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Praca porovnava obsah prchavych sirnych zli¢enin v slovenskych pivach. Su to latky s vyraznou senzorickou charakteristikou a nizkym
prahom detekcie, preto mézu arému piva ovplyvnit negativne uz v stopovych mnozstvach. V pive bolo identifikované velké mnozstvo tychto
latok, medzi najvyznamnejsie patria dimetylsulfid, dimetyldisulfid, dimetyltrisulfid, etantiol, etyltioacetat, metantiol, metionol, metyltioacetat,
3-metyltiopropylacetat a sirouhlik.

V prvom kroku sa optimalizovali podmienky adsorpcie na SPME vlakno — teplota adsorpcie, ¢as adsorpcie, objem vzorky a pridavok soli,
nasledne sa meral obsah prchavych sirnych zli¢enin v pive plynovou chromatografiou s plameriovym fotometrickym detektorom (GC-FPD)
po mikroextrakcii na tuhu fazu (SPME). Boli pouzité dva vnutorné Standardy — etylmetylsulfid a 1-propyltioacetat. Zistili sa rozdiely v zastu-
peni jednotlivych zlu€enin v pivach réznych znadiek aj rozdiely medzi pivami s r6znou stupriovitostou.

Sulak, M. — Smogroviéova, D. — Leitner, E.: Comparison of the content of volatile sulphur-containing compounds in Slovak beers
by the SPME method. Kvasny Prum. 54, 2008, No. 3, p. 70-74.

A comparison of volatile sulphur-containing compounds in Slovak beers was performed. These compounds, due to their low sensory
threshold, and powerful and often unpleasant characteristics, can cause off-odours even in trace amounts. A wide variety of sulphur com-
pounds were identified in the beers; the most important ones include dimethyl sulphide, dimethyl disulphide, dimethyl trisulphide, ethanet-
hiol, ethyl thioacetate, methanethiol, methionol, methyl thioacetate, 3-methylthio propylacetate and carbon disulphide.

In the first step, adsorption conditions, such as temperature, time, sample volume and addition of salts, were optimised. The content of vo-
latile sulphur-containing compounds was measured using headspace solid-phase micro-extraction (SPME) coupled with gas chromatography
and flame photometric detection (GC-FPD). Two internal standards were used — ethyl methyl sulphide and 1-propyl thioacetate. Differences
in the profiles of individual compounds in different beer brands as well as differences in the amounts of sulphur-containing compounds in
beers with different gravity were found.

Sulak, M. — Smogroviéova, D. — Leitner, E.: Der Gehaltsvergleich von fliichtigen schwefelhaltigen Stoffen in den slowakischen Bieren
durch die SPME Methode. Kvasny Prum. 54, 2008, Nr. 3, S. 70-74.

Im Artikel wird der Vergleich vom Gehalt von fliichtigen schwefelhaltigen Stoffen in den slowakischen Bieren beschrieben. Es handelt sich
um die Stoffe mit einer ausdruckvollen sensorischen Charakteristik und einer niedrigen Detektionsschwelle, die auch in einer Spurmengen
negativ das Bier beeinflussen kénnen.

Im Bier wurde eine grosse Anzahl an diesen Stoffen identifiziert, unter den bedeutendsten gehdren die folgende Stoffe: Dimethylsulfid, Di-
methyldisulfid, Dimethyltrisulfid, Athantiol, Athyltioazetat, Methantiol, Methionol, Methyltioazetat, 3-Methyltiopropylazetat und Kohlendisulp-
hid. Zuerst wurden die Adsorptionsbedingungen an die SPME Faser — Adsorbtionstemperatur, -zeit, Mustervolumen und Salzzugabe opti-
malisiert, danach wurde der Gehalt an flichtigen schwefelhaltigen Stoffen im Bier durch die Gaschromatografie mit einem
flammenphotometrischen Detektor (GC-FPD) nach der Mikroextraktion an der festen Phase (SPME) gemessen. Zum Messvorgang wurden
zwei Innenstandards — Ethylmethylsulfid a 1-Propyltioazetat angewandt. Es wurden die Unterschiede in Anwesenheit von verschiedenen Ein-
zelstoffen im Bier in Abhangigkeit an der Stammwdrze und Biersorte festgestellt.

