102 KVASNY PRUMYSL
ro¢. 54 /2008 — &islo 4

EXTRAKCE NA MICHACI TYCINCE — NOVA MOZNOST PRI ANALYZE
NEKTERYCH SENZORICKY AKTIVNICH LATEK V PIVU

STIR BAR SORPTIVE EXTRACTION — NEW APPROACH FOR THE
DETERMINATION OF SOME BEER FLAVOURS

TOMAS HORAK, JIRI CULIK, MARIE JURKOVA, PAVEL CEJKA, VLADIMIR KELLNER

Vyzkumny Ustav pivovarsky a sladarsky, a. s., Pivovarsky Ustav Praha, Lipova 15, 120 44 Praha 2 / Research In-
stitute of Brewing and Malting PLC, Brewing Institute Prague, Lipova 15, CZ-120 44 Prague 2, Czech Republic;
e-mail: horak@beerresearch.cz

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V.: Extrakce na michaci tyéince — nova moznost pfi analyze nékterych sen-
zoricky aktivnich latek v pivu. Kvasny Prum. 54, 2008, ¢. 4, s. 102-107.

Ke stanoveni senzoricky aktivnich latek v pivu se pouzivaji analytické metody, které vyzaduji Upravu vzorku. K tomu se vyuzivaji techniky
zaloZené na extrakci v systému kapalina-kapalina, extrakci na pevné fazi (SPE) nebo destilaéni postupy. V posledni dobé se stavaji popu-
larnimi mikroextrakéni metody, jako napf. mikroextrakce na pevné fazi (SPME) nebo extrakce na michaci ty¢ince (SBSE).

Tato prace se zabyva vyuzitim extrakce na michaci ty€ince pfi stanoveni nékterych senzoricky aktivnich latek v pivu. Pouzita byla michaci
ty¢inka (10 mm dlouhd, o prdméru 1,3 mm) pokryta polydimethylsiloxanem od firmy Gerstel GmbH, komeréné nazyvana Twister. Twister byl
vlozen pfimo do vzorku piva a michan. Poté byl Twister vyjmut, oplachnut destilovanou vodou a eluovan 200 pl organického rozpoustédia.
Nakonec byl ziskany extrakt analyzovan metodou plynové chromatografie. Prace obsahuje pracovni charakteristiky optimalizované metody.

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V.: Stir Bar Sorptive Extraction — New Approach for the Determination of
Some Beer Flavours. Kvasny Prum. 54, 2008, No. 4, p. 102—107.

For the determination of beer flavours well-established methods require sample preparation steps such as liquid/liquid extraction, solid
phase extraction or distillation techniques. During the past years the microextraction procedures become popular e. g. solid phase microex-
traction (SPME) or stir bar sorptive extraction (SBSE).

This work presents the simple and rapid possibility of the determination of some beer flavours using stir bar sorptive extraction. A com-
mercially available small stir bar (10 mm length, 1,3 mm OD) is coated with polydimethylsiloxane and produced by Gerstel GmbH and it is
known as Twister. The Twister is placed directly in the beer sample and stirred. Then the stir bar is removed, rinsed with distilled water and
eluted with 200 pl of organic solvent for gas chromatographic analysis. Validated parameters of the optimised method are shown in this work.

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V.: Extraktion auf dem Riihrstibchen — eine neue Méglichkeit bei der Ana-
lyse von sensorisch aktiven Stoffen im Bier. Kvasny Prum. 54, 2008, Nr. 4, S. 102-107.

Zur Bestimmung von sensorisch aktiven Stoffen im Bier werden eine analytische Methoden angewandt, die eine Musteranpassung be-
dirfen. Zur Musteranpassung werden verschiedene Technik angewandt: die Extraktion im System Flussigkeit-Fllissigkeit, Festphasenex-
traktion (SPE) oder ein Destillationsverfahren. In der letzten Zeit sind Mikroextraktionsvefahren, z. B. Mikroextraktionsvefahren auf der festen
Phase (SPME) oder Extraktion auf dem Rihrstdbchen (SBSE) beliebt geworden.

Im diesen Artikel wird die Extraktion auf dem Rihrstédbchen bei der Feststellung von sensorisch aktiven Stoffen im Bier beschrieben. Es
wurde ein Rihrstédbchen (10 mm lang, Durchmesser 1,3 mm), bedeckt von Polydimethylsiloxan von der Firma Gerstel GmbH, kommerziell
gennant ,Twister® angewandt. Twister wurde ins Bier getaucht und gerthrt. Danach wurde Twister aus dem Bier ausgehoben, mit destillier-
tem Wasser gespllt und eluirt mit 200 pl organischer Lésung. Der gewonnene Extrakt wurde schlieBlich durch die Methode der Gaschro-
matographie analysiert. Der Artikel enthélt eine Arbeitscharakteristiken der optimalisierten Methode.

