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1 UvOoD

Se stoupajicimi znalostmi o sloZeni piva roste i pocet sloucenin,
ovliviujicich v mensi i vétsi mife jeho senzorické vlastnosti. Kon-
centrace mnohych z nich pfekracuji prahové hodnoty vnimani
a podstatné ovliviuji chut piva (vy$Si alifatické alkoholy, diacetyl,
estery nizsich mastnych kyselin), jiné se vyskytuji ve velmi nizkych
koncentracich, ¢asto se pohybujicich pod prahovou hodnotou vni-
mani. Je vSak dulezité si uvédomit, Ze teprve celkovy soubor jejich
Gcinkd ovliviiuje vysledny senzoricky profil piva a uréuje tak jeho
charakter. Mezi latky s vyznamnymi senzorickymi vlastnostmi, je-
jichz pocet jiz pfesahl 450, se bezesporu fadi i aromatické alko-
holy, nékdy téz nazyvané alkoholy fenolické. Na rozdil od ostatnich
tékavych latek (esterti mastnych kyselin, nizSich a vysSich alifatic-
kych alkoholl) neni o obsahu a senzorickych vlastnostech aroma-
tickych alkoholl pfitomnych v pivu publikovano pfili§ mnoho infor-
maci. Cilem prace bylo proto vypracovat spolehlivou a rychlou
metodu stanoveni této skupiny latek v béznych pivech, ale i v pi-
vech s niz§im obsahem alkoholu a porovnat dosazené vysledky
s vysledky dosud publikovanymi. To umozni v budoucnu stanovit
obsah aromatickych alkoholll jako vyznamnych senzoricky aktiv-
nich latek, s vyssi citlivosti a pfesnosti a pfipadné zpresnit nebo
doplnit dosud udavané tabelarni hodnoty jejich obsah v pivu. Toto
dale umozni dokonale definovat po analytické strance senzoricky
profil piva a vyhodnotit dopad zvolenych technologickych zasahl
pfi jeho vyrobé.

Keywords: aromatic alcohols, solid phase extraction, SPE, mass
spectrometry, GC-MS

1 INTRODUCTION

The number of compounds which affect more or less beer’s sen-
sory characteristics grows as the knowledge of beer composition bro-
adens. The concentration of many of these compounds surpasses
the sensory threshold values and they significantly affect the taste of
beer (higher aliphatic alcohols, diacetyl, lower fatty acid esters). Ot-
her compounds are present in very low concentrations below the sen-
sory threshold value. It is important to note that only the overall set
of their effects influences the resultant sensory profile of the beer and
thus shapes its character. Aromatic alcohols, sometimes referred to
as phenolic alcohols, undoubtedly belong among the substances with
significant sensory characteristics, whose number has already ex-
ceeded 450. In contrast to other volatile substances (fatty acid es-
ters, lower and higher aliphatic alcohols), not much information has
been published regarding the content and sensory characteristics of
aromatic alcohols in beer. Therefore, the aim of the work was to cre-
ate a reliable and fast method for determining this group of substan-
ces in usual beers as well as in beers with less alcohol and to com-
pare the obtained results with those already published. This will
enable to determine the content of aromatic alcohols as significant
sensory active substances with higher precision and possibly to spe-
cify or complete the current reference tables with values of their con-
tent in beer. Furthermore, this will allow to perfectly define the ana-
lytic aspect of the sensory profile of beer and to evaluate the influence
of the technological steps selected during its production.
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2 LITERARNI PREHLED

2.1 Aromatické alkoholy, jejich vznik, vyskyt a vyznamné sen-
zorické vlastnosti

Hlavnimi pfedstaviteli aromatickych alkohold v pivu jsou 2-fenylet-
hanol, guajakol a jeho derivaty 4-vinylguajakol a 4-ethylguajakol, eu-
genol, tyrosol a tryptofol (obr. 7).