Wynak, M. — WmorposuyoBa, [1. — JleutHep, 3.: CpaBHeHUe cofepXKaHUS NeTYy4ux CepHbIX coefuHeHur metogom SPME B
cnoBaukux nusax. Kvasny Prum. 54, 2008, Ho. 3, cTp. 70-74.

CTaTb 3aHNMAETCs CPaBHEHWNEM COAEPXKaHUs NIETYYUX CEPHbIX COeUHEHUI B CMOBALKWX NuBaXx. BblAensioTcs ipKoii CeHCopUYecKomn
XapakTepuCTUKOW U HU3KUM MOPOroM AEeTEeKTUPOBaHWS, U Af1S TOro MOTyT OTpULaTesbHO NMOBMUSITL HA OYKET MUBA Y>KE B PacCesiHHbIX
KonuyecTBax. B nuBe ngeHTUMULMPOBAHO 6OSIbLLOE KOMMHYECTBO 3TUX BellecTB. CambIMU 3HAYUTENBbHBIMU SBSIOTCS AUMETUNCY Nbthug,
AvuMeTUnaucynbu, AUMETUNTPUCYNbUA, STaHTVOS, STUNTMoAUeTaT, MeTaHTUOM, METUOHOM, MeTUNTMoaleTar, 3-MeTUNTUONPONbISI-
aueTarT 1 cepoyrniepog.

B nepsom wary onTumm3vpoBanuck ycrnosust agcopnuum Ha SPME BONOKHO — TemnepaTtypa v nepuog agcopnuum, o6bém npobbl v
npubaeka conen. Cnefom obmepuBanocb COAEPXKaHWE NETYYUX CEpHbIX COeAVMHEHUN B MBE ra3oBOW Xpomartorpaduei ¢ OrHeBbIM
hoTomeTpuyeckum aetektopom (GC-FPD) nocne MMKpO3KCTpakuum Ha TBeppoi hase (SPME). Mcnonb3oBaHbl fBa BHYTPEHHblE
cTaHfapTa — aTUnMeTUncynbdua v 1-nponunTuoauertat. bbinv onpegeneHbl OTIMYUA B 3aMeLeHU OTAENbHbIX COeUHEHU B NuBax
pas3HbIX MapoK W OTIMHUA MEXY PasINYHO KPenkumu nusamu.

Klucové slova: pivo, sirne zltic¢eniny, mikroextrakcia na tuhu fazu,  Key words: beer, sulphur-containing compounds, solid-phase micro-

GC, FPD extraction, GC, FPD
1 UvoD 1 INTRODUCTION
Pivo je komplexna zmes, v ktorej bolo doposial identifikovanych Beer is a complex mixture, in which more than 620 volatile com-

viac ako 620 prchavych latok. Spomedzi nich sa na tvorbe arémy vy-  pounds have been identified so far. From them, also sulphur-contai-
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znamne podielaju aj zliceniny s obsahom siry. Ich vyrazné senzo-
rické charakteristiky a nizky prah detekcie véak mézu na konzumen-
tov vplyvat aj znaéne negativne uz v stopovych mnozstvach [1].Vzhla-
dom na princip funkcie ¢uchového Ustrojenstva je vnimanie voni
znacne individualne a ¢uchovy vnem pre konkrétnu latku sa moze
menit aj v zavislosti od jej koncentracie. Kym v stopovych koncent-
raciach su niektoré z tychto latok ziaduce pre typicki arému, zvyse-
nim ich koncentracie méze dojst az k vyrazne negativnemu ovplyv-
neniu celkovej arémy [2].

