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1 UvoD

Jak jiz bylo zminéno v prvnim dile tohoto €lanku, vénovaném pro-
blematice vzniku a analyzy aromatickych alkohold [1], pfitomnost
téchto latek ovliviiuje v pozitivnim i negativnim smyslu vysledny sen-
zoricky charakter piva. Udaje o obsazich t&chto latek v pivech se véak
znacné lisi, stejné jako udaje o jejich prahovych hodnotach vnimani.
Je to zplsobeno nejen raznymi pouzitymi metodami jejich extrakce
a stanoveni, ale i tim, Ze vysledny senzoricky viem zavisi na mnoz-
stvi a slozeni doprovodnych senzoricky aktivnich latek, tj. zejména
ester(l, alkoholl, hotkych kyselin apod. V této ¢asti prace jsme zma-
povali bézné dosahované hodnoty obsahu aromatickych alkoholli
v ¢eskych pivech. Dale jsme se pokusili ziskat prvni informace o vlivu
pouzité technologie vyroby nealkoholického piva na obsah a zastou-
peni v ném obsazenych zastupct jednotlivych aromatickych alkoholu.
Bézné pouzivané metody stanoveni, zminéné v prvnim dile tohoto
pojednani, nejsou vétSinou schopny, s ohledem na jejich dosazitel-
nou mez stanoveni a dynamicky rozsah, obsahnout celé spektrum
aromatickych alkoholl. Je to zptsobeno znaénymi rozdily v jejich kon-
centraci, dosahujicimi v nékterych pripadech az nékolika radd. Nové
vyvinuta metoda stanoveni vy$Sich aromatickych alkohol pomoci ex-
trakce na pevné fazi (SPE) a detekce na pfistrojovém spojeni kapi-
larniho plynového chromatografu a kvadrupdélového hmotnostniho
spektrometru (GC-MS) vSak tento nedostatek odstranila. Umoznila
sledovat Siroké spektrum aromatickych alkoholl pfitomnych v pivu
bez nebezpedi ovlivnéni vysledkl necitlivymi extrakénimi podmin-
kami, napf. zvySenou tepelnou zatézi matrice pfi destilaci.

Keywords: aromatic alcohols, solid phase extraction (SPE), gas
chromatography-mass spectrometry (GC-MS)

1 INTRODUCTION

As mentioned in the first part of this article dedicated the proble-
matic nature of the origin of aromatic alcohols and their analysis [1],
the presence of these substances has an influence on the resulting
characteristics of beer in both a negative and a positive sense.

Both the published data about the content of these substances and
the data on their perception threshold value differ considerably.

The reason is not only the use of different extraction and analyti-
cal methods, but also, the sensory perception depends on the quan-
tity and the composition of the sensory active substances present,
namely esters, alcohols, bitter acids etc. In this part the usual values
for the content of aromatic alcohols in Czech beers are given. Furt-
hermore, first investigations about the influence of the production
technology used for non-alcoholic beers on the content of the speci-
fic aromatic alcohols were made. By using the common methods for
the determination mentioned in the first part of this study, it is mostly
not possible to identify the whole spectrum of the aromatic alcohols
because of their limited sensitivity and dynamic scope. This is cau-
sed by large differences in the concentration, which can reach a fac-
tor of several hundreds. The newly developed method for the deter-
mination of higher molecular weight aromatic alcohols using solid
phase extraction followed by gas chromatography/ quadruple mass
spectrometry overcomes these problems. It enables the determina-
tion of a wider scale of aromatic alcohols in beer without the danger
of influencing the results due to crude extraction conditions, for exam-
ple from the enhanced temperature of the matrix during distillation.
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2 EXPERIMENTALNI CAST

2.1 Extrakce aromatickych alkoholii metodou SPE a jejich
stanoveni na pristrojovém spojeni GC-MS 3
K extrakci aromatickych alkoholl z piva byla pouzita metoda Culik
et al. [2], pracujici na principu SPE. Vlastni stanoveni analyt( bylo pro-
vedeno novym postupem pomoci pfistrojového spojeni GC-MS. Pro
orientaci zde uvadime pouze zakladni udaje, detailni Udaje jsou uve-
deny v prvnim dile tohoto pojednani [1].