Mopak, T. — Yynuk, N. — lOpkoBa, M. — Yeiika, . — KennHep, B.: AKCTpaKLUMs Ha CMECUTENBHOM CriepXXeHble — HOBasi BO3MOXHOCTb
npu aHanu3e HEKOTOPbIX CEHCOPMYECKU aKTUBHbIX BewecTs B nuBe. Kvasny Prum. 54, 2008, Ho. 4, ctp. 102—-107.

[lna onpefeneHns CeHCopMHeCcKn aKTUBHbBIX BELLECTB B NMBE UCMOSb3YIOTCA aHannTM4eckue Metoaa, npeaytoLme noagroToBKy npoobbl.
K 9TOMy MCNONb3ylOTCA TELHUKN OCHOBAHHBIE HA SKCTPaKLMKU B CUCTEME XNAKOCTb—KUAKOCTb, IKCTPaKLmm Ha TBépaon dase (SPE) nnu
ONCTUNNAUMOHHBbIE MeToAda. B nocnegHee Bpemsi MPOMCXOAAT U3BECTHLIMU MUKPOIKCTPaKLUM — OHHbIE MeTOoAa, Hanp. MUKPO3KCTPaKLUms
Ha TBépaon hase (SPME) nnun akcTpakumsa Ha cMmecuTenbHoM cnepxxeHbe (SBSE). CtaTb 3aHumaeTcsa ucnonb3oBaHnem SBSE ans
onpefeneHns HeKOTOPbIX CEHCOPUYECKM aKTMBHbIW, BelwecTB B nuee. Mcnonb3oBancsd cMecuTesnbHbIn cTepXeHb(10 MM ANVHHOR,
AvameTtpa 1,3 MM MOKpbITEIA nonuaumeTuncunokcaHom Twister oT cdoupmmn Gerstel GmbH. Twister BctaBeH npsimo B npoby u nocne
CMeLuVBaHus BbIOpaH, OMOSOCHbIM MEepPeroHHonW BOZOW K antovpoBaH 200 [N OpraHM4eckoro pacTBOpuUTesbs. MOMyYeHHbI 3KCTPaKT
aHanusmpoBsarcs ra3oson xpomartorpaduen. CtaTb cogepxaeT paboyme xapakTepucTUKy ONTUM3MPOBAHHOIO METOAa.
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i 1 INTRODUCTION
1 UvVOD
Beer consists from a lot of volatile and also non-volatile compounds

Je znamo, ze pivo obsahuje velké mnozstvi senzoricky aktivnich la-
tek. Jde o tékave i netékavé latky (bylo jich identifikovano pfes 800),
jejichz koncentrace ale nic nefika o vyznamu této slouceniny ve vztahu
k senzorickym vlastnostem finalniho vyrobku. Teprve porovnani jeji
koncentrace s koncentraci prahovou muize dat poZzadovanou informaci
[1]. Pfekroceni prahové hodnoty jedné nebo vice latek bézné se vy-
skytujicich pod prahovou hodnotou se miZe projevit jako senzoricka
zavada. Ale i pfili§ nizkd koncentrace nékteré ze zakladnich chuto-
vych sloZek nebo i Uplna absence této latky mize negativné ovliviio-
vat vyslednou chut a vini piva [2]. Je pochopitelné, Ze celkovy sen-
zoricky profil piva se kromé ceny a obalu rozhodujicim zplsobem podili

(more than 800 were identified yet) which impact beer favour. Meil-
gaard discussed the influence of chemical composition on the flavour
of beer. The comparison of the concentration of compound and it’s -
threshold concentration can give an answer about it’s exert influence
up beer flavour [1]. Overloading threshold concentration of one or
more compounds usually occurring under threshold level can cause
sensory defect. On the other hand a very low concentration of some
basic flavour or it’s total absence can also negatively impact beer fla-
vour [2]. Beer flavour as combination of odour and taste is a very im-
portant factor in a product quality image. The total sensory profile of
beer has the main role, of price and wrapping, in the success of this
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na Uspéchu piva na trhu. DlleZita je také stalost tohoto profilu, kdy
zakaznik nesmi byt zklaman koupi téhoz vyrobku po urcité dobé.

Z téchto duvodl se vénuje pozornost analytickému stanoveni ob-
sahu nékterych vyznamnych skupin senzoricky aktivnich latek. Jed-
nou z nich jsou estery, jejichz pfevazna ¢ast se tvofi pfi hlavnim kva-
Seni a vétSinou se vyznaluji pfijemnou vini pfipominajici nékteré
druhy ovoce. Podle Arkima a Jounela-Erikssona se estery podileji na
celkovém arématu piva asi jednou pétinou [3].

K analytickému stanoveni senzoricky aktivnich latek se pouzivaji
hlavné metody plynové chromatografie. K pfipravé vzorku se vyuzi-
vaji klasické postupy jako headspace technika, prekoncentraéni me-
tody purge-and-trap, destilacni postupy, extrakce v systému kapalina-
kapalina nebo extrakce na pevné fazi [4-9].

