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Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V.: Vyuziti nékterych modernich extrakénich postup pro kvantitativni sta-
noveni vicinalnich diketont v pivu. Kvasny Prum. 55, 2009, €. 3, s. 66-72.

Sledovani obsahu vicinalnich diketond — 2,3-butandionu (diacetylu) a 2,3-pentandionu — v pivu je dulezité, nebot pfi pfekroceni prahové
koncentrace vnimani dochazi k nepfijemnému ovlivnéni senzorickych vlastnosti piva oznaovanému jako maselné aroma.

Prace se zabyva vyvojem a optimalizaci metody sorpéni extrakce na michaci ty¢ince (SBSE), moderniho postupu pouzivaného pfi pfipravé
vzork(, pro stanoveni vicinalnich diketond v pivu. Pracovni charakteristiky této metody byly porovnany s parametry mikroextrakce na pevné
fazi (SPME). Vlastni selektivni stanoveni diacetylu a pentandionu bylo provedeno na plynovém chromatografu vybaveném detektorem elek-
tronového zachytu.

Horaék, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V.: Application of some modern sample preparation procedures for quanti-
tative determination of vicinal diketones in beer. Kvasny Prum. 55, 2009, No. 3, p. 66-72.

The measurement of the content of the vicinal diketones in beer is important because these compounds, especially diacetyl, give beer
a buttery off-flavour in concentrations above the flavour threshold.

This work is focused on evaluation and optimization of stir bar sorptive extraction (SBSE) the modern sample preparation procedure for
the determination of vicinal diketones in beer. Validated parameters of this optimised method were compared with parameters of solid phase
microextraction (SPME). The selective determination of diacetyl and pentandione was performed by gas capillary chromatography with elec-
tron capture detection.

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V.: Die Ausniitzung von einigen modernen Extraktionsverfahren fiir eine
quantitative Bestimmung von vizinalen Diketonen im Bier. Kvasny Prum. 55, 2009, Nr. 3, S. 66-72.

Es ist wichtig den Gehalt von vizinalen Diketonen — 2,3-Butandion (Diacetyl) und 2,3-Pentandion —im Bier zu verfolgen, weil bei der Ubers-
chreitung des Perzeptionschwellenwertes zur einen unangenehmen Beeinflussung der sensorischen Eigenschaften des Bieres (bezeichnet
als Butteraroma) vorkommt.

Im Artikel werden die Entwicklung und Optimisierung einer Methode der Sorptionsextraktion am Rihrstab (SBSE), was ein fir die Mus-
tervorbereitung fur die Bestimmung von vicinalen Diketonen im Bier modernes Verfahren ist. Die Arbeitscharakteristike dieser Methode wur-
den mit den Parametern einer Mikroextraktion an der festen Phase (SPME) verglichen. Die eigene selektive Diazetyl- und Pentandionbe-
stimmung wurden am mit dem Elektronabfangdetektor vorhandenen Gaschromatograf durchgefihrt.

MNopak, T. - Yynuk, W. — lOpkoBa, M. — Yeiika, M. — KennHep, B.: Ucnonb3oBaHne HEKOTOPbIX COBPEMEHHbIX 3KCTPAKLMOHHbIX
MeToA0B AJIA KOJIMYEeCTBEHHOro onpeaerneHnsa BULMHabHbIX AUKeTOHOB B nuBe. Kvasny Prum. 55, 2009, Ho. 3, cTp. 66—72.

ViccnepgoBaHuve cogep xaHns BULMHAbHbIX AMKETOHOB — 2,3-6yTaHAnoHa (guadeTtunaa u 2,3-neHTaHAnoHa — B MMBE ABaeTCs BaXKHbIM,
NMOTOMY YTO NPU NPEBbILLEHNN MOPOrOBON KOHLEHTPaLuM BOCTIPUSTUS NPOMCXOANT HeYA006HOE BO3AENCTBNE CEHCOPUYECKNX CBONCTB NMBA,
KOTOpoe 0603Ha4YaeTCs Kak MacnsHbli 6ykeT.

[eno 3aHnmaeTcs pa3paboTKom 1 oNnTUMmM3aumen meToga COpObLUMOHHON SKCTpaKumMm Ha mecunbHon nanoyvke (SBSE), coBpemeHHoro
MeToAa MUCMOoMb3yeMOro Npu NpUroToBeHnn Npob — Anst onpeAeneHns BULMHaNbHbIX AMKETOHOB B NuBe. Paboure xapakTepucTukm 3Toro
MeToga Oblfiv COM3MEPEHbI C NapaMeTpamMmm MUKPOIKCTpakumm Ha TBépaon cdase (SPME). CobcTBeHHOE usbnpaTenbHoe auadeTtuna u

MeHTaHAMOHa ObIfIO MPOU3BELEHO C MOMOLLbLIO ra30BOro Xpomarorpada 060pyA0BaHHOrO AETEKTOPOM 3/IEKTPOHHOrO 3axBara.

Klicova slova: vicindlni diketony, mikroextrakce na pevné fazi
(SPME), sorpéni extrakce na michaci tycince (SBSE), pivo

1 UvoD

Vicindlni diketony — 2,3-butandion (diacetyl) a 2,3-pentandion —
patfi k dalezitym skupindm senzorickych aktivnich latek v pivu [1].
Prahova koncentrace smyslového vnimani diacetylu se udava mezi
0,05-0,10 mg/l [2, 3, 4, 5]. Po pfekroCeni této koncentrace dochazi
k nezadoucim zménam aroma piva, které byva ozna¢ovano jako ma-
selné, po tvarohu nebo po syrovatce [6]. 2,3-Pentandion je podobny
diacetylu, ale jeho prahova koncentrace je vy$si, okolo 1,0 mg/l, a po
prekroCeni tohoto mnozstvi ma za nasledek medové aroma [2].

Ke vzniku téchto latek dochazi spolu s mnoha dalSimi senzoric-
kymi latkami pfi kvaSeni mladiny. Vznik a redukce vicinalnich dike-
tonll probiha v nékolika fazich. Nejprve dochazi k syntéze o-aceto-
hydroxykyselin, dale pak jejich oxidativni dekarboxylaci vznikaji
vicinalni diketony a nasleduje jejich redukce [7, 8].