Pouzité pristroje, zafizeni a chemikalie

Pristroje, zafizeni a chemikalie:

— plynovy chromatograf — hmotnostni spektrometr: Trace GC Ultra —
DSQ Il

— data systém: Excalibur (GC-MS)

— kapilarni kolona RTx-5Sil MS Integra Guard (30 m, vnitfni primér
0,25 mm, tloustka faze 0,25 um)

— voda Cisténa reversni osmosou na zafizeni Millipore Milli-RO 5plus

— hélium o ¢istoté 5,0 Messer (pro GC-MS)

— dusik o Cistoté 4.8

— extrakéni (SPE) kolonky LiChrolut EN 200 mg (Merck)

— pouzité standardy: guajakol, tryptofol, 4-ethylguajakol, 4-vinylgua-
jakol, eugenol (Sigma — Aldrich), tyrosol, 4-ethylfenol (Fluka), 2-fe-
nylethanol (Merck).

Extrakéni postup:

Pfiblizné 50 ml vzorku piva odplynime v ultrazvukové lazni a pH
vzorku upravime pfidavkem roztoku hydroxidu sodného (o koncent-
raci 10 mol/l) na hodnotu 8,5. Poté odméfime do zkumavky 10 ml
takto upraveného vzorku a pfiddme 0,1 ml roztoku vnitfniho stan-
dardu (4-ethylfenol) o koncentraci cca 30 mg/l.

Extrakéni (SPE) kolonku LiChrolut EN 200 mg kondicionujeme na
zafizeni pro extrakci na pevné fazi nasledujicim zplsobem. Kolonku
promyjeme postupné 2 ml methanolu a poté 2 ml vody, jejiz pH bylo
upraveno na hodnotu 8,5. Po kondicionovani nesmi kolonka vy-
schnout, a proto ihned na kolonku pfevedeme 10 ml vzorku uprave-
ného vyse popsanym zplsobem. Priichod methanolu, vody i vzorku
kolonkou je urychlen pGsobenim vakua z membranové vyvévy. Po
priichodu vzorku kolonku proplachneme opét 2 ml vody (pH = 8,5).
VSe jimame do centrifuga¢ni zkumavky, jejiz obsah nasledné vy-
prazdnime do odpadu. Kolonku vyjmeme ze zafizeni pro extrakci na
pevné fazi a nasadime na usti ventilu na dusikové bombé. Mirnym
proudem dusiku po dobu asi 3 min kolonku vysuSime. ViditeIné ze-
svétleni naplné je znakem dokonalého vysu$eni. Dale kolonku opét
nasadime do zafizeni pro extrakci na pevné fazi a provedeme eluci
2 ml ethylacetatu. Prosati kolonky provedeme vakuoveé pomoci mem-
branové vyvévy. Eluat jimame do kalibrované koénické zkumavky
a déle bez zahusténi jeho ¢ast pfevedeme do vialky opatfené inser-
tem a Sroubovacim vi¢kem. Vialky se vzorky pfechovavame v mra-
zaku pfi teploté — 18 °C.

Podminky na pristrojovém spojeni GC-MS

GC podminky: Spojeni GC — MS (Trace GC Ultra — DSQ II)

Kolona: RTx5-Sil MS Integra Guard, 30 m, vnitfni primér 0,25 mm,
tloustka faze 0,25 um (Restek)

Injektor: 250 °C, splitless 1 min (split flow 50 ml/min)

Objem nastfiku: 1 ul

Teplota transfer line GC-MS: 250 °C

Teplota zdroje MS: 200 °C

Teplotni program pece pro kolonu RTx5-Sil MS:

70°C (1 min)—17 °C/min — 155 °C (0 min) — 25 °C/min —260 °C (2 min)

Kvantitativné byl obsah aromatickych alkohol(i stanoven v SIM
madu (selected ion monitoring). Zakladni udaje o vybranych iontech
vyuzitych pro kvantifikaci stanovenych slou¢enin jsou uvedeny v tab.
2 v prvnim dile tohoto pojednani [1].