Vhodnou alternativou ke klasické headspace technice vyraznym
zplsobem snizujici pofizovaci néklady je mikroextrakce na pevné fazi
(SPME). Koncept této techniky byl navrzen v prvé poloviné devade-
satych let Januszem Pawliszynem na University of Waterloo (Ontario,
Kanada). Jde o sorpéné-desorpcni techniku. Jeji princip spociva v na-
neseni malého mnozstvi sorbentu na vidkno z kfemenného skla.
Viakno se ponofi do vzorku nebo do plynné faze nad vzorkem. Po
ustanoveni rovnovahy se viakno vytdhne ze vzorkované matrice a viozi
se do nastfikového prostoru plynového chromatografu. Latky zachy-
cené na sorbentu tepelné desorbuji a jsou undSeny nosnym plynem
na kolonu chromatografu, kde dochazi k jejich separaci. Pfi prichodu
septy vzorkovnice a chromatografu se viakno zatahne do jehly, ktera
je chrani proti mechanickému poskozeni. PFi vzorkovani a chromato-
grafické analyze je vlakno z jehly vysunuto. Jde o rychlou, jednodu-
chou metodu nevyzaduijici jakéhokoli pouZiti rozpoustédla [10, 11, 12].

V pivu byly SPME metodou stanoveny nékteré alkoholy, estery, di-
methylsulfid, vicinalni diketony, mastné kyseliny nebo karbonylové
latky [13, 14, 15, 16, 17, 18].

DalSim rozvojem mikroextrakénich metod vyuzivajicich jako ex-
trakéni médium polydimethylsiloxanovou fazi se zabyval Baltussen
a kol. [19]. Na zakladé tohoto vyzkumu predstavil novou extrakéni
techniku — extrakci na michaci ty¢ince (SBSE z anglického stir bar
sorptive extraction). Tato technika je zaloZzena na stejnych principech
jako mikroextrakce na pevné fazi, ale tim, Ze je pouzito podstatné
vét8i mnozstvi polydimethylsiloxanové faze (50-300 pl), dochazi k vy-
razné vétSimu obohaceni organickych slou€enin z extrahované ma-
trice a v dlsledku toho vzrista citlivost 100 az 1000krat.

V praxi je tedy magneticka ty¢inka zatavena do skla, sklo je deak-
tivovano a pokryto polydimethylsiloxanovou fazi. Vyrobu si vzala pod
sva kfidla firma Gerstel, a prodava je pod nazvem Twister. K dispo-
zici jsou rGzné druhy Twistert — délka 10 mm s tloustkou faze 0,5 mm
nebo 1,0 mm, dale v délce 40 mm opét s tloustkou faze bud 0,5 mm
nebo 1,0 mm. Ve vSech pfipadech je vnéj$i primér michaci ty€inky
3,2 mm. Twister o délce 10 mm se obvykle pouziva pro extrakci z ob-
jemu 1-50 ml, o délce 40 mm pro extrakci z objema 100-250 ml [20].

Extrakce probiha velmi jednoduSe. Twister se vlozi pfimo do vzorku
a necha se michat po dobu 30-120 min. Béhem této doby dochazi
k rozdéleni analytli mezi matrici a polydimethylsiloxanovou fazi Twis-
teru podle jejich rozdélovacich koeficientld. Potom je Twister vioZzen
do termalniho desorbéru, kde dojde k termalni desorpci analytd (ob-
vykle pfi teploté 150-300 °C) a ty jsou pak bezprostfedné separo-
vany na plynovém chromatografu [20].

Pro stanoveni velmi tékavych latek je mozné vyuzit headspace
sorpéni extrakci (HSSE). Tato technika, pfi které dochazi k zakon-
centrovani analyt(, je mnohem citlivéj$i nez klasicka headspace me-
toda. Twister se vlozi do specidlniho drzacku a vSe se umisti do uza-
viené headspace vialky. Twister se tak nachazi v parnim prostoru nad
vzorkem a analyty jsou extrahovany a zkoncentrovany v polydimet-
hylsiloxanové fazi Twisteru [21].

V pivovarské analytice bylo techniky SBSE pouzito pro stanoveni
letinkové neboli sluneéni pfichuté (3-methyl-2-buten-1-thiol) a dalSich
sirnych latek [22], horkych kyselin v pivu metodou HPLC [23], kar-
bonylovych sloucenin [24].

Cilem této prace bylo vyzkou$et extrakci nékterych senzoricky ak-
tivnich latek z piva pomoci techniky extrakce na michaci ty¢ince. Po
extrakci byly latky nasledovné zpétné extrahovany z polydimethylsi-
loxanové faze do organického rozpoustédla a analyzovany na ply-
novém chromatografu s plamenoionizanim detektorem.

2 EXPERIMENTALNI CAST

2.1 Pouzité chemikalie, standardy
Ethanol — Lach-Ner, s. r. 0., CR; methanol, hexan, dichlormethan
— Merck, Némecko; helium v kvalité 5.0, vodik v kvalité 5.0 a synte-

product on the market. The stability of this profile is also important
because customers may not be frustrated by purchase of the same
product after long time period.