Hoci v pive bolo identifikovanych vela prchavych zlu¢enin s obsa-
hom siry, vaésina z nich sa vyskytuje len v stopovych mnozstvach.
Medzi hlavné sirne komponenty piva patri dimetylsulfid (DMS)
a 3-metyltiopropanol (metionol) [1, 3]. Zdroje sirnych latok pre tvorbu
prchavych sirnych zlGéenin pochadzaju zo sladu a chmelu. Vaésina
senzoricky aktivnych sirnych zlGéenin neprechadza do piva priamo
zo surovin, ale vznika v priebehu fermentac¢ného procesu, kedy bunky
kvasiniek metabolickymi premenami tvoria z neprchavych sirnych I1a-
tok prchavé [1]. Niektoré vSak prechadzaju do piva priamo z chmelu,
iné vznikaju aj chemickymi premenami v procese starnutia piva [3,
4]. ESte stale nie si celkom zndme mechanizmy syntézy vSetkych
tychto latok, no je zname, Ze ich tvorba je v priebehu fermentécie ov-
plyvnena mnozstvom faktorov, ako su vlastnosti kvasniéného kmena,
nedostatok Zivin, katiény kovov, redoxny potencial a teplota fermen-
tacie [4].

Vzhladom na nizky obsah prchavych sirnych zlicenin v pive je po-
trebné pred vlastnou chromatografickou analyzou tieto latky vo vzorke
zakoncentrovat. Klasickou metédou je extrakcia do nepolarneho roz-
pustadla alebo staticka headspace extrakcia, no tieto metédy maju
viaceré negativa a obmedzenia, ako je ¢asova naro¢nost, skodlivy
vplyv rozpustadiel a nedostatocna citlivost. Na niektoré extrémne pr-
chavé zli¢eniny su tieto metédy dokonca nepouzitelné. Alternativnou,
relativne novou prekoncentraénou metédou je mikroextrakcia na tuht
fazu (SPME — Solid-Phase Micro-Extraction). Pri pouziti tejto tech-
niky sa prchavé zlu€eniny adsorbuju na povrch tenkého vldkna s na-
nesenou vrstvou aktivnej adsorpénej latky. Nasledne sa vlakno de-
sorbuje v injektore plynového chromatografu a vzorka sa standardne
analyzuje. Aj po zakoncentrovani je v§ak obsah sirnych zli¢enin vo
vzorke velmi nizky, preto sa na detekciu tychto latok po separacii pou-
Zzivaju selektivne detektory, ako je plameriovo-fotometricky detektor
(FPD — Flame Photometric Detector), chemiluminiscenény detektor
(SCD — Sulphur Chemiluminescent Detector), resp. inovovana verzia
FPD, pulzny plameriovo-fotometricky detektor (PFPD — Pulsed Flame
Photometric Detector), ktory vykazuje velmi vysoku citlivost na sirne
zluceniny [4].

Cielom prace bolo optimalizovat metédu pre meranie profilu sir-
nych latok v pive a porovnat obsah prchavych sirnych latok v pivach
slovenskej proveniencie. Sledovala sa zavislost odozvy detektora od
pouzitého objemu vzorky, teploty a ¢asu extrakcie, procesu Upravy
vzorky pred analyzou a pridavku anorganickych soli do vzorky.

2 MATERIAL A METODY

2.1 Vzorky

Na analyzu bolo pouzitych 12 vzoriek vy¢apnych piv a 11 leziakov
pochadzajucich z ésmich slovenskych pivovarov. Vzorky boli zaku-
pené v obchodnej sieti.

2.2 SPME

Na extrakciu sirnych zlG¢enin z headspace priestoru sa pouzilo
SPME vlakno 50/30 um DVB/Carboxen/PDMS Stableflex (57348-4)
od firmy Supelco (Bellefonte, PA, USA), GC bol vybaveny modifiko-
vanym autosamplerom Combi PAL (CTC Analytics, Zwingen, Swit-
zerland) umoznujucom pracu v méde SPME.

2.3 Chromatografia

Analyzy prebiehali na pristroji Agilent 6890A vybavenom plame-
fovym fotometrickym detektorom v méde pre selektivnu detekciu sir-
nych latok (Agilent Technologies, Santa Clara, CA, USA) s nasledo-
vnym prietokom plynov do detektora: vodik 50 ml/min, vzduch 60
ml/min, dusik 60 ml/min. Kapilarna chromatograficka koléna Varian
(CP 8946) FactorFour VF-5MS 30 m X 0,25 mm ID DF=1,0 (Varian,
Darmstadt, Germany).