2.2 Stanoveni obsahu aromatickych alkohold v ¢eskych pivech

Obsah aromatickych alkoholl byl stanoven v pivech z deviti pivo-
varl (oznac¢enych P1 az P9) vyrabéjicich jak vyCepni piva a lezaky,
tak i piva nealkoholicka. Uvadéné vysledky odpovidaji primérnym
hodnotam dosazenym ve vzorcich na podzim roku 2007 a jafe roku
2008. Jednalo se o pivovary stfedné velké a velké, pouzivajici pfi vy-
robé vy&epnich piv a lezakl klasickou technologii vyroby ¢eského
piva.V pfipadé nealkoholickych piv se vSak pouzity technologicky po-
stup mezi jednotlivymi pivovary od sebe znacné lisil. Tato piva byla
vyrobena bud preruSenym kvasenim, s pouzitim specialniho druhu
kvasinek, nebo vakuovou destilaci alkoholického piva. V tab. 1 jsou

2 EXPERIMENTAL

2.1 Extraction of aromatic alcohols with SPE followed by
GC-MS determination B
For the extraction of aromatic alcohols the SPE method from Culik
et al. [2] was used. The determination was accomplished with a new
GC-MS process. Since the detailed description of the method was pub-
lished in the first part, only basic information is given in this study [1].

Instrumentation, operating conditions and chemicals

— gas chromatograph-mass spectrometer: Trace GC Ultra — DSQ I

— data system: Excalibur (GC-MS)

— capillary column RTx-5Sil MS Integra Guard 30 m x 0,25 mm i.d.
and 0,25 um film thickness (Restek)

— operating conditions:

— helium carrier gas (for GC-MS), purity 5,0 Messer, nitrogen, purity
4.8,

— injector temperature 250 °C, splitless 1 min (split flow 50 ml/min),
injection volume 1 nl

— temperature of the transfer line GC-MS: 250°C

— temperature of MS: 200°C

— oven temperature program for column RTx5-Sil MS: initial tempe-
rature 70 °C (hold for 1 min), increasing up to 155 °C at a rate of
17 °C/min and then at a rate of 25 °C/min to 260 °C (hold for 2 min)

— water deionised with Millipore Milli-RO 5plus

— extraction columns (for SPE) LiChrolut EN 200 mg (Merck)

— used standards: guaiacol, tryptophol, 4-ethylguaiacol, 4-vinylguai-
acol, eugenol (Sigma- Aldrich), tyrosol, 4-ethylphenol (Fluka), 2-
phenylethanol (Merck)

Extraction procedure

Approximately 50 ml of the beer sample were degassed in an ult-
rasonic bath. The pH was adjusted up to 8.5 with a NaOH solution
(10 mol/l). 10 ml of the sample and 0.1 ml of 4-ethylphenol as inter-
nal standard (concentration approx. 30mg/l) were transferred to a test
tube.

SPE column LiChrolut EN 200 mg was conditioned in the device
for SPE as follows: The column was washed first with 2 ml ethanol
followed by 2 ml water (with pH adjusted to 8.5). Immediately after
conditioning 10 ml of the prepared sample was transferred to the co-
lumn. The column mustn’'t dry out! The transit through the column
was speeded up with a membrane vacuum pump. After the transit of
the sample the column was washed with 2 ml water (pH at 8.5). The
eluate obtained was rejected. The column was removed from the SPE
device, inserted on the valve mouth of the nitrogen cylinder and dried
under a gentle nitrogen stream for approx. 3 min. The column is com-
pletely dry if the contents of the column light up visibly.

Afterwards, the dry column was returned to the SPE device and
eluted with 2 ml ethyl acetate. As before, for the elution the mem-
brane vacuum pump was employed. The eluate was collected in a ca-
librated conical tube. A part of it was directly transferred to a screw-
capped vial with an insert. The vials containing the samples were
stored at a temperature of —18°C.

The quantitative determination of aromatic alcohols was performed
in SIM (selected ion monitoring) mode. The basic data about the se-
lected ions used for the quantification of the set compounds are gi-
ven in Tab. 2 in the first part of this study [1].

2.2 Quantitative determination of aromatic alcohols in Czech
beers

The content of aromatic alcohols was determined in beers from 9
breweries (designated as P1 to P9) producing draft beers and lager
beers as well as non-alcoholic beers.