So the attention is focused to analytical determination of some im-
portant flavour groups. Esters are one of these groups. Pleasant fruit
flavour is often typical for the most esters. During the brewing pro-
cess the ester production is influenced mainly by the wort composi-
tion, fermentation parameters and yeast strains. Arkima and Jounela-
-Eriksson has shown that ester’s contribution to total beer bouquet is
about one fifth [3].

Gas chromatography methods are often used for the determina-
tion of beer flavour compounds. Well-established methods require
sample preparation steps such as static headspace methods, purge-
and-trap pre-concentration techniques, distillation procedures, liquid-
liquid extraction or solid phase extraction [4-9].

During the past years, miniaturisation has become a dominant
trend in analytical chemistry. Solid phase microextraction (SPME) is
one of the typical examples of miniaturisation in sample preparation
techniques. This method, an adsorption-desorption technique, was
developed by Arthur and Pawliszyn (University of Waterloo, Ontario,
Canada) and this procedure can be used instead of the classical sam-
ple preparation methods. SMPE simply involves immersing a phase-
coated fused silica fiber into the liquid sample or the headspace above
the sample, to adsorbe the analytes of interest. The adsorbed ana-
lytes are thermally desorbed in the heated injection port of the gas
chromatograph and transferred to the capillary column for the sepa-
ration. SPME is fast, simple and solventless alternative sampling tech-
nique [10, 11, 12].

Some flavour groups e. g. alcohols, esters, dimethylsulfide, vicinal
diketones, fatty acids or carbonyl compounds were determined in
beer by using SPME [13, 14, 15, 16, 17, 18].

Another development of microextraction sample preparation met-
hods based on polydimethylsiloxane phase as extraction medium was
shown by Baltussen et al. and a new extraction technique known as
stir bar sorptive extraction (SBSE) was introduced [19]. The extrac-
tion mechanism and advantages are similar to those of SPME, and
because much more polydimethylsiloxane phase is used (50-300 pl)
consequently the enrichment factor is higher and sensitivity is incre-
ased by a factor of 100 to 1000.

In practise magnetic stirring rods are incorporated in a glass jac-
kets and coated with a layer of polydimethylsiloxane phase. These
coated stir bars are commercially known as Twister and they are pro-
duced by Gerstel GmbH. Several different types of Twisters are ava-
ilable — 10 mm length with 0.5 mm respectively 1.0 mm phase thick-
ness or 40 mm length also with 0.5 mm respectively 1.0 mm phase
thickness. In all cases o.d. of stir barr are 3.2 mm. Typically the 10 mm
stir bars are used for 1-50 ml sample volumes and the 40 mm stir
bars are used for 100—250 ml sample volumes [20].

The extraction procedure is very simple. Twister is placed into the
sample in vial and stirred. During this period analytes are partitioned
between the polydimethylsiloxane phase and the aqueous matrix. Af-
ter extraction the Twister is introduced into a thermal desorption unit.
The analytes are desorbed thermally and immediately separated on
capillary column of gas chromatograph [20].

Headspace sorptive extraction (HSSE) can be used for the deter-
mination of volatile compounds. HSSE is a concentration technique
that is much more sensitive than traditional static headspace analy-
sis. A Twister is placed in an open adapter inside a closed headspace
vial. The Twister is placed in the vapor phase above the sample such
that analytes are extracted by, and concentrated into, the polydime-
thylsiloxane phase of the Twister [21].

SBSE methods in beer analyses has been applied for the deter-
mination of sunstruck flavour (3-methyl-2-butene-1-thiol) and another
sulphur compounds [22], the bitter acids using HPLC analysis [23],
stale-flavor carbonyl compounds [24].

The aim of this work was to optimise SBSE for the determination
of the some esters in beer. Due to a great efficiency of SBSE solvent
back extraction of compounds sorptived in Twister was used instead
thermal desorption. Then an aliquot of this extract was injected into
the gas chromatograph with flame ionisation detector.

2 EXPERIMENTAL

2.1 Materials, standards

Analytical reagent grade ethanol (Lach-Ner, Czech Republic), met-
hanol, hexane, dichloromethane (Merck, Germany), helium 5.0 qua-
lity, hydrogen 5.0 quality, synthetic air (Messer, Czech Republic), pu-
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ticky vzduch — Messer, CR; ultragista voda — Milli-RO 5plus firmy Mil-
lipore, USA.

Octan isoamylnaty, kapronan ethylnaty, kaprylan ethylnaty, octan
fenylnaty, kaprinan ethylnaty, octan fenylethylnaty, lauran ethylnaty,
myristan ethylnaty, palmitan ethylnaty — Sigma-Aldrich, USA.

2.2 Material a pfistroje

Twister o délce 10 mm, vnéjSim prdméru 3,2 mm a tloustce poly-
dimethylsiloxanové faze 0,5 mm — Gerstel, Némecko; 20 ml head-
space vialky, 2 ml Sroubovaci vialky, 350 ul sklenéné inserty, PTFE
silikonové septa, vitka, uzaviraci a oteviraci kle§té — CRS, USA; mag-
netické michadlo — MLW RH3, Polsko; pinzeta — Chirana, CR; ply-
novy chromatograf CP 9001 — Chrompack, Holandsko; automaticky
davkova¢ vzorkd ASG 40 — Labio, CR.