Ke stanoveni vicinalnich diketont bylo vyvinuto mnoho rtiznych me-
tod. Velmi roz8ifené jsou spektrofotometrické metody po destilaci
s vodni parou. Nejrozsifenéjsi spektrofotometrickd metoda je zalo-
Zena na postupu Gjertsena a kol. a jeho dal$ich modifikacich [9, 10,
11].

Keywords: vicinal diketones, solid phase extraction (SPME), stir bar
sorptive extraction (SBSE), beer

1 INTRODUCTION

The vicinal diketones — diacetyl (2,3-butanedione) and 2,3-penta-
nedione — belong to the most important groups off-flavour in beer [1].
The diacetyl flavour threshold is about 0.05-0.10 mg/l [2, 3, 4, 5].
When diacetyl concentrations are higher then it is the flavour thres-
hold than the increased concentrations result in a buttery aroma [6].
2,3-Pentanedione is similar to diacetyl, however, the flavour threshold
is higher, near to 1.0 mg/l, and resulting in a honey-like aroma [2].

These compounds are formed amongst many other compounds
during the fermentation step of the brewing process. The formation
and reduction of vicinal diketones takes place in several stages. At
first o-acetohydroxy acids are formed, then oxidative decarboxylation
of a-acetohydroxy acids to vicinal diketone takes part followed by re-
duction of vicinal diketones [7, 8].

Several different methods have been developed to determine the
concentrations of vicinal diketones in beer. Spectrophotometric met-
hods have been widely used. The most frequently used method is the
one according to Gjertsen and its other modifications [9, 10, 11].
These methods involve steam distillation step.
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Slabinou téchto destilaéné-spektrofotometrickych metod je nemoz-
nost stanovit diacetyl a pentandion samostatné. Navic béhem desti-
lace mliZze dochazet k pfeméné prekurzor diacetylu na diacetyl nebo
mohou vznikat vicinalni diketony pfi zahfati i jinou cestou jako vysle-
dek Maillardovych reakci[12, 13].V dlsledku toho se stanovené mnoz-
stvi diacetylu mize lisit od skute¢né pfitomného volného diacetylu.

Tyto nedostatky se snazi feSit chromatografické metody. Jejich
hlavni vyhodou je, Zze umozZiuji stanovit jak diacetyl, tak pentandion.
To je vyznamné z technologického hlediska, nebot tim Ize zjistit, zda
pfitomny diacetyl v pivu vznikl pfirozenou cestou nebo kontaminaci
laktobacily ¢i pediokoky. Pokud vznikl pfirozenou cestou, je totiz do-
provazen pentandionem [14].

Nékteré postupy vyuzivaji vysokoucinné kapalinové chromatogra-
fie (HPLC). K pfimému stanoveni diacetylu pouzil Montville a kol. ion-
tové vyménnou HPLC s UV detekci [15]. Jiné postupy jsou zaloZzeny
na HPLC s obracenou fazi (RP-HPLC) a fosforescenéni detekci [16],
nebo pouzivaji derivatizaci s 2,4-dinitrofenylhydrazinem (DNPH) a na-
slednou analyzu pomoci RP-HPLC s UV detekci [17]. K derivatizaci
byl také pouzit o-fenylendiamin (OPD) [18] nebo totéz derivatizacni
¢inidlo bylo pouzito po zpracovani vzorku extrakci na pevné fazi (SPE)
[19]. DalSi metody vyuzivaji RP-HPLC s fluorescenénim detektorem
a derivatizujicim &inidlem jsou 1,2-diamino-4,5-methyldioxybenzen
[20] a 2,3-diaminonaftalen (DAN) [21, 22].

Jiny pfistup spociva v derivatizaci vicinalnich diketon pomoci 1,2-
diaminobenzenu a nasledné extrakci vzniklych chinoxalint pomoci
extrakce na pevné fazi. K vlastnimu stanoveni analytd byla pouzita
technika plynové chromatografie ve spojeni s hmotnostnim detekto-
rem [23, 24].

Plynova chromatografie se pro stanoveni vicinalnich diketonl pou-
Zivé nejCastéji ve spojeni s headspace technikou. Tento postup se to-
tiz vyznacuje velmi nenaro¢nou a rychlou pfipravou vzorku, byt pfi-
tom dochazi k mirnému zahrati vzorku (vétSinou na teplotu okolo
40 °C). K detekci se vétsinou pouziva detektor elektronového zachytu
(ECD) [12, 25, 26, 27]. Byl vSak pouzit i plamenoionizaéni detektor
(FID) [28]. Nesrovnatelnou vyhodou ECD ve srovnani s FID je pod-
statné vysSi citlivost (az o dva fady) a také vétsi selektivita, diky ce-
muz se eliminuje moznost ovlivnéni vysledkl pfitomnosti interferuii-
cich latek. Optimalizaci podminek klasické headspace techniky
a plynovéchromatografické analyzy se zabyval Culik a kol. [29].

Vyvoj modernich analytickych metod véetné postupli pro pfipravu
vzorkU se nyni orientuje na miniaturizaci. Typickym pfikladem je dnes
jiz klasicka technika — mikroextrakce na pevné fazi (SPME) — navr-
zena jiz v prvé poloviné devadesatych let minulého stoleti Janusem
Pawliszinem [30]. Tento postup je vhodnou a ekonomickou variantou
ke klasické headspace technice. Vyvojem a optimalizaci metody
SPME pro stanoveni vicinalnich diketont v pivu se zabyvaly prace
Horaka a kol. [31, 32].