Aromatické alkoholy 2-fenylethanol, tyrosol a tryptofol jsou ob-
dobné jako vyssi alifatické alkoholy produkovany kvasinkami katabo-
lickym nebo anabolickym procesem béhem kvaseni. V prfipadé pro-
cesu katabolického, kdy ziskava burika energii rozkladem substratu
(mladiny), bunika pfeménuje aminokyseliny pfitomné v mladiné po-
moci transaminaéniho cyklu za pfitomnosti kyseliny a-ketoglutarové
na prislusné a-ketokyseliny. Pfebytek a-ketokyselin je dale dekarbo-
xylovan na aldehydy a ty jsou nasledné redukovany enzymem
alkoholdehydrogenazou na alkoholy. Pfi procesu anabolickém jsou
vy$S8i alkoholy naopak syntetizovany z a-ketokyselin vzniklych pfi syn-
téze aminokyselin z cukrG pfitomnych v mladiné [1-5]. Napfiklad
2-fenylethanol takto vznika z fenylalaninu jeho deaminaci a oxidativni
dekarboxylaci pfes meziprodukt kyselinu fenylpyrohroznovou [6]. Ty-
rosol obdobnym zpUsobem z tyrosinu pres p-hydroxyfenylacetalde-
hyd [7]. Na vznik 2-fenylethanolu maji podstatny vliv podminky kva-
Seni, tj. napfiklad imobilizace kvasni¢nych bunék [8]. Bylo zjisténo, ze
se na tvorbé vyssich alifatickych alkoholt i 2-fenylethanolu podili kva-
sinky i v pribéhu zrani piva v lezackém sklepé [6]. VySe popsanymi
mechanismy lze objasnit vznik 2-methylpropanolu z valinu, 3-met-
hylbutanolu z leucinu, 2-methylbutanolu z isoleucinu, 2-fenylethanolu
z fenylalaninu, tryptofolu z tryptofanu a tyrosolu z tyrosinu. AvSak
tvorbu nékterych alkoholll obsazenych v pivu nebylo mozné reaké-
nim mechanismem navrzenym Ehrlichem [1] vysvétlit, protoZe se od-
povidajici vychozi aminokyseliny nevyskytovaly v mladiné. Také rych-
lost ubytku aminokyselin ze substratu a tomu odpovidajici pfirtstky
vyssich alkoholll a jejich finalni obsah neodpovidal pfedpokladu, Ze
by mohly byt tyto aminokyseliny jedinym zdrojem pro vznik vy$Sich
alkohold. Z vysledkl vyzkumnych praci Ize vyvodit, Ze produkce vys-
Sich alkoholl souvisi také s metabolismem sacharidd [9-11]. V sou-
¢asné dobé se tedy povazuji za prekurzory vyssich alkoholll zejména
a-ketokyseliny, které jsou meziproduktem metabolismu aminokyse-
lin i sacharidd.

Na obsah 2-fenylethanolu v pivu ma dale vliv i pouzity technolo-
gicky postup pfi vyrobé piva, napfiklad zplsob jeho dealkoholizace
[12] nebo prubéh varu mladiny [13].

Zatimco pfitomnost 2-fenylethanolu je v pivu vnimana spiSe pozi-
tivné, nebot se projevuje pfijemnou kvétinovou vani (po rizich), pfi-
tomnost guajakolu a jeho derivatt 4-ethyl a zejména 4-vinylguajakolu
mUize pfi pfekro€eni béznych hodnot znamenat vyznamny negativni
vliv na vysledny senzoricky

2 LITERARY OVERVIEW

2.1 Aromatic alcohols, their formation, presence and significant
sensory characteristics

The main representatives of aromatic alcohols in beer are 2-phe-
nylethanol, guaiacol and its derivates 4-vinylguaiacol and 4-ethylgu-
aiacol, eugenol, tyrosol and tryptophol (Fig. 7).

Similarly as higher aliphatic alcohols, the aromatic alcohols 2-phe-
nylethanol, tyrosol and tryptophol are produced by yeast in a cata-
bolic or anabolic pathway during fermentation. In the catabolic path-
way where the cell gains energy from the breakdown of the (hopped)
wort, the cell transforms the amino acids present in the (hopped) wort
into a-keto acids by a transamination reaction with the presence of
a-ketoglutaric acid. The surplus of a-keto acids is decarboxylated to
aldehydes, which are then reduced by an alcohol dehydrogenase en-
zyme to alcohols. During the anabolic process, higher alcohols are
synthesized from a-keto acids, which are produced by the synthesis
of amino acids from sugars present in the (hopped) wort [1-5].