2.3 Priprava vzorku

Pred prvni aplikaci a kazdym dal$im pouzitim byl Twister kondici-
onovan po dobu 1 h pfi teploté 300 °C v atmosfére helia pfi pratoku
50 ml/min. Po vychladnuti na laboratorni teplotu byl Twister pfipraven
pro dalSi extrakci.

Zakoupené vzorky piv byly pfechovavany v chladni¢ce pfi teploté
4 °C az do doby analyzy. VSechny pokusy vedouci k optimalizaci pod-
minek stanoveni a pro proméfeni kalibracnich kfivek byly provadény
na modelovém roztoku 5% obj. ethanolu ve vodé.

Do 20 ml headspace vialky bylo napipetovano 10 ml vzorku a do
vzorku byl vlozen Twister. Vialka byla uzaviena septem krytym hlini-
kovou folii a umisténa na magnetické michadlo, kde byl vzorek mi-
chan pfi 1200 min" za laboratorni teploty. Po skonceni extrakce byl
Twister opatrné pinzetou vyndan, kratce oplachnut redestilovanou vo-
dou a osu$en. Pro zpétnou extrakci analytl z polydimethylsiloxanové
faze byl Twister vloZzen do 350 pl sklenéného insertu s 200 pl orga-
nického rozpoustédla. Tento insert byl umistén do Sroubovaci vialky
o objemu 2 ml a na magnetickém michadle michan pfi 1200 min-'.
Po skonceni extrakce z Twisteru byly 2 ul eluatu nastfiknuty na kapi-
larni kolonu plynového chromatografu.

2.4 Podminky plynové chromatografie

Vlastni stanoveni probihalo na plynovém chromatografu Chrom-
pack CP 9001, ktery byl opatfen automatickym davkovaéem vzork(
Labio ASG 40.K separaci analytll byla pouzita 30 m dlouha kiemenna
kapilarni kolona ZB-WAX firmy Phenomenex s vnitfnim primérem
0,32 mm a tloustkou filmu 0,25 um. Kolona byla temperovana na tep-
lotu 80 °C po dobu 1 min, poté nasledoval teplotni gradient 8 °C/min
do teploty 240 °C. P¥i této teploté kolona zlistala po dobu 3 min. K na-
stfiku byl pouzit split/splitless injektor v rezimu splitless. Split ventil
byl otevfen po uplynuti 0,25 min. Injektor byl vyhfivan na teplotu
260 °C, plamenoionizaéni detektor na teplotu 270 °C. Jako nosny plyn
bylo vyuzito helium v kvalité 5.0, tlak na kolonu byl 150 kPa pfi tep-
loté 80 °C.

rified water (Milli-RO 5plus, Millipore, USA) were used. Standards of
analyzed compounds (isoamyl acetate, ethyl caproate, ethyl capry-
late, phenyl acetate, athyl caprate, phenylethyl acetate, ethyl laurate,
ethyl myristate, ethyl palmitate) were purchased from Sigma-Aldrich
(USA).

2.2 Instruments

Twister — 10 mm length, 3.2 mm o. d. and 0.5 mm thickness of po-
lydimethylsiloxane (Gerstel, Germany); 20 ml headspace vials, 2 ml
screw vials, glass inserts 350 pl, PTFE silicon septa, caps, hand crim-
per and hand decapper (CRS, USA); magnetic stirrer (MLW RH3, Po-
land); tweezer (Chirana, Czech Republic); gas chromatograph CP 9001
(Chrompack, Holland); autosampler ASG 40 (Labio, Czech Republic).

2.3 Sample preparation

Before the first using and before any another using the Twister was
reconditioned in glass tube at 300 °C with 50 ml/min helium for 1
hour. Twister was ready for another use after cooling.

Bottled beers were kept cool (4 °C) until they were analysed. 5 %
V/V ethanol was used for the evaluation of the method and for the
calibration curves.

Sample extraction was performed by placing 10 ml of sample
amount in a 20 ml glass vial, adding polydimethylsiloxane coated stir
bar. The vial was capped with aluminium coated septum and stirring
at room temperature with 1200 rpm. After extraction the Twister was
removed with forceps, rinsed briefly in distilled water. For back ex-
traction the Twister was placed in to 350 pul glass insert containing
200 pl of organic solvent. This insert was put in 2 ml vial and stirring
with 1200 rpm again. An aliquot (2 ul) of this extract was injected into
the GC column.

