoBusaMu 1iist [IO-TOMD 6eum Temneparypa 30°C u Bpemst sxcrpakiun 60 cekyna. JlobaBnenne
Tpex rpamMm NaCl siBisieTcst Hanbosee TOAXOSIIIM ITapaMeTPOM JUTSI AKCTPAKIINH JIETYIHX OPraHUIECKUX COSANHEHHUH
13 BHH, a TaKXKe He TpeOyeT peryanposanus ypoBHs pH. Pa3spaboTaHHbI MeTO/ TO3BOJISIET ONPEAEIATh COSIUHEHNMS,
OTHOCSIIIIUECS K TAKMM KJIaccaM, KaK CJIOKHBIE (HPBI, CHIUPTHI, aJIbJICTH/IbI, KHCIIOTHI, KETOHBI M HA()TaJIHHBI, H MOXKET
OBITh IPUMEHEH B KPUMHHAIMCTHIECKOH IKCIIEPTH3€ KPACHOTO Ka3aXCTaHCKOTO BUHA.

KuroueBsie cioBa: xpacHoe BuHO, [ID-TOMD, I'X-MC, netyune opraHIIeCcKHe COSTHHCHUSL.

1 Introduction as a consequence the levels of its production are ris-

ing as well [1]. Marketing research shows that an

The consumption of wine is rising in Asian re- overwhelming number of Kazakhstan wine consum-
gion and becoming more popular in Kazakhstan and ers prefer domestic producer [2]. The increasing de-

Becrauk KasHY. Cepus xummaeckas. Ned (72). 2013



A.E. Utesheva et al 153

mand for this alcoholic product causes urgent need to
develop methods of its quality control.

There are a large number of rapid and simple in
performance methods for the analysis of the quality
of wine abroad but in our Republic such methodol-
ogy is not yet available.

Because of the various factors affecting the
component composition of wine and the complexity
of wine as a matrix for investigation, its analysis re-
quires a special method of pre-concentration. Vari-
ous methods of sample preparation were used for
the analysis of wines at different time such as liq-
uid-liquid extraction (LLE) with dichloromethane
or its mixture with pentane, solid phase extraction
(SPE) [3] and solid-phase microextraction (SPME)
[4-6]. As there are a lot of purposes of wine analy-
sis, a variety of techniques and methods have been
developed for their investigation. Depending on the
substances to be identified analysis of the wines is
carried out by two analytical methods such as gas
(GC) and liquid (HPLC) chromatography. Thus the
determination of volatile and semi-volatile organ-
ic compounds is carried out by GC while pheno-
lic compounds and PAHs are identified by HPLC
[7, 8]. Elemental analysis using mass spectrometry
with inductively coupled plasma (ICP-MS) also
takes place [9, 10].

GC is the most widespread method for wine
analysis due to its high informativity. The following
classes of compounds can be identified by means
of GC such as esters, alcohols, aldehydes, ketones,
acids, acetals, furans, lactones, terpenes, sulfur and
nitrogen containing volatiles, all together these
compounds are commonly called volatile aroma
forming or just aromatic fraction (profile) of wines.
SPME simplifies the process of sampling and sam-
ple preparation, reduces analysis time, completely
eliminates the use of organic solvents and reduces
financial costs. HS-SPME in combination with GC
allows not only qualitatively but also quantitatively
determining a wide range of substances in wines.

The goal of this study was to develop method
based on HS-SPME for analysis of red wines of Ka-
zakhstan origin.

2 Experimental
2.1 Sample description

Method optimization was carried out on a
commercial table semi-sweet red wine “Bacchus”
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(Kazakhstan, JSC «Bacchusy, alcohol content of
10.0-12.0 %) which was collected directly from the
brand store of manufacturer. Wine sample was in its
original bottle and was refrigerated until the time
of analysis. This wine was selected as the object of
study due to its great demand comparing to other
wines produced in Kazakhstan [2].