The results correspond to the average values obtained from sam-
ples from autumn 2007 and spring 2008. Medium sized and large
breweries using the classical Czech brewing technology for the pro-
duction of draft and lager beers were involved. However, in the case
of non-alcoholic beers the production technology in different brewe-
ries varied considerably. These beers were produced either by inter-
rupted fermentation, or by using a specific yeast strain, or by vacuum
distillation of alcoholic beer. Tab. 1. gives a summary of determined
values.

Furthermore, during two years the content of aromatic alcohols in
commercial beers from others breweries (20 samples) was monito-
red at random. The comparison of the published values and deter-
mined values of selected aromatic alcohols in Czech pale draft be-
ers and lager beers from the both series, their threshold values and
sensory evaluation are given at Tab. 2.
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Tab. 1 Obsahy aromatickych alkoholl ve vzorcich ¢eskych komerénich piv u vybranych pivovar(i / Concentration of aromatic alcohols in sam-
ples of commercial beers from selected breweries

Latka / Compound

Guajakol /| 2-fenylethanol / | 4-ethylguajakol / | 4-vinylguajakol / | Eugenol / | Tyrosol / | Tryptofol /
Guaiacol | 2-phenylethanol | 4-ethylguaiacol | 4-vinylguaiacol Eugenol | Tyrosol | Tryptophol
Vzorek / Sample mnozstvi (mg/l) / content (mg/l)
P1 nealko / non-alcoholic beer 0.003 3.0 0.003 0.38 <0.01 1.29 0.12
P1 vy&epni / draft beer 0.003 12.7 0.005 1.71 <0.01 8.37 0.31
P1 lezak / lager beer 0.004 13.0 0.003 2.76 <0.01 10.86 0.27
P2 nealko / non-alcoholic beer 0.002 0.4 0.001 0.33 <0.01 0.27 0.04
P2 vy&epni / draft beer 0.004 8.7 0.002 1.97 <0.01 7.29 0.11
P2 lezak / lager beer 0.003 13.9 0.003 1.79 <0.01 7.54 0.21
P3 nealko / non-alcoholic beer 0.001 0.9 0.001 0.29 <0.01 0.55 0.04
P3 lezak / lager beer 0.003 12.0 0.001 1.33 <0.01 7.50 0.23

P4 vy&epni / draft beer 0.002 10.4 0.002 0.69 <0.01 7.59 0.22
P4 lezak / lager beer 0.003 14.1 0.002 0.81 <0.01 7.44 0.25
P5 nealko / non-alcoholic beer 0.004 1.1 0.003 0.64 0.010 1.17 0.12
P5 vy&epni / draft beer 0.003 12.5 0.002 1.34 <0.01 7.45 0.19
P5 lezak / lager beer 0.003 16.3 0.003 1.51 <0.01 9.05 0.21
P6 nealko / non-alcoholic beer 0.001 0.5 0.001 0.43 <0.01 0.35 0.04
P6 vycepni / draft beer 0.002 13.6 0.001 1.97 <0.01 5.45 0.30
P6 lezak / lager beer 0.003 16.4 0.002 2.78 <0.01 5.96 0.39
P7 nealko / non-alcoholic beer 0.001 1.4 0.001 0.39 <0.01 0.79 0.05
P7 vy&epni / draft beer 0.002 18.0 0.003 1.64 <0.01 12.38 0.23
P7 lezak / lager beer 0.002 20.0 0.003 1.86 <0.01 12.61 0.24
P8 nealko / non-alcoholic beer 0.001 0.4 0.001 0.35 <0.01 0.24 0.04
P8 vycepni / draft beer 0.003 7.8 0.003 1.48 <0.01 7.58 0.09
P8 lezak / lager beer 0.003 19.6 0.003 1.93 <0.01 10.56 0.11
P9 nealko / non-alcoholic beer 0.011 12.6 0.010 2.19 0.03 6.71 0.26
P9 vy&epni / draft beer 0.011 13.5 0.011 2.87 0.03 6.39 0.24
P9 lezak / lager beer 0.011 13.8 0.013 3.51 0.03 7.42 0.32

zelené Fadky — prerusSené kvaseni / green row — interrupted fermentation
modry fadek — specidlni kmen kvasinek / blue row — specific yeast strain