2.4 GC analysis

The GC analysis was carried out using a Chrompack CP 9001 gas
chromatograph equipped with autosampler Labio ASG 40. Analytes
were separated on 30 m x 0,32 mm i. d. fused silica capillary column
of Phenomenex ZB-WAX with 0,25 um film thickness. The GC co-
lumn was maintained at 80 °C for 1 min, ramped at a rate of 8 °C/min
to 240 °C and then held at this temperature for 3 min. The split-split-
less injector was used and the split vent was opened after 0.25 min.
Temperatures of the injector and the flame ionisation detector were
260 °C, respectively 270 °C. The carrier gas was helium 5.0 quality
with a column head pressure of 150 kPa at 80 °C.

3 RESULTS AND DISCUSSION

3.1 Development of the method

In the first experiment the effect of the solvent back extraction of
the Twister stir bar on the determination of esters was examined by
the different solvent solutions — dichloromethane, mixture of dichlo-
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% v rozpoustédle dichlormethan:hexan v po-
méru 50:50 na rozdil od smési dichlormet-
han:methanol v poméru 90:10. Vzhledem
k tomu, Ze se tyto méneé tékavé latky vysky-

Obr. 1 / Fig. 1 Vliv riznych rozpoustédel na celkovou odezvu esterl pfi jejich desorpci z po-
lydimethylsiloxanové faze Twisteru (A — dichlormethan, B — dichlormethan:methanol 90:10, C
—dichlormethan:hexan 50:50) / Influence of different solvent solution used for the solvent back
extraction of the Twister on the total response of the esters (A— dichloromethane, B— dichloro-
methane:methanol 90:10, C — dichloromethane:hexane 50:50)
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romethane:methanol 90:10 and mixture of dichloromet-

400 hane:hexane 50:50. The results are shown in Fig. 1. The

350 - mixture of dichloromethane:methanol 90:10 produced

2 300 the best result for the sum of responses of all com-

£ pounds. However in comparison with dichloromet-

g 2507 W octan hane:hexane 50:50 the responses were more intense

Z 00 | isoamytnaty/ (about 36 %) for such more volatile analytes as isoamy!

S 5o isoamyl acetate acetate, ethyl caproate and ethyl caprylate but not for

2 O lauran less volatile compounds as ethyl laurate, ethyl myristate

S 1007 ethylnaty/ethyl and ethyl palmitate. For these semivolatile compounds,

50 laurate which are present in beer in very low concentrations, the

04 L solvent back extraction with of dichloromethane:metha-

0 20 30 45 60 120 nol 90:1(_) produced more efficiency about 10 % than mix-

ture of dichloromethane:methanol 90:10. So all another

Doba extrakce (min) / Extraction time (min) experiments were carried out using the mixture of di-
chloromethane:methanol 90:10.

Obr. 2 / Fig. 2 Zavislost délky doby vzorkovani na extrakci nékterych estert sor-
bovanych na Twister / Effect of the sampling time on the responses of some es-

ters extracted by the Twister stir bar

tuji v pivu v fddové nizSich koncentracich nez napf. octan isoamyl-
naty, byla k dal$im pokustm pouZita smés dichlormethan:hexan v po-
méru 50:50.

Dale byl zjistovan vliv doby extrakce na velikost ploch pik( stano-
vovanych latek. Jak ukazuje obr. 2, odezva sloucenin se podle oce-
kavani zvétSovala s prodluzujici se dobou extrakce. Tékavé latky, jako
napf.octan isoamylnaty, dosahly saturace jiz po 45 min extrakce, delsi
doba extrakce, jako napf. 120 min, znamenala pro tuto slou€eninu
vzrist odezvy jen o 1 %. Naproti tomu odezva palmitanu ethylnatého
po 120 min extrakce se zvySila 0 42 % v porovnani s extrakci trvajici
60 min. VySe vrouci latky zfejmé& pomaleji pfechazeji do polydimet-
hylsiloxanové faze a potfebuji tak del$i ¢as k ustanoveni rovnovahy.
V praxi ale pro pfesné stanoveni neni nezbytné nutné dosahnout Upl-
ného rovnovazného stavu pro vSechny stanovované slouceniny. Na
druhé strané, pokud by se extrahovalo pouze relativné kratkou dobu,
nejen Ze by se snizila citlivost metody, ale také by se zhorsila opa-
kovatelnost. Proto byla pro dalSi experimenty zvolena extrakéni doba
60 min.

Vliv doby, po kterou byla provadéna zpétna extrakce stanovova-
nych latek z polydimethylsiloxanové vrstvy Twisteru do rozpoustédia,
na celkovou velikost ploch pikd vSech sloucenin je zfejmy z obr. 3.
Zpétna extrakce latek je zfejmé UpIna jiz po 40 min. Ve srovnani s 20
min extrakce vzrostla pfi 40 min extrahovani odezva octanu isoa-
mylnatého o 28 %, odezva myristanu ethylnatého o 47 %. Naproti
tomu vzruast plochy pika pfi reextrakci trvajici 60 min ve srovnani s do-
bou 40 min pfedstavoval jen 3 % pro octan isoamylnaty, pro lauran,
myristan a palmitan ethylnaty byla velikost ploch pikd dokonce < 1
%. Proto v dalSich pokusech byla provadéna zpétna extrakce po dobu
40 min.