2.2 Analytical reagents and supplies

Sodium chloride, NaCl (reagent grade) was pur-
chased from JSC “Reaktiv”’ (Novosibirsk, Russia),
was baked out at 150°C for 2 hours prior to analysis
to desorb VOCs; sodium hydroxide, NaOH (reagent
grade) and hydrochloric acid, HCI (reagent grade)
which were also purchased from JSC “Reaktiv”
(Novosibirsk, Russia). Helium (99.995% grade)
(Orenburg, Russia) was used as the carrier gas in
the GC system.

SPME fibers were obtained from Supelco
(Bellefonte, PA, USA): divinylbenzene/Carboxen-
polydimethylsiloxane (DVB/CAR/PDMS) and 100
um PDMS. Prior to analyses, the fibers were con-
ditioned at the manufacturer’s recommended con-
ditioning temperature. Clear screw cap vials for SPME
(20 mL) with the polytetrafluoroethylene (PTFE)/sili-
cone septa were purchased from Agilent (USA).

2.3 Equipment

GC-MS  analysis were performed on
7890A/5973N system (Agilent Technologies, USA)
equipped with Combi-PAL autosampler (CTC Ana-
lytics AG, Switzerland). Chromatographic separa-
tion was done using 30 m x 0.25 mm DB-35MS col-
umn having film thickness 0.25 micron and work-
ing at a constant flow rate of carrier gas (helium)
of 1 mL/min. GC inlet worked in splitless mode at
240°C, purge activation time was set to 5 min. Oven
temperature was programmed from 40°C (held for
2 min) to 180°C at a heating rate of 2°C /min, fol-
lowed by heating to 240°C at 10°C /min. GC run
time was 78 minutes. Detection was performed in
scan mode (m/z 34-300). Temperatures of MS in-
terface, source and quadrupole were set to 240, 230
and 150°C, respectively. All collected chromato-
grams were integrated, total peak area and areas of
each peak were calculated, peaks were identified.
Wine compounds were identified using collected
mass spectra and Wiley 7% edition and NIST’08 MS
libraries.
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During the pH modification experiments, pH
was controlled using I-160 MI pH-meter (“Izmer-
itelnaya Technika” LLC, Russia).

2.4 Optimization of SPME conditions
The initial experiments for method optimiza-
tion were performed placing 8 mL of red wine

into 20 mL vials keeping sample under continu-
ous stirring at 500 rpm. Pre-incubation time was

Table 1 — Wine samples

set to 5 min and thermal desorption into GC injec-
tor was carried out for 2 min at 240°C (except for
experiments with optimization of ionic strength
and pH).

2.4.1 Fiber selection
Selection of the optimal fiber coating was car-

ried out by analyzing 2 different wine samples (Ta-
ble 1).

The name and type of the wine Producer and country of manufacture; L Date of
Sampling city | Volume, L .
[alcohol content, %] sampling
Staryy Tbilisi”, table semisweet red | LLC Thef’Georglgn Wines and Spirits Almaty 0.750 25.12.2012
Company”, Georgia, [11,5%]
“Bacchus”, table semisweet red* JSC «Bacchusy, Kazakhstan, [10-12%] Almaty 0.750 07.03.2013

*Method optimization was carried out using this wine sample.

The performance of each fiber described in 2.2
was determined based on the number of identified
compounds and their peak areas. Extraction was
carried out at 40°C for 2 min. The optimal fiber was
chosen and was subsequently used in all further ex-
periments.

2.4.2 Sample volume experiments

Experiments on determination of the optimal
headspace to sample volume ratio were carried out
by filling 20 mL vials with different wine sample
volumes: 3, 5, 8, 10 and 13 mL. Prepared samples
were extracted at 40°C for 5 min. Optimal ratio was
determined and then was subsequently used in all
further experiments.