2.4 Priprava vzorky

Vzorky piva boli pred analyzou vychladené v chladnicke na teplotu
4 °C, aby sa zamedzilo uniku prchavych frakcii [5]. Po otvoreni bolo
pipetovanych 6 ml vzorky do sklenej vzorkovnice na lisovatelny uza-

ning compounds significantly contribute to the aroma formation. But
their distinctive sensory characteristics and a low detection threshold
can also have considerably negative effects on consumers even in
trace amounts [1]. With respect to the principle of the olfactory sys-
tem, the perception of aroma is very individual and the olfactory per-
ception for the compound in question can also vary depending on its
concentration. In trace amounts, some of these compounds are de-
sirable for the typical aroma, but when being present in higher con-
centrations, they can adversely influence the overall aroma [2].

Even though a great number of highly volatile sulphur-containing
compounds has been identified in beer, most of them occur in trace
amounts only. The major sulphur-containing compounds include di-
methyl sulphide (DMS) and 3-methyl thiopropanol (methionol) [1, 3].
The sources of sulphur-containing compounds for the formation of
volatile sulphur-containing compounds originate from malt and hops.
Most of active sulphur-containing compounds influencing the sensory
system do not pass into beer directly from the raw materials, but they
are formed during the fermentation process, when the yeast cells pro-
vide volatile sulphur-containing compounds from non-volatile ones by
metabolic transformations [1]. But some of them do pass into beer
directly from hops; some are also formed by chemical changes in the
process of beer ageing [3, 4]. The mechanisms of the syntheses of
all these compounds are not known completely yet, but it is known
that their formation is influenced during the fermentation process by
a number of factors such as the yeast strain used, lack of nutrients,
metal cations, oxidation-reduction potential and fermentation tempe-
rature [4].

Because of a low content of volatile sulphur-containing compounds
in beer, it is necessary to increase their concentration in the beer
sample before performing the chromatographic analysis. A conventi-
onal method is extraction into a non-polar solvent or static headspace
extraction, but these methods have some shortcomings and limitati-
ons such as time intensity, adverse effect of solvents and insufficient
sensitivity. For some extremely volatile sulphur-containing com-
pounds, these methods are even inapplicable. An alternative is a re-
latively new pre-concentration method called Solid-Phase Micro-Ex-
traction (SPME). When using this method, volatile compounds are
adsorbed on the surface of a thin fibre with applied layer of an active
adsorption compound. The fibre is then desorbed in the injector of
the gas chromatograph and the sample is analysed in a standard
way. Even after increasing the concentration of the sulphur-contai-
ning compounds by the above-mentioned procedure, their content in
the sample is still very low and therefore, selective detectors are used
for the detection of these compounds after being separated (FPD —
Flame Photometric Detector, SCD — Sulphur Chemiluminescent De-
tector or its innovated FPD version and PFPD — Pulsed Flame Pho-
tometric Detector, showing very high sensitivity for sulphur-contai-
ning compounds) [4].

The aim of this work was to optimise the method for the measure-
ment of the profile of the sulphur-containing compounds in beer and
to compare the content of the volatile sulphur-containing compounds
in the beers of Slovak provenience. The dependence of the detector
response on the sample volume used, temperature and time of ex-
traction, process of preparation of the sample before analysis and
addition of salts into the sample was analysed.

2 MATERIALS AND METHODS USED

2.1 Samples

12 samples of draft beers and 11 lager beers from eight Slovak
breweries were used for the analysis. The samples were bought in
the trade network.

2.2 SPME

For extracting sulphur-containing compounds from the headspace,
the SPME fibre 50/30 um DVB/Carboxen/PDMS Stableflex (57348-
4) from company Supelco (Bellefonte, PA, USA) was used, the gas
chromatograph (GC) was equipped with a modified autosampler
Combi PAL (CTC Analytics, Zwingen, Switzerland) allowing to work
in the SPME mode.