Chromatograficky zdznam vzorku piva po sorpéni extrakci na mi-
chaci ty€ince je uveden na obr. 4. Je z néj patrna vyhovuijici sepa-
race vSech stanovovanych latek prosta vSech interferenci. Byly také
provedeny analyzy extraktu z Twisteru po

In the next experiment, the effect of the sampling time
on the extraction was tested. As it is shown in Fig. 2 the
responses increased up with the sampling time. Volatile
flavour components as isoamyl acetate responses were
saturated after 45 min. The longer sampling time e. g.
120 min increased the response of this compound only
for 1 %. However in comparison with 60 min sampling time the res-
ponse of ethyl palmitate was greater for 42 % after 120 min sampling
time. Semivolatile compounds evidently partitioning to the polydi-
methylsiloxane phase more slowly and so the longer period is requ-
ired for reach equilibrium. In practise, full equilibration is not neces-
sary for an accurate determination. On the other hand a relatively
short extraction time will not only result in a loss of sensitivity but also
of precision. Consequently, a 60-min sampling time can be selected
for time saving and precision.

Fig. 3 demonstrates the influence of different solvent back ex-
traction times to the total responses of the compounds of interest.
The solvent back extraction was completed after 40 min yet. In com-
parison with 20 min of reextraction the isoamyl acetate and ethyl my-
ristate responses increased for 28 %, respectively for 47 %. How-
ever, the responses of isoamyl acetate, respectively ethyl laurate,
ethyl myristate, ethyl palmitate obtained by 60 min reextraction pre-
sented increase only 3 %, respectively < 1 % in comparison with 40
min of solvent back extraction. A 40-min solvent back extraction time
was selected for further experiments.

Fig. 4 illustrates the chromatogram of beer sample after stir bar
sorptive extraction. The peaks of all compounds were clearly free from
interferences by other GC eluents. The Twister extracts were also
analyzed after Twister reconditioning. No peaks of the compounds of
interest were presented in chromatograms so the procedure of re-
conditioning described above is sufficient.

3.2 Method validation

The nine data point’s calibration curves throughout a range of the
esters concentration from 0,015 mg/l to 30 mg/l in 5% V/V ethanol sho-
wed a slightly better fit to a quadratic curve than to a linear curve (Table
1). For all compounds the correlation coefficients to straight lines were
better than 0.9988, for quadratic curves fit were better than 0.9995.

jeho rekondicionaci. Takto ziskané chroma-

tografické zaznamy nevykazovaly pfitomnost 8000
zadné ze sledovanych analyt(i, a tak bylo po-
tvrzeno, Ze vySe popsany postup rekondicio- g 7000 -
nace Twisteru je dostaduijici. g
2 6000

3.2 Validace metody %; 5000 |

Pro vSechny stanovované slouceniny byly E
proméfeny devitibodové kalibracni  kfivky ~ 4000 4
v rozsahu koncentraci 0,015 mg/l az 30 mg/I E
v 5% obj. roztoku ethanolu. Vysledky jsou 2 3000
uvedeny v tab. 1. Lepsi shody bylo dosazeno s
prolozenim jednotlivych kalibraénich bodu 2 2000 1
kvadratickou kfivkou namisto linearni re- = 1000 |
grese. Korelacéni koeficienty pfi linearni re- o
gresi byly lepsi nez 0,9988, pfi kvadratické 0
lepSi nez 0,9995.

Dal$i pracovni charakteristiky metody jsou
shrnuty v tab. 1. Spravnost metody byla ové-

10 20 40 60

Doba zpétné extrakce do rozpoustédla (min) / Solvent back extraction time (min)

fena pomoci vytéznosti. Nejprve byl zméfen
pfirozeny obsah stanovovanych ester( v péti
komerénich vzorcich piv. Poté byly tytéz
vzorky piv obohaceny pfidavkem sledova-

Obr. 3 / Fig. 3 Vliv délky doby, po kterou se provadi zpétna extrakce analytll z Twisteru do
rozpoustédla, na velikost odezvy stanovovanych ester( / Influence of different solvent back
extraction time for the total response of the esters
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Obr. 4 / Fig. 4 Chromatogram piva po sorp&ni extrakci na michaci ty€ince. 1 — octan isoamylnaty, 2 — kapronan ethylnaty, 3 — kaprylan et-
hylnaty, 4 — octan fenylnaty, 5 — kaprinan ethylnaty, 6 — octan fenylethylnaty, 7 — lauran ethylnaty, 8 — myristan ethylnaty, 9 — palmitan ethyl-
naty / Chromatogram obtained by SBSE followed the solvent back extraction of beer. 1 — isoamyl acetate, 2 — ethyl caproate, 3 — ethyl cap-
rylate, 4 — phenyl acetate, 5 — ethyl caprate, 6 — phenylethyl acetate, 7 — ethyl laurate, 8 — ethyl myristate, 9 — ethyl palmitate

nych analytll na koncentraéni hladiné 7,5 mg/I. VytéZnosti se pohy-
bovaly od 78—-107 %. Opakovatelnost metody byla zjisténa opakova-
nou sorpéni extrakci na michaci ty€ince jednoho a téhoz vzorku piva
(pétkrat béhem jednoho dne). Relativni smérodatné odchylky se na-
chazely v intervalu 2,1-7,3 %.