Jinym pfikladem vyvoje mikroextra¢nich metod je extrakce na mi-
chaci ty€ince (SBSE). Tuto techniku vyvijel Baltussen a kol. [33]. Tento
postup je zaloZen na stejnych principech jako mikroextrakce na pevné
fazi, ale tim, Ze je pouzito podstatné vétsi mnozstvi polydimethylsilo-
xanové faze (50-300 pl), dochazi k vyrazné vétSimu obohaceni or-
ganickych slou¢enin z extrahované matrice a v dlisledku toho vzrista
citlivost 100 az 1000krat. Dalsi vyhoda SBSE postupu spociva v tom,
Ze se jedna o magnetickou ty€inku zatavenou do skla, které je po de-
aktivaci pokryto polydimethylsiloxanovou fazi, a tudiz cela extrakéni
ty€inka je mnohem méné nachylna k mechanickému poskozeni ve
srovnani s kfehkym kfemennym vldknem pouzitym u SPME. Na dru-
hou stranu SPME vlakna jsou k dispozici v bohaté nabidce riznych
druhl pokryti a jejich kombinaci (polydimethylsiloxan, polyakrylat,
Carbowax, polydimethysiloxan/divinylbenzen, polydimethylsiloxan/Car-
boxen, divinylbenzen/Carboxen/polydimethylsiloxan, Carbowax/poly-
ethylenglykol, Carbopack-Z/metal) a také s rliznou tloustkou nane-
sené extrakéni faze, coz umoznuje selektivni a zaroven vysoce citlivé
stanoveni Siroké $kaly rlznych analyt(. Naproti tomu SBSE doda-
vand firmou Gerstel pod nazvem Twister je dostupna pouze s poly-
dimethylsiloxanovou fazi. Odlisné jsou velikosti Twisteru a mnozstvi
nanesené faze — 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 vnéjsi primér michaci ty¢inky 3,2 mm. Twis-
ter o délce 10 mm se obvykle pouziva pro extrakci z objemu 1-50 ml,
0 délce 40 mm pro extrakci z objemd 100—250 ml [34].

Vzhledem k vysokému zakoncentrovani analytd na Twisteru je
mozné kromé tepelné desorpce analytl vyuzit i zpétnou extrakci sle-
dovanych latek z polydimethylsiloxanové faze Twisteru do malého
mnozstvi organického rozpoustédla. Snizi se tim sice citlivost stano-
veni, ale pokud se sledované latky nevyskytuji ve stopovych kon-
centracich, Ize je urcit s dostate¢nou presnosti. Navic pfi tomto zpQ-

However, distillation-spectrophotometric procedures have the di-
sadvantage of an incomplete fractionation of diacetyl from the clo-
sely related compounds. In addition during distillation process pre-
cursors of vicinal diketones could convert to diacetyl or vicinal
diketones could be formed during heating by other way as result of
Maillard's reactions [12, 13]. Due to this the determined amount of
diacetyl could be different from really present free diacetyl.

To avoid any heating of the sample and the resulting conversion of
precursors to vicinal diketones chromatographic methods have been
developed. The determination both diacetyl and pentanedione is the
main advantage of these procedures. It is important for technologi-
cal aspects because recognition of formation of diacetyl can be done
by this way. Diacetyl is presented together with pentanedione as far
as it originates by naturally way and not as a result of microbiologi-
cal contamination [14].

Some procedures are based on high performance liquid chroma-
tography (HPLC). Montville and coworkers used ion-exchange HPLC
with UV detection to analyze diacetyl directly [15]. Another studies
used reversed-phase HLC (RP-HPLC) with phosphorescence de-
tection [16] or utilized derivatization with 2,4-dinitrophenylhydrazine
(DNPH) followed by analysis with RP-HPLC with UV detection [17].
As derivatization agent was also used o-phenylenediamine (OPD)
[18] or beer samples were prepared with solid-phase extraction (SPE)
and derivatized with OPD [19]. Several different methods are based
on RP-HPLC with fluorescence detection and derivatization agents
as 1,2-diamino-4,5-methylenedioxybenzene [20] and 2,3-diamino-
naphthalene (DAN) [21, 22].

In alternative procedures the vicinal diketones were derivatized with
1,2-diaminobenzene and formed derivates were extracted by SPE
columns. A gas chromatography followed mass selective detection
was used for the determination of these compounds [23, 24].

Other methods are based on the gas chromatographic headspace
analysis. The advantage of these procedures are simplicity and fast
sample preparation although the samples are mild heated (mostly at
temperature about 40 °C). Electron capture detector (ECD) is gene-
rally used for detection [12, 25, 26, 27]. Flame ionization detector
(FID) was also used in some applications [28]. The greatest advan-
tage of ECD in comparison with FID consists in it's substantial im-
provement of sensitivity (up to two place value) and also better se-
lectivity due to the results aren’t affected of any present interfering
compounds. Culik et al. studied optimal conditions of classical head-
space technique and gas chromatographic determination [29].

Miniaturization has become a dominant trend in evolution of mo-
dern analytical methods including sample preparation. A solid phase
microextraction (SPME) is a typical example. This method was de-
veloped by Pawliszyn during first part of 90" years of last century
[30]. This procedure is suitable and economical alternative to classi-
cal headspace technique. Horak et al. tested and evaluated SPME
method for the determination of vicinal diketones in beer [31, 32].

Stir bar sorptive extraction (SBSE) is an another example of de-
velopment of microextraction methods. This technique was shown by
Baltussen et al. [33]. This process is based on the same principles
as solid phase microextraction, and because much more polydimet-
hylsiloxane phase is used (50-300 ), the enrichment factor is con-
sequently higher and sensitivity is increased by a factor of 100 to
1000. In this technique of SBSE, magnetics stirring rods are incor-
porated in glass jackets and coated with a layer of polydimethylsilo-
xane phase. So the stir bar is much more robust and worse destro-
yed than the fragile silica fiber used in SPME. On the other hand
SPME fibers are available in wide range of different phases and their
combinations (polydimethylsiloxane, polyacrylate, Carbowax, polydi-
methylsiloxane/divinylbenzene, polydimethylsiloxane/Carboxen, divi-
nylbenzene/Carboxen/polydimethylsiloxane, Carbowax/polyethylene
glycol, Carbopack-Z/metal) and also with different thickness of ex-
traction phases. The great advantage of SPME procedures is their
highly selective and sensitive determination for wide spectrum of dif-
ferent analytes. While SBSE delivered by Gerstel and named as Twis-
ter is available only with polydimethylsiloxane phase. Several diffe-
rent types of Twisters are offered — 10 mm length with 0,5 mm
respectively 1.0 mm phase thickness 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 [34].