For example, 2-phenylethanol forms this way by deamination and
oxidative decarboxylation of phenylalanine with phenylpyruvic acid
as an intermediate [6]. Similarly, tyrosol forms from tyrosine over p-
hydroxyphenylacetaldehyde [7]. Fermentation conditions, such as im-
mobilization of yeast cells, have a considerable influence on the for-
mation of 2-phenylethanol [8]. It was found that yeast contributes to
the formation of higher aliphatic alcohols and 2-phenylethanol even
during beer ageing in the ageing cellars [6]. The abovementioned me-
chanisms illustrate the formation of 2-methylpropanol from valine,
3-methylbutanol from leucine, 2-methylbutanol from isoleucine,
2-phenylethanol from phenylalanine, tryptophol from tryptophane,
and tyrosol from tyrosine. Nevertheless, it was not possible to explain
the formation of some alcohols contained in beer by the reaction me-
chanism proposed by Ehrlich [1], because the corresponding reac-
tant amino acids were not present in (hopped) wort. Furthermore, the
rate of the decrease of amino acids from the substrate and the cor-
responding increase of higher alcohols and their resultant content did
not correspond with the assumption that these amino acids could be
the only source for the formation of higher alcohols. From results of
research projects, it can be concluded that the production of high al-
cohols is also associated with metabolism of saccharides [9-11]. The-
refore, especially a-keto acids, which are an intermediate of meta-
bolism of both amino acids and saccharides, are currently considered
precursors of higher alcohols.

The technological method used in beer production, such as the
process of dealcoholization [12] or the course of (hopped) wort boil
[13], affects the 2-phenylethanol content in beer.

While the presence of 2-phenylethanol in beer is perceived rather
positively, as it gives a ple-
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sladiny respektive mladiny mohou byt volné fenolkarbonové kyseliny
prevedeny termalni dekarboxylaci [16] a naslednymi Maillardovymi
reakcemi na odpovidajici fenoly, fenolethery, a-pyrony, coz jsou latky,
které jsou pokladany za latky zvySujici aroma. Proto byly detailné stu-
dovany zmény obsahu 4-vinylguajakolu [19, 20] béhem varu mladiny.
Dosud publikované poznatky tykajici se vlivu technologickych pod-
minek na vznik aromatickych alkoholl véetné vysledk( viastniho stu-
dia ulohy kvasniéného kmene na vznik aromatickych alkoholtd v za-
vislosti na podminkach kvaseni uvadgji Culik et al. [21].

Zakladni udaje o bézném rozsahu koncentraci aromatickych alko-
holll ve svétlych pivech, jejich prahovych hodnotach a smyslové cha-
rakteristice jsou uvedeny v tab. 1 [22-25]. Je zde vSak nutné uvést,
Ze se od sebe rdznymi autory uvadéné hodnoty v nékterych pfipa-
dech znacné lisi, coz je zplisobeno nejen pouzitym analytickym po-
stupem, ale i rznymi druhy piv.

vy
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flavour in wine caused not only by the presence of wild yeast Sac-
charomyces cerevisiae, but also by representatives of other varieties,
for ex. Rhodotorula, Candida, Cryptococcus, Hansenula, Pichia
a Brettanomyces [18]. During wort and hopped wort production, free
phenolcarbonic acids can be transformed by thermal decarboxyla-
tion [16] and by Maillard’s reactions into the corresponding phenols,
phenyl ethers, y-pyrons, which are substances that are considered to
enhance aroma. For that reason, changes in 4-vinylguaiacol content
[19, 20] were studied in detail during (hopped) wort boil. Culik et al.
[21] present the thus far published findings regarding the influence
of technological conditions on the formation of aromatic alcohols inc-
luding results from a study of the effect of a yeast variety on the for-
mation of aromatic alcohols in relation to fermentation conditions.
The main information about the usual range of aromatic alcohol
concentrations in lager (pale) beers, their threshold values and sen-

Tab. 1 Bézné hodnoty obsahu vybranych aromatickych alkoholli ve svétlych pivech, jejich prahové hodnoty a smyslova charakteristika / Usual
values of content of selected aromatic alcohols in lager (pale) beers, their sensory threshold values and characteristic

Bézny rozsah koncentraci Prahova hodnota

. svétlé pivo) (mg/l) / vnimani (mg/l) / Smyslova charakteristika /

Latka / Substance Us:fal congentl?a(tio?r r)ange Sensory tl(rregsh)old S‘;nsory characteristic
(pale beer) (mg/L) values (mg/L)

2-Fenylethanol / 2-Phenylethanol 8-35 125 Rose scent, sweet perfume
Guajakol / Guaiacol 0.01-0.02 NS Phenolic, burnt
Eugenol / Eugenol 0.02 NS Spicy, peppery
4-Ethylguajakol / 4-Ethylguaiacol 0.01-0.1 0.1 Phenolic, bitter
4-Vinylguajakol / 4-Vinylguaiacol 0.05-0.55 0.3 Phenol, glove, bitter
Tyrosol / Tyrosol 3-22 100-200 Bitter, chemical
Tryptofol / Tryptophol 0.1-1.7 400 Bready
4-Ethylfenol / 4-Ethylphenol 0-0.01 0.3 Phenolic
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2.2 Analyza aromatickych alkoholt