2.3 Chromatography

Analyses were performed on the Agilent 6890A gas chromatograph
equipped with a flame photometric detector in the mode for the se-
lective detection of sulphur-containing compounds (Agilent Techno-
logies, Santa Clara, CA, USA) with subsequent flow of gases into the
detector: hydrogen 50 ml/min, air 60 ml/min, nitrogen 60 ml/min. Ca-
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ver s objemom 20 ml obsahujticej 0,6 g NaCl a sklené magnetické
miesadlo. Pred uzatvorenim vzorkovnice uzaverom s PTFE septom
sa ku kazdej vzorke pridalo 10 ul roztoku vnitorného $tandardu s ob-
sahom etylmetylsulfidu (EMS) a 1-propyl-tioacetatu (PrSAc) v eta-
nole (50 % v/v) s takou koncentréciou, aby bol vysledny obsah EMS
vo vzorke 20 ug/l a PrSAc 5 ug/l [1].

2.5 Extrakcia a separacia

Pred vlastnou extrakciou boli vzorky pocas miesania 5 minut tem-
perované na teplotu extrakcie. Extrahovalo sa z priestoru nad mie-
Sanou vzorkou a nasledne desorbovalo 10 minut v injektore plyno-
vého chromatografu v splitless méde pri 270 °C. Ako nosny plyn bolo
pouzité hélium s prietokom 1,8 ml/min. Pre zaciatok teplotného pro-
gramu separacie bola zvolena teplota 35 °C, pri ktorej sa zotrvalo 2
min, nasledoval prechod na 90 °C rychlostou 5 °C/min, 2 min pri
90 °C, dalej prechod na 110 °C rychlostou 5 °C/min, 2 min pri 110 °C
a napokon prechod rychlostou 25 °C/min na teplotu 280 °C a 3 min
pri 280 °C.

3 VYSLEDKY A DISKUSIA

Meranim vzoriek piva pri réznych podmienkach a analyzou ziska-
nych tdajov sa zvolila optimalna teplota, objem vzorky a pridavok
NaCl pre stanovenie prchavych sirnych zli¢enin v pive. Ako vyplyva
z obr. 1, optimalny objem vzorky pri pouziti 20 ml vzorkovnice je
5-6 ml. Preto sa v dalSej sérii experimentov pracovalo s objemom
vzorky 6 ml.

Zo série grafov na obr. 2a—2d je zrejmé, ze so zvysujlcou sa tep-
lotou a ¢asom extrakcie sa zvySuje efektivita extrakcie latok s vys-
§im bodom varu, ako st 3-metyltiopropanol a 3-metyltiopropylacetat,
na Ukor prchavej$ich latok — metantiol, dimetylsulfid.
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Obr. 1/ Fig. 1 Zavislost plochy pikov od objemu vzorky pre latky s roz-
nym retenénym ¢asom. Podmienky extrakcie: 40 min pri 40 °C. Hod-
noty pre 6 ml zodpovedaju 100 %. / Dependence of peak area on
sample volume for compounds with different retention times. Extrac-
tion conditions: 40 minutes at 40 °C. Values for 6 ml correspond to
100 %.

pillary chromatographic column Varian (CP 8946) FactorFour VF-5MS
30 m X 0.25 mm ID DF=1.0 (Varian, Darmstadt, Germany).

2.4 Sample preparation

Before the analysis, beer samples were cooled down in a refrige-
rator to 4 °C to avoid volatile fractions to escape [5]. After opening
the samples 6 ml of the sample were pipetted into a glass sampler
with a pressable closure with a volume of 20 ml containing 0.6 g of
NaCl and a glass magnetic stirrer. Before closing the sampler with
a closure with PTFE septum, the samples were added 10 ul of the
internal standard solution containing ethyl methyl sulphide (EMS) and
1-propyl thioacetate (PrSAc) in ethanol (50 % v/v) with such a con-
centration so that the final content of EMS in the sample was 20 ug/!|
and the content of PrSAc was 5 ug/l [1].