Due to great efficiency the stir bar can be desorbed not only by
thermal desorption but also by using of a small volume of organic sol-
vent alternatively. This procedure followed by gas chromatographic
separation leads to lower sensitivity but in case of compounds in non
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sobu neni zapotfebi vysoké investice do termalniho desorbéru. Tento
pfistup byl s uspéchem pouzit pfi stanoveni nékterych senzoricky ak-
tivnich latek, jako jsou estery nebo nizsi mastné kyseliny v pivu me-
todou plynové chromatografie [35, 36] nebo horkych kyselin v pivu
metodou vysokotlaké kapalinové chromatografie [37].

Cilem této prace bylo otestovat moznost vyuziti extrakce na mi-
chaci ty¢ince pro stanoveni vicinalnich diketont v pivu. Po extrakci
byly latky nasledovné zpétné extrahovany z polydimethylsiloxanové
faze do organického rozpoustédla a analyzovany na plynovém chro-
matografu s detektorem elektronového zachytu. Pracovni charakte-
ristiky tohoto postupu byly porovnany s parametry techniky SPME.

2 EXPERIMENTALNI CAST

2.1 Pouzité chemikalie, standardy

Ethanol, chlorid sodny — Lach-Ner, s.r. 0., CR; hexan — Merck, N&-
mecko; helium v kvalité 5,0, dusik v kvalité ECD — Messer, CR; ult-
raCista voda — Milli-RO 5plus firmy Millipore, USA.

Diacetyl (2,3-butandion), 2,3-pentandion, 2,3-hexandion — Merck,
Némecko.

2.2 Material a pfistroje

Drzak SMPE vlékna, viakno 65 um Carbowax/divinylbenzen — Su-
pelco, USA; Twister o délce 10 mm, vnéjSim priméru 3,2 mm
a tloustce polydimethylsiloxanové faze 0,5 mm — Gerstel, Némecko;
20 ml headspace vialky, 2 ml Sroubovaci vialky, 350 pl sklenéné in-
serty, PTFE silikonova septa, vicka, uzaviraci a oteviraci klesté — CRS,
USA; magnetické michadlo — MLW RH3, Polsko; pinzeta — Chirana,
CR; plynovy chromatograf CP 9001 — Chrompack, Holandsko; auto-
maticky davkovag¢ vzorkl ASG 40 — Labio, CR; plynovy chromatograf
HRGC 5300 Mega series — Carlo Erba, Italie.

2.3 Priprava vzorku

V8echny pokusy vedouci k optimalizaci podminek stanoveni a pro
proméfeni kalibracnich kfivek byly provadény na modelovém roztoku
5% obj. ethanolu ve vodé. Valida¢ni parametry byly méfeny na real-
nych vzorcich piv z maloobchodni sité. Vzorky piv byly pfechovavany
v chladni¢ce pfi teploté 4 °C az do doby analyzy.

2.3.1 SBSE metoda

PFed prvni aplikaci a kazdym dalSim 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.

Do 20 ml headspace vialky bylo napipetovano 10 ml vzorku obo-
haceného pridavkem 2,3-hexandionu jako vnitfniho standardu o vy-
sledné koncentraci 40 pg/l. Poté byl do vzorku vioZen Twister. Vialka
byla uzaviena septem krytym hlinikovou félii a umisténa na magne-
tické michadlo, kde byl vzorek michan pfi 800 min-! za laboratorni tep-
loty. Po skonéeni extrakce byl Twister opatrné pinzetou vyjmut, kratce
oplachnut redestilovanou vodou a osusen. Pro zpétnou extrakci ana-
lytd z polydimethylsiloxanové faze byl Twister vioZzen do 350 pl skle-
néného insertu s 200 ul hexanu. Tento insert byl umistén do Sroubo-
vaci vialky o objemu 2 ml a na magnetickém michadle michan pfi 800
min-' za laboratorni teploty. Po skonceni extrakce z Twisteru byly 2 pl
eluatu nastfiknuty na kapilarni kolonu plynového chromatografu.

2.3.2 SPME metoda

Pouziti SPME metody bylo zaloZeno na postupu popsaném v praci
Horéka a kol. [32].

Pfed prvnim pouzitim se SPME vlakno ponechalo kondicionovat
v nastfikovém prostoru chromatografu pfi teploté 250 °C pres noc.
Extrakce na vlakno byla provadéna z headspace prostoru nad 3 ml
vzorku ve sklenéné vialce o objemu 10 ml uzaviené teflonovym sep-
tem opatfenym hlinikovou félii. Vzorek byl obohacen internim stan-
dardem (2,3-hexandion) o vysledné koncentraci 40 pg/l. Ke zvyseni
ucinnosti extrakce bylo pouzito vysoleni pomoci 1,5 g chloridu sod-
ného. Pfed vsunutim vlakna byla vialka po dobu 10 s intenzivné pro-
tfepana v ruce. Vlastni SPME extrakce probihala po dobu 30 min za
laboratorni teploty bez michani. Ihned po skonéeni extrakce byly ana-
lyty extrahované na SPME vlakné analyzovany plynovou chromato-
grafii prostfednictvim jejich termalni desorpce v injektoru plynového
chromatografu.

2.4 Podminky plynové chromatografie
Stanoveni vicinalnich diketon( pfi pouziti metody SBSE probihalo
na plynovém chromatografu Chrompack CP 9001, ktery byl opatfen

trace concentration levels these analytes can be determined with sa-
tisfactory accuracy. Moreover no thermal desorption unit is reques-
ted and so SBSE with solvent back extraction offers an effective and
low-cost opportunity for the isolation of compounds in milligrams or
hundredth of milligrams per litre concentration levels. By this way
some flavours as esters or free medium-chain fatty acids in beer have
been analyzed by gas chromatography [35, 36] or bitter acids in beer
by high performance liquid chromatography [37].

The aim of this work was tested possibility of utilization of stir bar
sorptive extraction for the determination of vicinal diketones in beer.
After extraction to the polydimethylsiloxane phase of Twister, the sol-
vent back extraction of sorbed compounds was applied. An aliquot of
this extract was then injected into a gas chromatograph fitted with
electron capture detector. Working parameters of this procedure were
compared with parameters of SPME method.