2.4.3 Optimization of extraction temperature
and time

To determine the optimal extraction time, wine
samples (10 mL in 20 mL vials) were extracted at
40°C using DVB/CAR/PDMS fiber for 10, 20, 30,
40, 60, 100, 120, 180, 240, 300 and 600 s.

To determine the optimal extraction tempera-

ture, wines samples (10 mL in 20 mL vials) were
extracted by DVB/CAR/PDMS fiber for 5 minutes
at 30, 35, 40 and 45°C. Higher temperatures were
not studied to avoid changes in chemical composi-
tion of wine.

2.4.4 Optimization of ionic strength and pH

Effect of strong electrolyte additive was stud-
ied by adding 0; 0.5; 0.7; 1.0; 3.0 and 5.0 g of NaCl
to 10 mL of red wine placed into 20 mL vials. The
following SPME parameters were used: DVB/
CAR/PDMS fiber; temperature 40°C and extrac-
tion time 5 min; pre-incubation and desorption
time 5 min.

pH modification was conducted by adjust-
ing wine’s actual pH level to different pH values
by adding 1M HCI or NaOH solutions to 10 mL
portion of table semisweet red wine placed into
20 mL glass vial. Extraction from the headspace
above the samples was conducted using DVB/
CAR/PDMS fiber coating at 40 °C for 1 min. Pre-
incubation and desorption times were 5 and 2 min,
respectively.

Becrauk KasHY. Cepus xummaeckas. Ned (72). 2013



A.E. Utesheva et al 155

3 Results and discussion

3.1 Fiber selection

Table (2) below indicates the difference in ex-
traction efficiency of two different fiber coatings on

example of two table semisweet red wine of differ-
ent origin country. In the wine samples were identi-
fied of different classes compounds: ethers (1-33),
alcohols (34-38), aldehydes (39-40), acids (41-42),
monoterpenes (43) styrenes (44), ketones (45-47),
naphthalenes (49).

Table 2 — Compounds identified in Georgian and Kazakhstan wine using different fiber coatings

Peak area, M a.u.
Retention Georgian wine Kazakhstan wine
time, min Compound
DVB/ PDMS DVB/ PDMS
CAR/PDMS 100 CAR/PDMS 100 p
2.34 Ethyl Acetate 21.8 8.3 65.7 30.7
3.52 Propanoic acid, ethyl ester - - 0.6 0.7
4.31 Propanoic acid, 2-methyl-, ethyl ester 1.9 1.0 5.0 5.0
4.80 Acetic acid, 2-methylpropyl ester - - 1.1 1.4
5.72 Butanoic acid, ethyl ester 1.2 1.5 9.0 7.4
6.24 Acetic acid, butyl ester - - - 0.4
6.73 Propanoic acid, 2-hydroxy-, ethyl ester 8.8 3.1 19.1 4.6
7.17 Butanoic acid, 2-methyl-, ethyl ester 0.8 0.6 1.1 1.7
7.43 Butanoic acid, 3-methyl-, ethyl ester 1.2 0.7 1.8 1.8
8.67 1-Butanol, 3-methyl-, acetate - 6.9 114.9 423
11.39 Hexanoic acid, methyl ester - - - 0.2
15.75 Hexanoic acid, ethyl ester 60.4 30.5 136.8 53.6
16.76 Acetic acid, hexyl ester - - 17.8 4.4
22.29 Heptanoic acid, ethyl ester - - 1.0 0.8
23.39 Acetic acid, heptyl ester - - 0.2 -
24.25 Octanoic acid, methyl ester 0.3 - 1.8 1,3
25.02 Ethyl sorbate 22.7 3.8 - -
29.00 Octanoic acid, ethyl ester 150.6 26.5 692.5 382.1
32.14 Butanedioic acid, diethyl ester 50.4 17.7 13.8 6.8
32.75 Methyl salicylate 0.2 0.3 - -
35.23 Propyl octanoate - - 0.4 -
35.54 Nonanoic acid, ethyl ester - - 1.4 0.6
37.50 Decanoic acid, methyl ester - - 1.1 0.4
37.73 Acetic acid, 2-phenylethyl ester 1.0 - 6.5 2.7
38.28 n-Caprylic acid isobutyl ester - - 0.9 0.6
41.76 Decanoic acid, ethyl ester 37.8 154 318.8 198.8
42.20 4-Decenoic acid, ethyl ester - - 19.3 16.5