2.5 Extraction and separation

Before extraction, the samples were stirred and tempered for 5 mi-
nutes to the temperature of extraction. The extraction was performed
from the space above the stirred sample, followed by desorption for
10 minutes in the injector of the gas chromatograph in the splitless
mode at 270 °C. Helium as the carrier gas with a flow rate of 1.8
ml/min was used. For the beginning of the temperature program of
separation, the temperature of 35 °C for 2 minutes was selected, then
the sample was warmed to 90 °C at a rate of 5 °C/min, with a rest
time of 2 minutes at 90 °C, the sample was further warmed to 110 °C
at a rate of 5 °C/min, with a rest time of 2 minutes at 110 °C and fi-
nally, the sample was warmed to 280 °C at a rate of 25 °C/min with
a rest time of 3 minutes.

3 RESULTS AND DISCUSSION

Based on the measurement of the beer samples under various con-
ditions and the analysis of the gained data, optimum temperature,
sample volume and NaCl addition were chosen for the determination
of the volatile sulphur-containing compounds in beers. As it can be
seen from Fig. 1, the optimum sample volume, when using a 20 ml
sampler, is 5 to 6 ml. Therefore, the sample volume of 6 ml was used
in the following series of experiments.

It is obvious from the series of graphs on Fig. 2a to 2d that the ef-
ficiency of the extraction of the compounds with a higher boiling po-
int increases with growing temperature and time (3-methyl thio-
propanol and 3-methyl thiopropyl acetate), unlike more volatile
compounds such as methanethiol and dimethyl sulphide.

Further to this, the effect of sample preparation on determination
was studied. The beer samples, from which carbon dioxide was re-
moved by ultrasound, provided comparable results similar to the non-
treated samples, but the reproducibility proved to be higher in case
of the non-treated samples.

The addition of inorganic salts decreases the boiling point of the
compounds in the sample, which in some cases increases the effici-
ency of extraction. For this reason, the addition of 10 % of NaCl or
Na,SO, to the sample was tested. The addition of salts significantly
increases the amount of the compounds with a higher boiling point,
which are adsorbed on the SPME fibre under same conditions of ex-
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Obr. 2a / Fig. 2a Zavislost plochy pikov od ¢asu extrakcie pri 35 °C
pre objem vzorky 6 ml. 100 % predstavuju hodnoty namerané po ex-
trakcii 45 minut pri 40 °C. / Dependence of peak area on extraction
time at 35 °C for sample volume of 6 ml. 100 % represent the values
measured for the extraction for 45 minutes at 40 °C.

Obr. 2b / Fig. 2b Zavislost plochy pikov od asu extrakcie pri 40 °C
pre objem vzorky 6 ml. 100 % predstavuju hodnoty namerané po ex-
trakcii 45 minut pri 40 °C. / Dependence of peak area on extraction
time at 40 °C for sample volume of 6 ml. 100 % represent the values
measured for the extraction for 45 minutes at 40 °C.
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Obr. 2c / Fig. 2c Zavislost plochy pikov od ¢asu extrakcie pri 45 °C
pre objem vzorky 6 ml. 100 % predstavuju hodnoty namerané po ex-
trakcii 45 minut pri 40 °C. / Dependence of peak area on extraction
time at 45 °C for sample volume of 6 ml. 100 % represent the values
measured for the extraction for 45 minutes at 40 °C.

Dalej sa sledoval vplyv Upravy vzorky na stanovenie. Vzorky piva,
v ktorych bol oxid uhli¢ity odstraneny Gcinkom ultrazvuku, poskyto-
vali porovnatelné vysledky ako vzorky neupravené, avsak reprodu-
kovatelnost sa ukazala byt vyssia pri vzorkach bez upravy.

Pridavok anorganickych soli znizuje bod varu latok vo vzorke, ¢o
v niektorych pripadoch zvySuje efektivitu extrakcie. Z tohto dévodu
bol testovany pridavok 10 % NaCl alebo Na,SO, k vzorke. Pridavok
soli vyznamne zvySuje mnozstvo latok s vy$sim bodom varu, ktoré
sa adsorbuju na SMPE vlakno pri rovnakych podmienkach extrakcie
ako bez pridavku soli. NaCl sa v tomto smere ukazal byt efektivnejsi
ako Na,SO,.