2 EXPERIMENTAL

2.1 Materials, standards

Analytical reagent grade ethanol, sodium chloride (Lach-Ner,
Czech Republic), hexane (Merck, Germany), helium 5.0 quality, nit-
rogen ECD quality (Messer, Czech Republic), purified water (Milli-RO
5plus, Millipore, USA) were used.

Standards of analyzed compounds — diacetyl (2,3-butanedione),
2,3-pentanedione, 2,3-hexanedione were purchased from Merck
(Germany).

2.2 Instruments

SPME holder, SPME fiber Carbowax/divinylboenzene 65 um (Su-
pelco, USA). Twister — 10 mm length, 3.2 mm o. d. and 0.5 mm thick-
ness of polydimethylsiloxane (Gerstel, Germany); 20 ml headspace
vials, 2 ml screw vials, glass inserts 350 ul, PTFE silicon septa, caps,
hand crimper and hand decapper (CRS, USA); magnetic stirrer (MLW
RH3, Poland); tweezer (Chirana, Czech Republic); gas chromato-
graph CP 9001 (Chrompack, Holland); autosampler ASG 40 (Labio,
Czech Republic); gas chromatograph HRGC 5300 Mega series (Carlo
Erba, Italy).

2.3 Sample preparation

A solution of 5 % V/V ethanol was used for the evaluation of the
method and for the calibration curves. All analyzed beer samples were
fresh commerecial larges of the Pilsner type, produced and bottled in
the Czech Republic. Bottled beers were kept cool (4 °C) until they
were analysed.

2.3.1 SBSE method

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.

Sample extraction was performed by placing 10 ml of sample amount
spiked with 2,3-hexanedione as internal standard at final concentra-
tion level 40 ug/l in a 20 ml glass vial, adding Twister. The vial was cap-
ped with aluminium coated septum and stirring at room temperature
with 800 rpm. After extraction the Twister was removed with forceps,
rinsed briefly in distilled water. For back extraction the Twister was pla-
ced in to 350 pl glass insert containing 200 ul of hexane. This insert
was put in 2 ml vial and stirring at room temperature with 800 rpm
again. An aliquot (2 pl) of this extract was injected into the GC column.

2.3.2 SPME method

SPME method was based on procedure shown by Horak et al. [32].

SPME fiber was conditioned in gas chromatograph’s injector hea-
ted at 250 °C over night before the first using. The extraction condi-
tions utilized headspace SPME of 3 ml of sample in a 10 ml glass
vial capped with aluminium coated teflon septum. Samples were spi-
ked by internal standard (2,3-hexanedione) at final concentration le-
vel 40 ug/l. For better extraction 1.5 g of sodium chloride was added.
The vial with sample was vigorously shaken manually for 10 s before
immersion of SPME fiber. Than headspace SPME was followed for
30 min at ambient temperature without stirring. Immediately after fi-
nishing of the extraction procedure compounds of interest were ana-
lyzed by gas chromatography using thermal desorption of fiber in in-
jector of gas chromatograph.

2.4 Gas chromatographic conditions
The determination of vicinal diketones after SBSE method was car-
ried out using a gas chromatograph Chrompack CP 9001 equipped
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automatickym davkovagem vzorkd Labio ASG 40. K separaci ana-
lytd byla pouzita 60 m dlouh& kfemenna kapilarni kolona J&W Sci-
entific DB 624 s vnitfnim pramérem 0,32 mm a tloustkou filmu 1,8 um.
Kolona byla temperovana na teplotu 75 °C po dobu 10 min, poté na-
sledoval teplotni gradient 5 °C/min do teploty 120 °C. P¥i této teploté
kolona zUstala po dobu 1 min. K néstfiku byl pouZit split-splitless in-
jektor v rezimu splitless. Split ventil byl otevien po uplynuti 0,35 min.
Injektor byl vyhfivan na teplotu 220 °C, teplota detektoru elektrono-
vého zachytu byla optimalizovana s ohledem na maximélini citlivost
pfi soucasné minimalizaci znecisténi sbérné elektrody detektoru.
Jako nosny plyn bylo pouzito helium v kvalité 5,0, tlak na kolonu byl
150 kPa pfi teploté 75 °C. Dusik v kvalité ECD byl pouzit jako make-
up plyn k oplachu ECD.

PFi pouziti metody SPME bylo pouzito plynového chromatografu
Carlo Erba HRGC 5300 Mega series. Pouzita kolona, teplotni pro-
gram a teploty injektoru a detektoru byly stejné jako v pfipadé vySe
popsaného stanoveni po extrakci SBSE. Pouze v nastfikovém pro-
storu injektoru byl pouzit vstupni liner s vnitfnim primérem pouze
1 mm. SPME vlakno bylo ponechano v injektoru po dobu 5 min, aby
doslo k jeho kondicionaci pro dal$i stanoveni.

3 VYSLEDKY A DISKUSE

3.1 Optimalizace teploty detektoru elektronového zachytu

Je znamo, ze diony poskytuji dobrou odezvu na detektoru elektro-
nového zachytu. Velikost signalu je vSak silné zavisla na teploté de-
tektoru, pficemz citlivost se vyrazné zvySuije s klesajici teplotou [38].
Z tohoto duvodu byla proméfena zavislost odezvy vicinalnich dike-
tont na teploté ECD (obr. 7). Celkova odezva vicinalnich diketonl pfi
teploté 180 °C dosahovala sice jen 74 % velikosti odezvy ziskané pfi
teploté detektoru 150 °C, ale na druhé strané se snizujici se teplo-
tou detektoru vyznamné stoupa moznost jeho kontaminace a tedy
nutnost ¢astého ¢isténi sbérné elektrody. Proto ve vSech pokusech
byl detektor ECD vyhfivan na teplotu 180 °C.