Pavodné byly aromatické alkoholy stanovovany spektrofotome-
tricky [26, 27]. Izolace byla provadéna nejcastéji destilaci vzorku piva
[28]. Metodu vhodnou pro selektivni stanoveni 2-fenylethanolu publi-
koval Stevens [29]. Tyrosol a tryptofol stanovil pomoci plynové chro-
matografie Nykanen [30]. ProtoZe plati, Ze dosazené vysledky v roz-
hodujici mife ovliviiuje pouZity izolaéni postup, byla plivodné bézné
pouzivana destilaéni metoda modifikovana a pfipadné doplnéna
o dal$i kroky, napfiklad precisténi na sloupci oxidu hlinitého [31]. K ex-
trakci byla vyzkousena rizna rozpoustédla jako napfiklad sirouhlik
a hexanol [32], ethylacetat [33,34] nebo smés pentan-diethylether
[14]. V posledni dobé se vSak dostavaji do popredi moderni sepa-
racni postupy, mezi néz napfiklad patfi extrakce na pevné fazi (SPE).
Saegusa a kol. [35] izolovali guajakol spole¢né s katecholem z mogi
extrakci na kolonce plnéné silikagelem (Extrelut 3). Vyuzili derivati-
zacni silylaéni postup a derivaty stanovili pomoci pfistrojového spo-
jeni GC-MS. Kombinaci destilace s vodni parou a SPE pouzil Don-
hauser a kol. [36]. Aromatické alkoholy a ostatni fenoly Ize stanovit
i ve formé jejich 2-4-dinitrofenylderivatd pomoci plynové kapilarni
chromatografie [37]. Stale vice nalézaji v této oblasti uplatnéni i me-
tody vyuzivajici k detekci hmotnostni spektrometrii (GC-MS) ve spo-
jeni s koncentraénimi metodami, jako napf. ,purge and trap“ metodou
[38] nebo metodou mikroextrakce na pevné fazi (SPME) [39]. Velmi
presné vysledky, avSak za nesrovnatelné vysSich naklad(, Ize ziskat
metodou GC-MS vyuzivajici postup izotopového zfedovani, kdy se
ke kvantifikaci pfitomného analytu pouzivaji nejcastéji deuterované
analogy stanovené latky [40, 41]. Ke stanoveni 4-vinylguajakolu Ize
pouzit i pfistrojové spojeni HPLC s fluorescenénim detektorem
(FPLC-FD), kdy Ize dosahnout detekéni limit 0,002 mg/l, nebo s elek-
trochemickym detektorem s ponékud horsi mezi detekce okolo 0,01
mg/I [42]. Obdobné pouzili pfi stanoveni obsahu 2-fenylethanolu, ty-
rosolu a tryptofolu v pivu Li et al. [43] spojeni HPLC s detektorem
s diodovym polem (DAD, diode array detector).

Pfi stanoveni obsahu 4-ethylfenolu a 4-ethylguajakolu ve viné byla
pouzita i vysokoucinna kapalinova chromatografie ve spojeni s tan-
demovou hmotnostni spektrometrii (HPLC-MS-MS) a kombinaci de-
tektoru s diodovym polem a detektoru fluorescenéniho (DAD-FD) [44].
Aromatické alkoholy Ize vSak stanovit i takovymi neobvyklymi meto-
dami, jako je napfiklad micelarni elektrokinetickd chromatografie
(MEKC) [45] nebo metodou jednoduché nuklearni rezonance ('H
NMR) ¢i dokonce dvoudimenzionalni nuklearni rezonance (2D NMR),
schopnych rozliSit od sebe i jednotlivé znacky piv [46-48]. Naklady
na pofizeni posledné jmenovanych pfistroj vSak fadové prevysuji
normalni pofizovaci néklady, a proto se tento zplisob v bézné praxi
zatim neuplatiuje.

3 EXPERIMENTALNI CAST

3.1 Extrakce aromatickych alkoholll metodou SPE a jejich sta-
noveni na pristrojovém spojeni GC-MS

K extrakci aromatickych alkohol(l z piva byla pouzita metoda Cu-
lika et al. [49] pracujici na principu SPE. Vlastni stanoveni analytt bylo
provedeno novym postupem pomoci pfistrojového spojeni GC-MS.
Detailni Udaje jsou uvedeny dale.