Na zaklade vysledkov merani sa zistilo, Ze optimalne podmienky
Casu a teploty extrakcie st 40 minut pri 40 °C, resp. 30 minut pri 45 °C,
avsak s pridavkom NaCl, ktory vyrazne zvySuje mnozstvo extraho-
vanych latok na SPME vlakno. Z hladiska efektivneho vyuzitia pri-
stroja je vhodnejSie pouZit asovo menej naro¢ny variant, pretoze ¢as
analyzy je takisto 30 minut. Preto boli pre SPME extrakciu pri pouziti
vzorkovnic s objemom 20 ml zvolené nasledovné podmienky: objem
vzorky: 6 ml, teplota extrakcie: 45 °C, ¢as extrakcie: 30 minut, prida-
vok NaCl: 0,6 g.

Obr. 3 znazorfiuje typicky FPD chromatogram SPME vzorky piva.
Vyskytuju sa tam piky vSetkych beznych sirnych zlicenin obsiahnu-
tych v pive a piky vnutornych Standardov etylmetylsulfidu a propylti-
oacetatu.

Pri merani vzoriek piva je nevyhnutné zabezpecit, aby bola me-
rana vzdy Cerstvo pripravend vzorka, z dévodu vyraznych zmien
v pive pocas statia pri izbovej teplote. Metantiol podlieha dimerizacii
na dimetyldisulfid, ¢asom dochadza aj k tvorbe sulfidu uhli¢itého.
Tento fakt vedie aj k problémom pri kvantifikacii, napr. pri metantiole

Obr. 2d / Fig. 2d Zavislost plochy pikov od ¢asu extrakcie pri 50 °C
pre objem vzorky 6 ml. 100 % predstavuji hodnoty namerané po ex-
trakcii 45 minut pri 40 °C. / Dependence of peak area on extraction
time at 50 °C for sample volume of 6 ml. 100 % represent the values
measured for the extraction for 45 minutes at 40 °C.

traction as without the addition of the salts. In this case, NaCl proved
to be more efficient than Na,SO,.

Based on the results of the measurement, it was found that the
optimum conditions of time and temperature are 40 minutes at 40 °C
or 30 minutes at 45 °C, but with the addition of NaCl, which signifi-
cantly increases the amount of the extractable compounds on the
SPME fibre. From the point of the efficient use of the analytical de-
vice it is more appropriate to use less time-consuming alternatives,
since the time of analysis is 30, too. Therefore, the following conditi-
ons were chosen for SPME extraction using 20 ml samplers: sample
volume of 6 ml, extraction temperature of 45 °C, extraction time of 30
minutes and addition of NaCl of 0.6 g.

Fig. 3 shows a typical FPD chromatogram of an SPME beer sam-
ple. Here can be found peaks of all usual sulphur-containing com-
pounds contained in beer as well as peaks internal standards of et-
hyl methyl thiosulphide and propy! thioacetate.

For the measurement of the beer samples is absolutely necessary
to ensure that always a fresh prepared sample is measured due to
significant changes in beer samples during resting at room tempe-
rature. Methanethiol dimerises to dimethyl sulphide, carbon disulp-
hide is also formed after a certain period of time. This can cause pro-
blems for quantification and for example, the standard sample of
methanethiol dimerises immediately. The values measured for some
volatile sulphur-containing compounds significantly depend on the
concentration of ethanol in the sample being analysed. Ethanol binds
these compounds in the solution, which effects the extraction and
therefore, their concentration measured is lower than the real one.
This problem can be resolved by using internal standards. Each sam-
ple was measured at least three times.