3.2 Optimalizace metody SBSE

Posunuti fazové rovnovahy Ize docilit pfidavkem soli anorganickych
kyselin. Z tohoto dtvodu byl testovan vliv pfidavku chloridu sodného
na extrakci vicinalnich diketond, a to pfi pfidavku 0—4 g soli k 10 ml
vzorku. Z obr. 2 je patrné, ze s rostouci koncentraci soli se zvySuje
odezva vicinalnich diketonl. Odezva diacetylu pfi pfidavku 1,0, 2,0
a 4,0 g soli je 1,69, 3,45 a 3,40krat vétSi nez odezva bez pFidavku
soli. Pro 2,3-pentandion je za stejnych podminek odezva 1,49, 4,62
a 7,66krat vyssi nez odezva bez pridavku soli.

PFidani 4 g soli ve srovnani s pfidavkem 2 g ma za dlsledek zvy-
Seni celkové odezvy vicinalnich diketonl jen o okolo 2 %. Pfi mnoz-
stvi okolo 2 g chloridu sodného tedy zifejmé dochazi k saturaci vy-
solovaciho efektu.

Relativni smérodatna odchylka poméru odezvy diacetylu k odezvé
vnitfniho standardu dosahuje hodnoty 14 %. Pro 2,3-pentandion tato
veli¢ina nabyva hodnoty 11 %. Z toho vyplyva, Ze pro pomér odezev
sledovanych latek k odezvé vnitfniho standardu nema uplatnéni vy-
solovaciho efektu vyznam. V dalSich zkouskach bylo pouzito navazky
2 g NaCl.

Dale byla testovana zavislost odezvy vicinalnich diketoni na dobé
extrakce. Vysledky jsou patrné z obr. 3. Pfi extrakci po dobu 40 min
se celkova odezva vSech sledovanych latek zvySila jen 0 4 % ve srov-
nani s dobou extrakce 20 min. Naproti tomu celkova odezva po 20

with autosampler Labio ASG 40. Analytes were separated on
60 m x 0.32 mm i. d. fused silica capillary column of J&W Scientific
DB 624 with 1.8 um film thickness. The GC column was maintained
at 75 °C for 10 min, ramped at a rate of 5 °C/min to 120 °C and then
held at this temperature for 1 min. The split-splitless injector was used
in splitless mode and the split vent was opened after 0.35 min. The
injector was heated at 220 °C. The temperature of electron capture
detector was optimized with respect to maximum sensitivity and pre-
sent minimization of contamination of collecting electrode of the de-
tector. The carrier gas was helium 5.0 quality with a column head
pressure of 150 kPa at 75 °C. Nitrogen ECD quality was used as
make-up gas for rinse of ECD.

In case of SPME a gas chromatograph Carlo Erba HRGC 5300
Mega series was used. The capillary column, temperature program
and the injector and detector temperatures were the same as in SBSE
method mentioned above. Just liner only with 1 mm of internal dia-
meter was used in injector. SPME fiber was left in heated injector for
5 min and so it was conditioned for another use.

3 RESULTS AND DISCUSSION

3.1 Optimization of the electron capture detector temperature

It is well known that diones give a strong signal with ECD detec-
tion. This signal is very temperature dependent with significantly more
sensitivity at a decreasing temperature of the detector [38]. From this
reason the dependence of responses of the vicinal diketones on ECD
temperature was measured (Fig. 7). The total response of the vicinal
diketones at 180 °C reached only 74 % of the response obtained at
150 °C. However with decreasing of the detector temperature the risk
of contamination of ECD eminently increases and cleaning of the col-
lecting electrode is often necessary. So the ECD was heated at
180°C in all experiments.

3.2 Development of the method

The effect of the addition of salt of inorganic acids can influence
the phase equilibrium. So the salting-out effect of the sodium chlo-
ride on extraction of the vicinal diketones was examined by addition
of varying concentration of salt (0—4 g) to 10 ml of the sample. Fi-
gure 2 demonstrates that the salting-out effect obviously took place.
The responses of vicicinal diketones increase with the amount of
salt. The responses of diacetyl are 1.69, 3.45 and 3.40times grea-
ter than the response without salt. At the same conditions the res-
ponses of 2,3-pentanedione are greater 1.49, 3.45 and 7.66times
than without salt.

The addition of 4.0 g of salt increases the total response of the vi-
cinal diketones only about 2 % in comparison with the addition of 2 g.
The salting-out effect evidently reached saturation about 2 g of so-
dium chloride.

A coefficient of variation of the response ratio of diacetyl to inter-
nal standard is reaching the value 14 %. For 2,3-pentanedione this
coefficient of variation takes the value 11 %. This observation de-
monstrates that the values of the response ratio are constant re-
gardless of the significant salting-out effect. In all further tests the ad-
dition of 2 g of NaCl was used.

In the next experiment, the effect of the sampling time on the ex-
traction was tested. Results are shown in Fig. 3. After 40 min ex-
traction time the responses of all compounds of interest increased
only for 4 % in comparison with 20 min sampling time. However in
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Obr. 1/ Fig. 1 Zavislost odezvy vicinalnich diketond na teploté de-
tektoru ECD / The dependence of response of the vicinal diketones
on the ECD temperature

Obr. 2/ Fig. 2 Vliv pfidavku soli (NaCl) na celkovou velikost odezvy
vicinalnich diketont / Effect of the addition of salt (NaCl) on the total
response of the vicinal diketones
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Obr. 3/ Fig. 3 Vliv délky extrakce Twister michaci ty€inkou na celko-
vou odezvu vicinalnich diketonu / Effect of the sampling time on the
total response of vicinal diketones extracted by the Twister stir bar

min extrakce vzrostla 0 53 % v porovnani s extrakéni dobou 10 min.
Pro dalsi experimenty byla zvolena extrakéni doba 20 min.

Vliv rizné doby zpétné extrakce latek absorbovanych Twisterem
do rozpoustédla na velikost celkové odezvy sledovanych latek uka-
zuje obr. 4. Zpétna extrakce latek je zfejmé Uplna jiz po 20 min. Po
20 min reextrakce totiz odezvy vzrostly 0 20 % ve srovnani s velikosti
odezvy po 10 min zpétné extrakce. Naproti tomu pokud se reextrakéni
doba prodlouzila z 20 min na 40 min, velikost ploch analyzovanych
latek se zvétSila o necelé 2 %. Proto v dalSich pokusech byla prova-
déna zpétnd extrakce po dobu 20 min.