3.1.1 PouZzité pristroje, zafizeni a chemikalie
Pristroje a zafizeni:

— plynovy chromatograf-MS: Trace GC Ultra — DSQ I
— data systém: Excalibur (GC-MS)

— susarna KBC G — 100/250

— ultrazvukova lazen Tesla

— lednice s mrazni¢kou

— membranova vyvéva

— zafizeni pro extrakci na pevné fazi (Supelco)

— stojan na zakoncentrovani extraktt proudem dusiku
— pH meter PHM 84

— myc¢ka nadobi Miele

Material:

— kénicka zkumavka o objemu 10 ml s jemnym kalibrovanim do 1 ml
— centrifuga¢ni zkumavka o objemu cca 10 ml se zabrusem NZ 14/19
— kadinky 250 ml, 150ml

— pipeta o objemu 20 ml

— pipeta o objemu 1 ml

— odmérny valec o objemu 25 ml

sory characteristics are listed in tab. 1 [22-25]. It is important to note,
that the listed values vary greatly in some cases from different aut-
hors due to the analytical method used and different types of beers.

2.2 Analysis of aromatic alcohols

At first, aromatic alcohols were determined by spectrophotometry
[26, 27]. Isolation was most often done by distilling the beer sample
[28]. Stevens published a suitable method for selective determination
of 2-phenylethanol [29]. Nykanen determined tyrosol and tryptophol
using gas chromatography [30]. Since the isolation method used con-
siderably affects the obtained results, the initially commonly used di-
stilling method was modified and sometimes accompanied by addi-
tional steps, for example purification on an aluminum oxide filled
column [31]. Various solvents such as carbon disulphide and hexa-
nol [32], ethylacetate [33, 34] or pentane-diethylether mixture [14]
were tested for extraction. However, modern separation methods, for
instance solid phase extraction, have recently been taking over the
lead. Seagusa et al. [35] isolated guaiacol along with catechol from
urine by extraction on silicagel-filled column (Extrelut 3). They used
derivative silylation method and determined the derivates using the
GC-MS combination. Donhauser et al. [36] used a combination of di-
stillation with water steam and SPE. It is possible to determine aro-
matic alcohols and other phenols also in the form of their 2-4-di-
nitrophenylderivates using gas capillary chromatography [37]. More
and more applications are found for methods using mass spectro-
metry (GC-MS) in combination with concentration methods, for in-
stance “purge and trap” method [38] or solid phase microextraction
[39]. Very precise results can be attained, although with incomparably
higher expenses, by the GC-MS method which uses isotope dilution,
where most often deuterated analogs of the determined substance
are used for the quantification of the analyte [40-41].

Combination of HPLC with fluorescent detector (FPLC-FD), with
a possible limit of detection of 0,002 mg/l, or electrochemical detec-
tor with a somewhat worse detection range of around 0,01 mg/l can
also be used to determine 4-vinylguaiacol [42]. Similarly, Li et al. [43]
used a combination of HPLC with a diode array detector (DAD) when
determining 2-phenylethanol content.

High performance liquid chromatography in combination with tan-
dem mass spectrometry (HPLC-MS-MS) and a combination of diode
array detector and fluorescent detector (DAD-FD) have been used to
determine 4-ethylphenol and 4-ethylguaiacol content in wine [44]. Ho-
wever, aromatic alcohols can also be determined by such unusual met-
hods as are for example micellar electrokinetic chromatography
(MEKC) [45], simple nuclear magnetic resonance (1H NMR) or even
two-dimensional nuclear magnetic resonance (2D NMR), able to di-
stinguish different beer brands [46-48]. However, the expenses with ac-
quisition of the instruments mentioned last exceed the normal acqui-
sition expenses, and so this method is not yet used in regular practice.

3 EXPERIMENTAL SECTION

3.1 Extraction of aromatic alcohols by SPE and their determi-
nation on GC-MS

The method used by Culik et al. [49] working on the SPE principle
was used to extract the aromatic alcohols from beer. The actual de-
termination of analytes was performed by a new method using a com-
bination of GC-MS. Detailed information follows.