Identifikované piky

Metantiol (MeSH)

Dimetylsulfid (DMS)

Sulfid uhliéity (CS,)

Etylmetylsulfid (EMS) / vnatorny Standard
Metyltioacetat (MeSAc)

Dimetyldisulfid (DMDS)

Etyltioacetat (EtSAc)

Propyltioacetat (PrSAc) / vnutorny Standard
3-metyltiopropanol (metionol)

10. 3-metyltiopropylacetat (3-MeSPrAc)

CONDO AN~

Identified peaks

1. Methanethiol(MeSH)

2. Dimethyl sulphide (DMS)

3. Carbon disulphide (CS.)

4. Ethyl methyl sulphide (EMS) / internal standard
L 5. Methyl thioacetate (MeSAc)

I . ,‘k

L 6. Dimethyl disulphide (DMDS)

7. Ethyl thioacetate (EtSAc)

Obr. 3/ Fig. 3Typicky FPD chromatogram SPME vzorky piva/ Typical FPD SPME-chro-

matogram of a beer sample

8. Propyl thioacetate (PrSAc) / internal standard
9. 3-methyl thiopropanol (methionol)
10. 3-methyl thiopropyl acetate (3-MeSPrAc)
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dochéadza k okamzitej dimerizacii vaésiny
Standardu. Namerané hodnoty niektorych
prchavych sirnych zliéenin vyrazne zavisia
od koncentracie etanolu vo vzorke. Etanol

Tab. 1 Priemerné plochy pikov sirnych zli¢enin vo vzorkach slovenskych piv (N — nemera-
telné hodnoty) / Average peak areas of sulphur-containing compounds in samples of Slovak
beers (N — non-measurable values)

viaze tieto latky v roztoku, Co vedie k ov- sy yzorky MeSH | DMS | MeSAc | DMDS | Methionol | 3-MeSPrAc
plyvneniu extrakcie, a preto je ich namerana

koncentracia nizéia ako skutodna. Tento / Sample code

problém sa riesi pouzitim vnatornych Stan- A10A 105 2942 N 51 262 110
dardov. Kazda vzorka bola merana mini- A12A 135 6808 N 35 393 167
mélne trikrat. R . [a108 203 5513 41 27 323 82

Ako vidno z tab. 1, nie je mozné na prvy
pohlad uréit jednoznacny trend obsahu pr- A12B 131 4876 N 41 596 130
chavych sirnych zlu¢enin v pive v zavislosti A10C 129 2297 N 26 348 182
od pivovaru, ani od stupriovitosti piva. Aj A12C 218 3108 N N 312 257
rozdiely medzi jednotlivymi zna¢kami v pro- A10D 160 4084 N N 254 2]
dukcii jedného pivovaru st znacéné.

Senzorickou analyzou sa zistilo, Ze sirne B10A 366 4152 104 61 182 92
zltéeniny ani v jednom pripade negativne B12A 208 2486 52 28 N 42
neovplyviovali aromu piva. C10A 105 7104 70 30 1230 115

C12A 115 4110 N 29 1522 292

PODAKOVANIE C10B 155 10515 63 N 1433 278

D10A 205 10785 75 60 628 20

Praca bola vypracovana vdaka podpore D12A 159 5423 643 71 435 24
programu Central European Exchange Pro-

gram for University Studies CII-HU-023-01- | E10A & S 05 (7] & Y &

0607, ClI-HU-023-02-0708 a Vedeckej E12A 238 1665 237 30 190 83

grantovej agentlry Ministerstva Skolstva F10A 191 3927 179 N 269 73

SR a Slovenskej akadémie vied VEGA, reg. F12A 173 4944 184 N 363 172

¢ 1/0786/08. F12B 222 3239 | 310 N 204 52

Zpracovano podle posteru na G10A 69 2802 169 53 482 336

22. Pivovarsko-sladarskych dnech G12A 78 6167 137 32 620 673

Loktoroval M. Tomds Hordke | 108 9 | 7o L N | 30 | ow 4

Do redakce doslo 14. 1. 2008 LH12A 7| 2 i X 25 e
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As it can be seen from Table 1 is not possible to immediately de-
termine unequivocal trend of the content of the volatile sulphur-con-
taining compounds in beer depending on in what brewery it was bre-
wed or on beer gravity. Also differences between individual brands
made by one brewery are considerable.

Based on the sensory analysis made, it was found that the sulp-
hur-containing compounds in no single case adversely influenced the
beer aroma.
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