3.3 Validace metody

Pracovni charakteristiky optimalizované SBSE metody jsou uve-
deny v fab. 1 az 3 spolecné s parametry SPME postupu.

Pro vicinalni diketony byly proméreny pétibodové kalibraéni kfivky
v koncentraénim rozsahu 0,100 mg/l az 0,400 mg/l pro diacetyl
a 0,010 mg/l az 0,400 mg/l pro 2,3-pentandion v 5% obj. roztoku et-
hanolu. LepSi shody bylo dosaZzeno prolozenim jednotlivych kalib-
raénich bod( kvadratickou kfivkou namisto linearni regrese. Korelaéni
koeficienty pfi linearni regresi byly lepsi nez 0,996, pfi kvadratické
lepsi nez 0,997. Z porovnani hodnot korelaénich koeficient(i techniky
SBSE a SPME (tab. 1) vyplyvd, Ze mezi metodami neni rozdilu, avSak
diacetyl neni mozné metodou SBSE méfit v nizSich koncentracich
(< 0,100 mg/l).

Opakovatelnost metody byla zjisténa opakovanou sorpéni extrakci
na michaci ty€ince jednoho a téhoz vzorku piva pétkrat béhem jednoho
dne. Poté byl tentyZ vzorek piva obohacen pfidavkem vicinalnich dike-
tonl (0,150 mg/l kazdé latky). Pfi porovnani s SPME postupem (tab.
2) je videt, ze 2,3-pentandion poskytuje srovnatelné vyborné vysledky
opakovatelnosti v obou metodach. V pfipadé diacetylu je vSak u tech-
niky SBSE dosazeno vyrazné horSich vysledk(. Zfejmé je to mozné
vysveétlit nasledovné: extrakce latky do polydimethylsiloxanové faze na-
nesené na michaci ty€ince Ize charakterizovat pomoci distribuce ana-
lytu mezi oktanolem a vodou popsané pomoci rozdélovaciho koefici-
entu oktanol-voda (K,,) [39, 40]. Hodnota log K., pro 2,3-pentandion

Obr. 4 / Fig. 4 Vliv rizné délky zpétné extrakce Twisteru na celkovou
odezvu vicindlnich diketonl / Influence of different solvent back ex-
traction times on the total responses of vicinal diketones extracted by
the Twister stir bar

comparison with 10 min sampling time the total response was grea-
ter for 53 % after 20 min sampling time. So for another experiments
a 20-min sampling time can be selected.

Fig. 4 demonstrates the influence of different solvent back ex-
traction times to the total responses of the compounds of interest.
The solvent back extraction was obviously completed after 20 min.
The total responses increased for 20 % after 20 min reextraction
time in contrast with 10 min of solvent back extraction. On the other
hand if the solvent back extraction time increased from 20 min to 40
min, the peak area of analysed compounds increased less then 2 %.
The 20-min solvent back extraction time was selected for further ex-
periments.

3.3 Method validation

Working characterizations of optimized SBSE method including pa-
rameters of SPME procedure are shown in tab. 1 up to 3.

The five point’s calibration curves throughout a range of concent-
rations from 0.100 mg/l to 0.400 mg/l for diacetyl and from 0.010
mg/l to 0.400 mg/l for 2,3-pentanedione in the 5 % V/V ethanol were
measured. A slightly better fit is reached by a quadratic curve than
to a linear curve. The correlation coefficients to straight lines were
better than 0.996, for quadratic curves fit were better than 0.997.
The comparison of correlation coefficients of SBSE and SPME me-
thods (fab. 1) results no statistical differences but diacetyl couldn’t be
measured at low concentration levels (< 0.100 mg/l) by SBSE me-
thods.

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. Then the same beer sample was spiked by vici-
nal diketones at concentration level 0.150 mg/l of each compound.
2,3-pentanedione succeeded similar good results of repeatability by
SBSE method as by SPME procedure (tab. 2). In case of diacetyl
SBSE technique showed much worse output as SPME method. This
could be explained by this. Efficiency of analyte partitioning into the
polydimethylsiloxane phase on the stir bar is similar to the distribu-

Tab. 1 Typ regrese a korela¢ni koeficienty pro kalibraci vicinalnich diketonud pfi pouziti metody SBSE a SPME / Type of regression and cor-
relation coefficients for the calibration of vicinal diketones obtained by SBSE and SPME method

Latka / Compound SBSE

Korelaéni koeficient / Correlation coefficient

SPME
Korelaéni koeficient / Correlation coefficient

Linearni regrese /
Linear curve

Polynom 2. fadu /
Quadratic curve

Linearni regrese / Polynom 2. fadu /
Linear curve Quadratic curve

0.998
0.996

diacetyl
2,3-pentandion / 2,3-pentandione

0.999
0.997

0.986 0.999
0.993 0.999

Tab. 2 Opakovatelnost stanoveni vicinalnich diketon( v pivu metodou SBSE a SPME / Repeatability of the SBSE and SPME procedure for

the determination of vicinal diketones in beer

Latka / Compound SBSE SPME
Opakovatelnost / Pridavek 0,150 mg/I Opakovatelnost / Pridavek 0,150 mg/I
Repeatability Opakovatelnost / Repeatability Opakovatelnost /
RSD (%) Spike 0,150 mg/I RSD (%) Spike 0,150 mg/I
Repeatability RSD (%) Repeatability RSD (%)
diacetyl 20 12 6.6 3.7
2,3-pentandion / 2,3-pentandione 5.6 3.7 5.6 4.1
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¢ini -0,85, zatimco pro diacetyl tato veli-
¢ina nabyva hodnoty -1,34. Pravdépo-
dobné horsi vytéznost a i opakovatelnost
diacetylu je dana tim, Ze v dusledku jeho
mensi molekulové hmotnosti a vyssi po-
larity ma tato latka vétsi tendenci zlstat