ISSN 1563-0331
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156 Determination of volatile organic compounds in Kazakhstan red wine by headspace solid-phase ...
44.58 Isoamyl octanoate / Octanoic acid, 0.3 - - 3,4
3-methylbutyl ester
47.35 Butanedioic acid, diethyl ester / Diethyl - 0.6 - -
succinate
50.24 n-Capric acid isobutyl ester - - 0.5 -
53.56 Dodecanoic acid, ethyl ester 0.4 0.6 7.2 2.5
64.22 Tetradecanoic acid, ethyl ester - 0.9 - -
73.59 Hexadecanoic acid, ethyl ester 2.4 - 14 -
2.39 Isobutyl alcohol / 1-Propanol, 2-methyl- 10.6 - 26.8 -
2.82 1-Butanol - - - 0,5
3.97 Isoamyl alcohol / 1-Butanol, 3-methyl- 155.2 67.3 2259 112.4
8.58 1-Hexanol 0.8 - 1.3 -
31.87 3-Cyclohexene-1-methanol, a,0,4-trimethyl- |- - 0.4 -
6.26 Hexanal 0.3 - - -
56.02 Hexanal, 3-methyl- 0.5 - - -
2.70 Acetic acid 1.8 9.5 16.6 -
24.19 Hexanoic acid, 2-methyl- - 1.7 - -
34.41 Vitispirane - 2.1 - -
39.22 Benzene, 1-methoxy-4-(1-propenyl)- - 0.4 - -
22.81 2-Nonanone 0.6 0.3 - -
25.36 Acetophenone 0.8 - - -
34.50 2(1H)-Naphthalenone, 3,4,4a,5,6,7- 4.7 - - -
hexahydro-1,1,4a-trimethyl-
41.48 Naphthalene, 1,2-dihydro-1,1,6-trimethyl- 2.2 1.6 - -

PDMS fiber identified only 30 volatile com-
pounds in Kazakhstan wine comparing to DVB/
CAR/PDMS that extracted 35 components. DVB/
CAR/PDMS fiber had advantage at extracting
greater number of polar compounds such as alde-
hydes, alcohols and ketones. Moreover, the peak
areas of compounds extracted by PDMS fiber pre-
sented the low values, showing that PDMS fiber is
not recommended for further quantitative analysis
method development.

DVB/CAR/PDMS proved to be more suitable
for analysis of wine of Kazakhstan origin.

3.2 Sample volume

Optimization of sample to headspace ratio can
provide improved sensitivity. From practice, each

analyte has its own optimal headspace to sample
ratio. The goal of the experiment was to establish
sample to headspace ratio that provides highest
total peak area of wine VOCs using SPME-GC-
MS.

According to the obtained results, increase of
sample volume from 3 to 10 mL leads to 20% in-
crease of the total peak area followed by its slight
(5%) decrease.

Increase of sample volume from 3 to 10 mL
leads to a linear increase of peak area of most
analytes (Figure 1) followed by a slight decrease.
Peak areas of the heaviest compounds, e.g., ethyl
dodecanoate (Figure 1), increase linearly over the
all studied range (3-13 mL). It can be due to the
decreased distance between surfaces of sample and
fiber coating leading to a faster extraction process,
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especially for compounds having lower volatility
and diffusion coefficients.

Another advantage of higher sample volume is
a decrease of air volume in contact with sample sur-
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2 2 [] ]
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©
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00 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14

Sample Volume (mL)

face that allows minimizing sample oxidation dur-
ing extraction.