3.1.1 Instruments, equipment and chemicals used
Instruments and equipment:

— gas chromatograph-MS: Trace GC Ultra — DSQ |l

— data system: Excalibur (GC-MS)

— drying oven KBC G — 100/250

— ultrasound bath Tesla

— refrigerator with freezer

— membrane vacuum pump

— solid phase extraction equipment (Supelco)

— stand for increasing concentration of extracts by nitrogen flow
— pH meter PHM 84

— dishwasher Miele

Material:

— conic test tube with volume of 10 ml with fine calibrating to 1 ml

— centrifugal test tube with volume of cca 10 ml with a ground joint
neck NZ 14/19
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— odmérny valec o objemu 50 ml

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

— stfikacky (Hamilton) o objemu 10 ul, 100 a 500 ul

— odmérna barka o objemu 10 ml se zdbrusem a sklenénou zatkou

— odmérna barka o objemu 50 ml se zdbrusem a sklenénou zatkou

— nalevka

— skladany filtraéni papir

Chemikalie:

— ethanol, methanol, aceton p. a. (Lachema)

— ethylacetat (Merck)

— hydroxid sodny

— voda €isténa reversni osmosou na zafizeni Millipore Milli-RO 5plus
— hélium o Cistoté 5.0 Messer (pro GC-MS)

— dusik o ¢istoté 4.8

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

Chromatografické standardy:

— guajakol, tryptofol, 4-ethylguajakol,
(Sigma- Aldrich)

— tyrosol, 4-ethylfenol, (Fluka)

— 2-fenylethanol (Merck)

4-vinylguajakol, eugenol

3.1.2 Analyticky postup stanoveni aromatickych alkoholu
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-ethylfenolu) o koncentraci cca 30 mg/l.

Extrakeni (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-

— beakers 250 ml, 150 ml

— pipette with volume of 20 ml

— pipette with volume of 1 ml

— graduated cylinder with volume of 25 m

— graduated cylinder with volume of 50 ml

— capillary column RTx-5Sil MS Integra Guard (30 m, 0.25 mm,
0,25 um)

— syringe (Hamilton) with volume of 10 ul, 100 and 500 wl.

— measuring flask with volume of 10 ml with a ground joint neck and
glass stopper

— measuring flask with volume of 50 ml with a ground joint neck and
glass stopper

— funnel

— folded filtration paper

Chemicals:

— ethanol, methanol, acetone p. a. (Lachema)

— ethylacetate (Merck)

— sodium hydroxide

— water purified by reverse osmosis on Millipore Milli-RO 5plus in-
strument

— helium with purity 5.0 Messer (for GC-MS)

— nitrogen with purity 4.8

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

Chromatography standards:

— guaiacol, tryptophol, 4-ethylguaiacol, 4-vinylguaiacol, eugenol
(Sigma- Aldrich)

— tyrosol, 4-ethylphenol, (Fluka)

— 2-phenylethanol (Merck)

3.1.2 Analytic method of determining aromatic alcohols
Extraction method:

Degas approximately 50 ml of beer sample in ultrasound bath and
adjust the pH of the sample to 8.5 by adding sodium hydroxide so-
lution (10 mol/l concentration). Measure 10 ml of the prepared sam-

Tab. 2 Zakladni udaje o stanovenych slou¢eninach / Essential information about determined substances

Latka / Substance CAS Priblizny retencni cas / Molekulova hmotnost | Charakteristické ionty
Approximate retention / Molecular mass / Typical ions
time (min) (EI-SIM)
Guajakol / Guaiacol 90-05-1 474 124 81, 109, 124
(2-methoxyphenol)
2-Fenylethanol / 2-Phenylethanol 60-12-8 5.00 122 91, 92, 122
4-Ethylfenol / 4-Ethylphenol (IS) 123-07-9 5.40 122 77,107, 122
4-Ethylguajakol / 4-Ethylguaiacol 2785-89-9 6.37 152 123, 137, 152
4-Vinylguajakol / 4.-V/nylgua/acol 7786-61-0 6.67 150 107, 135, 150
(2-methoxy-4-vinylphenol)
Eugenol / Eugenol
(2-methoxy-4-(2-propenyl)phenol) 97-53-0 6.96 164 103, 149, 164
Tyrosol / Tyrosol
(2-(4-hydroxyphenyl)ethanol) 501-94-0 7.43 138 107, 138
Tryptofol / Tryptophol
(3-(2-hydroxysthyl)indol) 526-55-6 9.33 161 130, 161

Tab. 3 Linearita stanoveni / Linearity determination

Koncentrace / Linearni regresni koeficient / Linearni stanoveni /
Latka / Substance Concentration range Linear regression coefficient | Linear regression coefficient
(mg/l) (column CP-Sil 8 CB) (column RTx5-Sil MS)
Guajacol / Guaiacol 0-27.8 0.9956 0.9996
2-Fenylethanol / 2-Phenylethanol 0-26.4 0.9952 0.9984
4-Ethylguajakol / 4-Ethylguaiacol 0-49.8 0.9953 0.9998
4-Vinylguajakol / 4-Vinylguaiacol 0-38.2 0.9882 0.9994
Eugenol / Eugenol 0-27.4 0.9913 0.9995
Tyrosol / Tyrosol 0-30.6 0.9867 0.9976
Tryptofol / Tryptophol 0-29.6 0.9745 0.9955
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Tab. 4. Opakovatelnost a vnitrolaboratorni reprodukovatelnost (kolona RTx5-Sil MS) / Intralaboratory reproducibility and repeatability (column