Tab. 3 Robustnost SBSE a SPME metody vyjadfena
jako relativni smérodatna odchylka (RSD) poméru
ploch sledované latky k ploSe vnitfniho standardu /
Robustness of SBSE and SPME method expressed
as relative standard deviation (RSD) of the response
ratios of compounds of interest and internal standard

tion of the analyte between octanol and
water as described by octanol-water par-
tition coefficient (K) [39, 40]. The va-
lue of the log K, for 2,3-pentanedione
is -0.85 while the value of log Ko/w for
diacetyl reached only -1.34. So the likely

spiSe ve vodni fazi nez pfejit do nepolarni

reason for poor recovery and also repe-

polydimethylsiloxanové vrstvy. Naproti Latka / SBSE SPME atability is related to the fact that the lo-
tomu SPME vlakno s fazi Carbowax/divi- Compound Robustnost/ | Robustnost/ wer molecular weight diacetyl is too po-
nylbenzen je podstatné vhodné&jsi pro ex- Robustness | Robustness lar and tends to stay behind in the
trakci polarnich sloucenin. RSD (%) RSD (%) aqueous phase. On the other hand

Robustnost SBSE metody byla ové- diacetyl 3.9 SPME fibers coated with Carbowax/di-
fena pomoci porovnani odezvy vicinal- 2,3-pentandion / 3.0 vinylbenzene are much more suitable for
nich diketoni o koncentraci 0,150 2,3-pentandione extraction of polar compounds.

mg/l kazdé latky v zavislosti na rdzném

obsahu ethanolu ve vzorku (0 %, 0,5 %,

1,0 %, 4,0 %, 5,0 %, 8,0 % obj.). Pomér odezvy diacetylu a vnitfniho
standardu vykazuje RSD 5,1 %, pro pomér odezvy 2,3-pentandionu
a vnitfniho standardu je RSD 4,3 %. Metoda SPME z vySe popsa-
nych dlvodu poskytuje lepsi vysledky RSD (tab. 3).

4 ZAVER

Na zakladé provedenych experimentl byly navrzeny tyto pracovni
podminky metody SBSE pro stanoveni vicinalnich diketon( v pivu: 10
ml vzorku s 2,3-hexandionem jakoZto vnitfnim standardem (vysledna
koncentrace 40 pug/l) ve vialce o celkovém objemu 20 ml a pfidavkem
2,0 g chloridu sodného. Vzorek michat Twisterem (délka 10 mm,
tloustka polydimethylsiloxanové faze 0,5 mm) pfi 800 min' za labo-
ratorni teploty po dobu 20 min. Zpétna extrakce analytl se provede
michanim Twisteru v 200 pl hexanu pfi 800 min' béhem 20 min pfi
laboratorni teploté.

Technika sorpéni extrakce na michaci ty¢ince nasledovana zpét-
nou extrakci vicinalnich diketon( z polydimethylsiloxanové faze do or-
ganického rozpoustédla je levnou, jednoduchou, alternativni meto-
dou za pfedpokladu, Ze se diacetyl vyskytuje ve vzorku v koncentraéni
urovni nad 0,100 mg/l. Pfi niz8i koncentraci vzhledem k malé ugin-
nosti extrakce polarniho diacetylu do nepolarni faze Twisteru nelze
metodu SBSE pouzit. To je zasadni nevyhoda, ktera omezuje pouziti
tohoto postupu oproti SPME technice. SPME postup je i Casové méné
narocny, vzhledem ke kfehkosti vidkna, ale vyZaduje zru¢né a opa-
trné zachéazeni.
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Vitamins 2008

Od 9. do 11. zafi 2008 se uskutecnil na Univerzité Tomase Bati ve ZIiné 8. ro¢nik mezinarodni konference VITAMINS — Nutrition and Dia-
gnostics. Kvasny pramysl byl jiz tradiéné medialnim partnerem akce. Hlavnimi organizatory byly spoleénost Radanal, s. r. 0., Pardubice, Spo-
le¢nost pro vyzivu, Praha a Univerzita Toméase Bati (UTB) ve Zliné. Zastitu nad konferenci pfevzali ministr Skolstvi, mladeze a télovychovy
Mgr. Ondfej LiSka a rektor UTB prof. Ignac Hoza.

Konference byla zafazena do systému vzdélavani Ceské lékarnické komory, Ceské asociace sester a Komory vysokokolsky vzdélanych
odbornych pracovnikl ve zdravotnictvi CR. Do Zlina pfijelo cca 200 uéastnikil z 15 zemi.

Registrovano bylo 36 prednasek a 56 posterd. Pfednasky byly rozdéleny do blokU: ,Separace a detekce bioaktivnich latek”, ,Otdzka co
pit, ,Doplnky stravy“. Jednacim jazykem byla angli¢tina, jeden blok vénovany doplfik(m stravy byl prezentovan v ¢estiné. Kazdy z nas, kdo
se nékdy v minulosti zu€astnil nékteré z pfedchazejicich konferenci, potvrdi, Ze jde o konference velmi uzite€né a uspésné.

Jednim ze zajimavych témat byla zména Zivotniho stylu lidi na po€atku 21. stoleti. Sou¢asné generace pfi zméné Zzivotniho stylu smérem
k sedavému zaméstnani, ¢astému pobytu v dopravnich prostfedcich a Ubytku pohybu ztratila rovnovahu mezi pfijmem a vydejem energie. To
je zasadni problém. Je to vidét na USA, které jsou vyvojové pfed nami, a odkud k nam pfiSel tfeba zplsob rychlého stravovani. Studie uka-
zuji, ze vétSina populace bude trpét obezitou a nemocemi, které se na ni navazuji. Cilem konference bylo pfispét k rozSifovani pochopeni,
Ze Uspésné pouzivani riznych doplniku stravy je podminéno znalostmi o jejich plsobeni. Jinak doplriky stravy nebudou pomahat a jejich na-
ferenci se setkali Iékafi, ktefi se zabyvaji zdravotnimi problémy spojenymi s nespravnou vyzivou, odbornici na technologii vyroby potravin, je-
jich analyzu a hodnoceni.

Z pronesenych pfispévkl je vydan sbornik. Informace byly pfedany i do ¢asopisu, vénujicich se vyZzivé a zdravému Zivotnimu stylu.

Podle materialt Radanal, s. r. o., zpracoval Vladimir Kellner