Zluty fadek — vakuova destilace / yellow row — vacuum distillation

uvedeny souhrnné stanovené hodnoty. Déle byl v intervalu dvou let
namatkové sledovan obsah aromatickych alkohold v komerénich pi-
vech z ostatnich tuzemskych pivovard (20 vzorku). Celkové porov-
nani tabelovanych a stanovenych hodnot obsahu vybranych aroma-
tickych alkoholl v ¢eskych svétlych pivech, jejich prahové hodnoty
a smyslové charakteristiky jsou uvedeny v tab. 2.

3 VYSLEDKY A DISKUSE

Ziskané vysledky u piv z deviti vybranych pivovar(i jsou souhrnné
uvedeny v fab. 1. Barevné jsou zde od sebe odliSena nealkoholicka
piva vyrobena pferusenym kvasenim (zeleng), specialné pouzitym
kmenem kvasinek (modre) a vakuovou destilaci (Zluté).

Je zfejmé, Ze zatimco v obsazich guajakolu, 4-ethylguajakolu a eu-
genolu nebyly pozorovany vyznamné rozdily mezi pivy vyéepnimi, le-
z4aky i nealkoholickymi pivy, u ostatnich aromatickych alkohold tomu
bylo pravé naopak. U tyrosolu, tryptofolu, 4-vinylguajakolu a 2-feny-
lethanolu byl pozorovan zpravidla narlst v obsahu téchto latek u le-
zakl v porovnani s pivy vyéepnimi. V pfipadé 2-fenylethanolu byl na-
vic zaznamenan i vyznamny rozdil mezi pivy rliznych vyrobca.

Z vySe uvedenych vysledkl i z vysledkd namatkovych odbérl je
patrné, Zze obsahy sledovanych aromatickych alkohol( ve vy€epnich
pivech a lezacich kolisaly v $ir§im rozsahu a ze jejich hodnoty v né-
kterych pfipadech pfekro€ily dosud zvefejnéné hodnoty zahraniénimi
autory (fab. 2).

| kdyz nebylo primarnim zamérem této prace detailné zkoumat vliv
technologie vyroby piva na obsah aromatickych alkoholl, nebot se
jednalo o Uvodni studii, je ze ziskanych vysledkl zfejmé, ze zvolené
parametry vyroby (kvasnié¢ny kmen, zpusob kvaseni, dealkoholizace
apod.) zna¢né ovliviiuji obsah téchto senzoricky vyznamnych latek
ve findlnim vyrobku [3]. Markantné se to projevilo zejména u piv ne-
alkoholickych, jak je zfejmé z obr. 1. Vyznamny je zde zejména po-

3 RESULTS AND DISCUSSION

The summary of the results obtained from the beers of the 9 se-
lected breweries is shown in Tab. 1. Non-alcoholic beers produced by
interrupted fermentation are marked in green, beers produced by
using a special yeast strain are marked in blue and beers produced
by vacuum distillation of alcoholic beer are marked in yellow.

It is clear that the contents of guaiacol, 4-ethylguaiacol and euge-
nol in draft beers, lager beers and non-alcoholic beers were similar,
but the contents of other aromatic alcohols differ. The contents of ty-
rosol, tryptophol, 4-vinylguaiacol and 2-phenyl-ethanol were, as a rule
higher in lager beers when compared to draft beers.

The content of 2-phenylethanol varied significantly even amongst
the same type of beers from different producers.

Both the shown results and the results from commercial beers from
other breweries indicate that the contents of selected aromatic alco-
hols in draft and lager beers varied quite widely. The values found were
in some cases higher than those published by others authors Tab 2.

Even though the main aim of this study wasn’t to investigate the
effect of brewing technology on the content of aromatic alcohols, due
to the preliminary character of this study, it was obvious, that the cho-
sen production parameters such as yeast strain, kind of fermentation
and dealcoholisation have a big impact on the content of these sen-
sory important compounds in the final product [3].