RTx5-Sil MS)

Pramérny obsah / Opakovatelnost variaéni Vnitrolaboratorni reprodukovatelnost

Latka / Substance Average content koeficient / Repeatability variacni koeficient / Intralaboratory
(mg/l) coefficient of variation (%) reproducibility coefficient
of variation (%)

Guajacol / Guaiacol 0.003 325 7.28
2-Fenylethanol / 2-Phenylethanol 23.05 5.80 5.84
4-Ethylguajakol / 4-Ethylguaiacol 0.001 12.1 14.58
4-Vinylguajakol / 4-Vinylguaiacol 1.095 6.54 6.76
Eugenol / Eugenol 0.008 9.77 15.46
Tyrosol / Tyrosol 11.88 2.48 3.31
Tryptofol / Tryptophol 0.447 4.55 6.21

ného vyse popsanym zplsobem. Priichod methanolu, vody i vzorku
kolonkou je urychlen plisobenim vakua z membranové vyvévy. Po pra-
chodu vzorku kolonku proplachneme opét 2 ml vody (pH = 8,5). VSe
jimame do centrifuga¢ni zkumavky, jejiz obsah nasledné vyprazdnime
do odpadu. Kolonku vyjmeme ze zafizeni pro extrakci na pevné fazi
a nasadime na Usti ventilu na dusikové lahvi. Mirnym proudem dusiku
po dobu asi 3 min kolonku vysusime. Viditelné zesvétleni naplné je
znakem dokonalého vysus$eni. Déle kolonku opét nasadime do zafi-
zeni pro extrakci na pevné fazi a provedeme eluci 2 ml ethylacetatu.
Prosati kolonky provedeme vakuové pomoci membranové vyvévy.
Eluat jimame do kalibrované kénické zkumavky a dale bez zahusténi
jeho ¢ast prevedeme do vialky opatfené insertem a Sroubovacim. Vi-
alky se vzorky pfechovavame v mrazaku 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, 0,25 mm, 0,25 um, (Restek)
nebo alternativné CP-Sil 8 CB (50 m, 0,25 mm, 0,25 um),
(Chrompack)

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 CP-Sil 8 CB:

70 °C (3 min) =7 °C/min =150 °C (0 min) —10 °C/min —260 °C (2 min)

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 alkohold stanoven v SIM
médu. Zakladni udaje jsou uvedeny v tab. 2.

3.1.3 Porovnani délici schopnosti kolon RTx5-Sil MS a CP-Sil 8 CB
Pro stanoveni aromatickych alkoholli byly zvoleny kiemenné kapi-
larni kolony smocené nepolarni fazi, tj. pouze s 5 % dimethylpolysi-

ple into a test tube and add 0,1 ml of standard solution (4-ethylphe-
nol) of 30 mg/l concentration.

Condition the extraction (SPE) column LiChrolut EN 200 mg on
equipment for solid phase extraction in the following way. Rinse the
column with 2 ml of methanol and then with 2 ml of water, whose pH
has been adjusted to 8.5. The column must not dry after the conditi-
oning and therefore immediately transfer 10 ml of the sample, pre-
pared by the abovementioned way, to the column. The flow of met-
hanol, water and then sample is made faster by the vacuum from the
vacuum pump. Once the sample has flowed through the column, rinse
it again with 2 ml of water (pH = 8.5). Collect everything into a cent-
rifugal test tube, whose content then empty into the drain. Remove
the column from the equipment for solid phase extraction and place
it at the mouth of the valve on a nitrogen cylinder.

Dry the column with moderate nitrogen flow for about 3 min. A vi-
sibly lighter colour of the filling signifies thorough drying. Place the
column back into the equipment for solid phase extraction and per-
form elution of 2 ml of ethylacetate. Perform suction of the column by
vacuum using the membrane vacuum pump. Collect the eluate into
a calibrated conical test tube and then without thickening transfer
a part of it to a screw cap vial. Store the vials with samples in the fre-
ezer at— 18 °C.