Sample volume 10 mL was chosen as optimal
and used in further experiments.

30 -

25

15

10

Peak area, x10°

Sample Volume (mL)

Figure 1 — Effect of ratio of the headspace to the sample volume on responses of individual compounds present in wine sample.
Note: 1 — methyl decanoate, 2 — ethyl nonanoate, 3 — naphthalene, 1,2-dihydro-1,1,6-trimethyl-, 4 — ethyl dodecanoate, 5 — diethyl
succinate, 6 — ethyl 9-decenoate

3.3 Optimization of extraction conditions
3.3.1 Optimization of extraction time

Increase of SPME time typically increases the
response of analytes and hence decreases their
detection limit. However, it is necessary to take
into account the fact that the increase in the re-

450
400 |
350 |-
300 |-
250 -
200 -

150

Peak Area, x10°®

100 -

sponse of analytes can lead to an overload of the
fiber coating and/or mass spectrometer.

According to the obtained results (Figures
2), increase of extraction time leads to the in-
crease of total peak area of wine VOCs. The
effect is more pronounced for the least volatile
analytes, e.g. ethyl 9-decenoate and ethyl dec-
anoate.

50

f

100 200

400 500 600

Time (seconds)

Figure 2 — Effect of extraction time on responses of individual wine VOCs. Note: 1 — ethyl butanoate (x10), 2 — ethyl hexano-
ate, 3 — ethyl 9-decenoate (x10), 4 — ethyl decanoate
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According to the literature data, when adsorp-
tive fiber coatings are used, it is recommended to
select extraction time lower than equilibrium is es-
tablished. In this case analyte displacement due to
competitive effect is avoided and the method repro-
ducibility is increased.

The goal of another experiment was to study
the effect of extraction time in the range be-
tween 10 and 180 sec. The following extraction

350 -
300 -
250 -
200 -
150 |-

100 |-

Peak Area, x10°

times were tested: 10, 20, 30, 40, 60, 100, 120
and 180 sec. According to the obtained data, to-
tal peak area increases in the whole range of ex-
traction time. However, peak areas of individual
compounds behave differently (Figure 3). Most
volatile compounds are equilibrated after 60 sec
SPME while responses of the least volatile com-
pounds almost linearly increase in the studied

range.

30 35

40 45

Temperature (°C)

Figure 3 — Effect of extraction time on responses of individual wine VOCs. Note: 1 — ethyl hexanoate, 2 — isoamyl alcohol,
3 — ethyl decanoate, 4 — ethyl octanoate

Extraction time of 60 seconds was selected as
optimal for SPME of VOCs from wine samples as it
allows minimizing fiber overload along with maxi-
mum response of analytes.

3.3.2 Optimization of extraction temperature

During extraction of VOCs from headspace
above sample, increase of the temperature can lead
to substantial increase of SPME efficiency due to
increase in vapor pressures of analytes. The goal of
this experiment was to study the effect of tempera-
ture on the extraction efficiency of wine VOCs from
headspace above samples. Temperatures higher than

45°C were not tested to avoid thermal decomposi-
tion of analytes.

According to the obtained data, increase of ex-
traction temperature from 30 to 35 °C leads to 30%
increase in total peak area followed by its further
gradual decrease. Maximum total peak area was ob-
served at 35°C. Considering the effect of extraction
temperature on responses of individual compounds
(Figure 4) present in wine sample it is seen that ex-
traction efficiency of highly volatile compounds de-
creases due to reducing of distribution coefficient
between the gas phase and the fiber coating but for
the least volatile compounds such as ethyl 9-dec-
enoate and ethyl decanoate it increases.
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Figure 4 — Effect of extraction temperature on responses of individual wine VOCs. Note: 1 — ethyl butanoate (x10), 2 — ethyl
hexanoate, 3 — ethyl 9-decenoate (x10), 4 — ethyl decanoate

When choosing the optimal temperature for HS-
SPME preference is given to a temperature of 30°C as
it allows observing the same amount of compounds as
the other tested temperatures. There might be side re-
actions in the liquid phase and on the fiber conditioned
by further temperature increase. The other advantage
of the selected temperature is proximity to room tem-
perature which simplifies the extraction process allow-
ing to work without the autosampler and significantly
expands the applicability of techniques in the practice
of forensic examination. Therefore the temperature of
30°C was chosen as an optimum.