4 ZAVER

Bylo dokézéno, ze pro stanoveni nékterych, pfedeviim méné té-
kavych ester( (octan isoamylnaty, kapronan ethylnaty, kaprylan ethyl-
naty, octan fenylnaty, kaprinan ethylnaty, octan fenylethylnaty, lauran
ethylnaty, myristan ethylnaty a palmitan ethylnaty) v pivu majicich vliv
na senzorickou kvalitu vyrobku je sorpéni extrakce na michaci ty€ince
nasledovana zpétnou extrakci analytl z polydimethylsiloxanové faze
do organického rozpoustédla velmi vhodnou alternativou ke klasic-
kym technikédm jako je destilace s vodni parou nasledovana extrakci
v systému kapalina-kapalina nebo SPE a SPME. Pro stanoveni es-
terG v pivu timto postupem byly na zakladé provedenych experimentu
navrzeny tyto pracovni podminky: 10 ml vzorku extrahovat Twiste-
rem (délka 10 mm, tlouStka polydimethylsiloxanové faze 0,5 mm) pfi
1200 ot/min po dobu 1 h, zpétnou extrakci analytd z Twisteru pro-
vést v 200 pl smési rozpoustédel dichlormethan:hexan v poméru
50:50 pfi 1200 ot/min po dobu 40 min.

V porovnani s postupy vyuzivajicimi sorpéni extrakce na michaci
tyCince v kombinaci s termalni desorpci odpada pfi zpétné extrakci
do rozpoustédla nutnost pofidit finanéné velmi narocny termaini de-
sorbér. Popsana metoda je tedy levnd, jednoducha, pouziva malé
mnozstvi vzorku, pouze mikrolitry organického rozpoustédla a vy-
znacuje se pfiznivymi pracovnimi charakteristikami.

Another validation data are summarized in Tab. 1. The accuracy of
the method was investigated by conducting the recovery test. The
test was performed by measuring of natural contain of the esters in
5 different beers followed by measuring of the same beers spiked
with a known concentration of each ester (7.5 mg/l). The results sho-
wed that recoveries were in the range 78-107 %.

The repeatability of the method was investigated by repeating stir
bar sorptive extraction (5 times during the same day) of one and the
same beer sample. The values of the relatively standard deviation
ranged in the interval 2.1-7.3 %.

4. CONCLUSIONS

It was shown that the stir bar sorptive extraction followed by sol-
vent back extraction of analytes is a very good alternative to esta-
blished methods like steam distillation conjugated liquid-liquid
extraction or SPE and SPME methods for the determination of some,
especially semivolatile, esters in beer (isoamyl acetate, ethyl capro-
ate, ethyl caprylate, phenyl acetate, ethyl caprate, phenylethyl ace-
tate, ethyl laurate, ethyl myristate) exert influence up beer flavour. The
procedure devised for the practical extraction utilized 10 ml of the
sample stirring with Twister (length 10 mm, film thickness 0.5 mm)
with 1200 rpm during 1 hour. Solvent back extraction of Twister used
200 pl of dichloromethane:hexane 50:50 with 1200 rpm for 40 min.

The proposed method has many practical advantages, e.g.small sam-
ple volume, simplicity of extraction and only microliters of solvents con-
sumption. The method can be performed in parallel at room tempera-
ture. SBSE followed solvent back extraction is also low cost in comparison
with SBSE combined with an expensive thermal desorption device.

Tab. 1 / Tab. 1 Pracovni charakteristiky metody stanoveni nékterych ester(i po extrakci technikou sorpéni extrakce na michaci ty¢ince / Met-
hod validation for the determination of some esters in beer by SBSE followed solvent back extraction

Korelacéni koeficient /

Slougenina / Compound Linedrni Correlation coefficient » Vytéinostol Opakovate_lr_nosot/

inearni regrese / | Polynom 2. fadu / Recovery % Repeatability %

Linear curve Quadratic curve

Octan isoamylnaty / Isoamyl acetate 0,9992 0,9996 107 52
Kapronan ethylnaty / Ethyl caproate 0,9988 0,9999 104 3,1
Kaprylan ethylnaty / Ethyl caprylate 0,9994 0,9999 85 2,1
Octan fenylnaty / Phenyl acetate 0,9999 0,9999 102 6,7
Kaprinan ethylnaty / Ethyl caparte 0,9996 0,9999 78 7,3
Octan fenylethylnaty / Phenylethyl acetate 0,9991 0,9999 94 7,3
Lauran ethylnaty / Ethyl laurate 0,9988 0,9995 81 5,8
Myristan ethylnaty / Ethyl myristate 0,9998 0,9998 83 6,2
Palmitan ethylnaty / Ethyl palmitate 0,9995 0,9995 84 6,1
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