Especially for non-alcoholic beers the biggest impact could be seen
Fig.1. The values of 2-phenylethanol in non-alcoholic beers (with excep-
tion of non-alcoholic beers produced by vacuum distillation) are substan-
tially lower when compared with the values from draft and lager beers.

Apart from 2-phenylethanol whose content in beers was several
fold higher than the content of other aromatic alcohols, higher values
of tyrosol and 4-vinylguaiacol were also found. The values of 4-vi-
nylguaiacol were even several times higher than the values for pale
bottom fermented beers found in studies by other authors [4-8].
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Obr.1 Obsah vys8ich aromatickych alkoholli v nealko pivech v zavislosti na pouzité technologii / Fig. 1 Concentration of higher molecular we-

ight aromatic alcohols in non-alcoholic beers in relationship to the technology used

Vzorky P1-P9 nealko / Samples P1-P9 non alcoholic beer
Standardy: guajakol, tryptofol, 4-ethylguajakol, 4-vinylguajakol, eugenol (Sigma- Aldrich), tyrosol, 4-ethylfenol (Fluka), 2-fenylethanol (Merck)

|/ Standards: guaiacol, tryptophol, 4-ethylguaiacol, 4-vinylguaiacol, eugenol (Sigma- Aldrich), tyrosol, 4-ethylphenol (Fluka), 2-phenylethanol

(Merck)

Pivovary P1-P3, P5—P8 pracuji technologii pferuSeného kvadeni / Breweries P1—P3 and P5-P8 use the technology of interrupted fermen-

tation

Pivovar P4 pouziva specialni druh kvasinek / Brewery P4 uses a specific yeast strain

Pivovar P9 vyuziva vakuovou destilaci piva / Brewery P9 uses a vacuum distillation of the beer
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Tab. 2 Porovnani tabelovanych a béznych hodnot obsahu vybranych aromatickych alkoholl v ¢eskych svétlych pivech, jejich prahové hod-

noty a smyslova charakteristika / Comparison of published concentrations of aromatic alcohols with values found in selected pale Czech la-

ger and draft beers, their perception threshold value and their sensory characteristic

Latka / Rozsah koncentraci Pozorovany rozsah koncentraci Prahova | Smyslova charakteristika
Compound udavanych zahraniénimi u éeskych piv (svétlé pivo hodnota |/ Sensory characteristic
autory (svétlé pivo) (mg/l) / vycepni a lezaky) min. / vnimani
Concentration range found| max./ pramér / median (mg/l) / (mgll) /
by foreigner authors *°¢ Concentration range in Czech Perception
(pale beer) (mg/l) beers (pale draft and lager beer) | threshold
min. / max. / average / median value
(mg/l) (mg/l)

2-fenylethanol / 8-235 20.0/6.45/6.79/6.65 125 viiné rdzova, nasladle
2-phenylethanol parfémova / aroma rosey,

sweetish parfume
guajakol / guaiacol 0.01 —0.02 0.001/0.030/0.017/0.010 NS fenolova, pfipalena

/ phenolic, burnt
eugenol / eugenol 0.02 0.01/0.034/0.01/0.01 NS kofenéna, peprova

| spicy, peppery
4-ethylguajakol / 0.01 - 0.1 0.001/0.013/0.01/0.01 0.1 fenolova, horka
4-ethylguaiacol / phenolic, bitter
4-vinylguajakol / 0.05 - 0.55 0.26/3.51/1.48/2.07 0.3 fenolova, po rukavicich
4-vinylguaiacol (glove), horka / phenolic,

glove-like, bitter
tyrosol / tyrosol 3-22 4.85/12.61/6.26/6.04 100 — 200 | horkd, chemicka

/ bitter, artificial
tryptofol / tryptophol 0.1-1.7 0.11/0.39/0.18/0.15 400 chlebova / bread-like