Peak area, x10°

0.0 1 1 1 1 1 1
0 1 2 3 4 5

Mass of NaCl (grams)

3.4 Optimization of the matrix conditions
3.4.1 Strong electrolyte additive

According to the results (Figure 5), addition of
3 g NaCl to wine sample leads to 65% increase in
total peak area as well as in value of peak area of in-
dividual compounds. Further increase of NaCl mass
added to the sample leads to a decrease of total peak
area and peak areas of most peaks due to saturation
of sample with salt.

70 -
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40

Peak area, x10°

20 -

0 1 1 1 1 1 1

0 1 2 3 4 5
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Figure 5 — Effect of the amount of strong electrolyte added onto peak areas of individual wine VOCs. Note: 1 — methyl decano-
ate, 2 — ethyl nonanoate, 3 — ethyl heptanoate, 4 — ethyl lactate, 5 — vitispirane, 6 — diethyl succinate
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Thus, addition of 3 g of sodium chloride to red
wine samples was selected as optimum.

3.4.2 Effect of pH

Extraction efficiency of ionic species may be
increased by pH modification. Wine samples are
slightly acidic. For the selected wine sample pH
was measured to be 3.05. By theory, most efficient
extraction of acidic compounds is achieved at low
pH. The goal of the experiment was to establish the
optimal pH for most efficient SPME of VOCs from
wine samples.

According to the obtained results, total peak

200

150

o
S
T

Peak Area, x10°®
3
T

area in pH range between 2 and 9 remains virtu-
ally constant followed by a rapid decrease when pH
becomes 11.

However, response of ethyl decanoate rapidly
decreases when pH becomes less than 6 (Figure
6). For most analytes the highest response was ob-
served at pH 7 (Figure 12). Slight changes in chemi-
cal composition of pH-modified wine samples were
observed. That can be caused by chemical equilib-
rium shift in samples leading to undesirable pro-
cesses.

Taking into account this fact, it was decided to
analyze samples of red wine at their original pH lev-
els.

50
40
30 -

20

Peak Area, x10°®

Figure 6 — SPME-GC-MS peak area of individual compounds depending on wine sample pH: 1 — isoamyl alcohol; 2 - ethyl dec-
anoate; 3 - ethyl acetate; 4 - 2-methyl-1-propanol; 5 - hexyl acetate

4 Conclusions

Thus, the following results were obtained for
Kazakhstan red wine analysis. Experiment with
samples of wine of different origin country showed
that for analysis of Kazakhstan red wine DVB/CAR/
PDMS 50/30 pm is more sensitive than PDMS-
100. Due to maximum response of analytes at 10
mL that volume was chosen as optimum ratio of the
headspace to the sample volume. A temperature of
30°C was selected as an optimum. Since we used
DVB/CAR/PDMS coating and its effective oper-
ating range is interval before reaching equilibrium
it was decided to analyze red wine samples at ex-
traction time of 60 s. Several matrix modification
experiments were carried out. Three grams of so-
dium chloride were chosen as an optimum as their

addition positively affects extraction efficiency. It
was decided to analyze samples of red wine at their
original pH level since pH modification slightly in-
creases extraction efficiency. The developed meth-
odology can be applied for forensic examination of
Kazakhstan red wine samples as it gives the great
amount of information collected about the sample
composition.
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