NS = neuréena / not determined
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zorovany pokles obsahu 2-fenylethanolu (s vyjimkou nealkoholického
piva vyrobeného vakuovou destilaci) v porovnani s pivy vy&epnimi
a lezaky. Kromé 2-fenylethanolu, jehoz obsah v pivech fadové pre-
vySoval obsahy ostatnich aromatickych alkohold, byl u sledovanych
vzorku piv pozorovan i vyssi obsah tyrosolu a 4-vinylguajakolu. U po-
sledné jmenovaného byly zjistény obsahy nékolikanasobné prevysu-
jici hodnoty uvadéné zahrani¢nimi autory pro tento typ svétlych,
spodné kvaSenych piv [4-8]. Lze to vysvétlit i tim, Ze nové navrzeny
postup stanoveni vyuziva velmi Setrny zplsob extrakce stanovenych
latek a navic pracuje s metodou pfidavku interniho standardu, coz
kompenzuje mozné ztraty analytu béhem extrakce a nasledné ana-
lyzy. Ziskané poznatky budou v budoucnu vyuZity pfi detailnim stu-
diu vlivu technologickych podminek a pouzitého typu kvasnic na ob-
sah aromatickych alkohold ve vyrabéném pivu a dale pfi typizaci
znacek Ceskych piv.

4 ZAVER

Navrzena metoda stanoveni aromatickych alkohold v pivu pomoci
SPE a jejich nasledna GC-MS detekce byla uspésSné odzkouSena
v praxi pfi sledovani obsahu aromatickych alkoholli v komerénich pi-
vech ¢eského typu.

V pfipadé guajakolu, 4-ethylguajakolu a eugenolu nebyly pozoro-
vany vyznamné rozdily v jejich obsazich jak u piv vy&epnich, tak i le-
28kl a piv nealkoholickych. U tyrosolu, tryptofolu, 4-vinylguajakolu
a 2-fenylethanolu byl pozorovan narlst v obsahu téchto latek u le-
zaka, v porovnani s pivy vy€epnimi. V pfipadé 2-fenylethanolu, ktery
Ize povaZovat za hlavniho pfedstavitele aromatickych alkoholl v pivu,
byl navic zaznamenan i vyznamny rozdil v jeho obsahu mezi pivy riz-
nych vyrobc.

Obsahy sledovanych aromatickych alkoholl ve vyéepnich pivech
a lezacich kolisaly v SirSim rozsahu a jejich hodnoty v nékterych pfi-
padech, jako napfiklad v pfipadé 4-vinylguajakolu, prekro&ily hodnoty
uvadéné zahrani¢nimi autory. Moznym vysvétlenim je fakt, ze kromé
pouzité citlivé a vysoce specifické metody stanoveni aromatickych al-
koholt pomoci GC-MS, byl vyuzit i velmi Setrny zplsob jejich extrakce
a k vyhodnoceni metoda interniho standardu kompenzuijici vliv moz-
nych ztrat stanovenych latek béhem extrakéniho postupu.
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The possible explanation is the very gentle extraction process used
in the newly proposed procedure. Also the introduction of an internal
standard to the sample at the very beginning of the extraction com-
pensates for possible losses during the extraction and improves the
precision of the analytical method.

The information obtained will be used for a detailed study about
the influence of the process technology and the yeast strain used, on
the content of aromatic alcohols in the beers produced and for the
classification of Czech beer brands.

4 CONCLUSIONS

The proposed method for the determination of aromatic alcohols
in beer using the SPE followed by GC-MS was successfully tested in
practice for commercial Czech-type beers.

For guaiacol, 4-ethylguaiacol and eugenol no significant differen-
ces in the contents of these aromatic alcohols in draft and lager be-
ers as well as in non-alcoholic beers were found. Contents of tyro-
sol, tryptophol, 4-vinylguaiacol and 2-phenylethanol were higher in
lager beers when compared to draft beers. In the case of 2-pheny-
lethanol which is the most characteristic compound among the aro-
matic alcohols in beer, significantly different values were found in the
beers from various producers.

The contents of observed aromatic alcohols in draft and lager be-
ers varied within a wide range and sometimes their values, for exam-
ple in the case of 4-vinylguaiacol exceeded values published by fore-
ign authors. The possible explanation for this is the use of a highly
specific GC- MS technique for the determination of the aromatic al-
cohols as well as the very gentle method for their extraction. Additio-
nally, the introduction of an internal standard to the sample at the very
beginning of the extraction improved the precision of the analytical
procedure by compensating for possible losses during the extraction.
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