Conditions on GC-MS

GC conditions: Connection GC — MS (Trace GC Ultra — DSQ 1)

Column: RTx5-Sil MS Integra Guard, 30 m, 0.25 mm, 0.25 um, (Restek)
or alternatively CP-Sil 8 CB (50 m, 0.25 mm, 0.25 um),
(Chrompack)

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

sample volume: 1 ul

Transfer line temperature GC-MS: 250 °C

Source temperature MS: 200 °C

Temperature program of oven for column CP-Sil 8 CB:

70 °C (3 min) =7 °C/min =150 °C (0 min) =10 °C/min =260 °C (2 min)
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Obr. 2 Chromatogram roztoku standardd aromatickych alkoholG
na koloné CPSil8-CB (konc. rozsah 10 az 20 mg/l) / Fig. 2 Chroma-
togram of solution of standards of aromatic alcohols on column CP-
Sil8-CB (conc. range 10 to 20 mg/l)

Obr. 3 Chromatogram roztoku standardd na koloné RTx-5Sil MS
(konc. rozsah 10 az 20 mg/l) / Fig. 3 Chromatogram of solution of
standards of aromatic alcohols on column RTx-5Sil MS (conc. range
10 to 20 mg/l)
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Tab. 5 Spravnost a shodnost / Precision and accuracy

Latka / Substance Primérna vytéznost / Average yield (%) Shodnost / Precision (RSD) (%)
Guajakol / Guaiacol 60.4 8.9
2-Fenylethanol / 2-Phenylethanol 49.5 6.4
4-Ethylfenol / 4-Ethylphenol (1S) 80.3 8.1
4-Ethylguajakol / 4-Ethylguaiacol 51.6 12.6
4-Vinylguajakol / 4-Vinylguaiacol 48.4 4.4
Eugenol / Eugenol 69.9 7.5
Tyrosol / Tyrosol 61.1 2.6
Tryptofol / Tryptophol 47.5 2.8

Tab. 6 Meze detekce a stanoveni / Limits of detection and determination

Latka / Substance Mez detekce S/N = 3 (mg/l vzorku) / Mez stanoveni S/N = 10 (mg/l vzorku) /
Limit of detection S/N = 3 (mg/l of sample) | Limit of determination S/N = 10 (mg/l of sample)

Guajakol / Guaiacol 0.0001 0.001

2-Fenylethanol / 2-Phenylethanol 0.005 0.02

4-Ethylfenol / 4-Ethylphenol (1S) 0.001 0.005

4-Ethylguajakol / 4-Ethylguaiacol 0.0005 0.002

4-Vinylguajakol / 4-Vinylguaiacol 0.005 0.02

Eugenol / Eugenol 0.002 0.01

Tyrosol / Tyrosol 0.005 0.02

Tryptofol / Tryptophol 0.005 0.02

loxanu od dvou renomovanych vyrobcll (Restek a Chrompack). Z vy-
sledkl na obr. 2 a 3 je patrné, Ze se na 30 m koloné RTx5-Sil MS
v porovnani s 50 m kolonou CP-Sil 8 CB, za totoznych chromato-
grafickych podminek, podafilo docilit lepsich vysledkl. Kolona RTx5-
Sil MS vykazovala, kromé podstatného zkraceni doby analyzy, ze-
jména v pfipadé tyrosolu a tryptofolu, nizsi chvostovani jejich pika,
a proto ji byla dana prednost. PFiblizné retenéni ¢asy na této koloné
jsou uvedeny v tab. 2.

3.1.4 Mé¥ici rozsah stanoveni

Promérenim koncentra¢ni fady standard( byl stanoven méfici roz-
sah stanoveni aromatickych alkoholl. S ohledem na skute¢nost, ze
se obsah aromatickych alkoholl v pivu li§i az o nékolik fadl, bylo
nutné ovéfit, zda bude mozné, s ohledem na pfedpokladany dyna-
micky rozsah hmotnostniho detektoru (linearitu odezvy), vyuzit ke
kvantitativnimu vyhodnoceni vysledky ziskané méfenim extraktu bez
potfeby jeho dalSich uprav (fedéni). Ziskané hodnoty pro oba typy
kolon jsou uvedeny v tab. 3.

Lze tedy konstatovat, Ze je mozné vyuzit linearni kalibracni kfivky
v daném koncentraénim rozsahu pro vSechny stanovené latky.

3.1.5 Opakovatelnost a vnitrolaboratorni reprodukovatelnost

Opakovatelnost byla ovéfena osminasobnym opakovanym zmére-
nim realného vzorku extraktu piva a vyjadfena jako variaéni koefici-
ent, tj. podil vypoctené smérodatné odchylky a vysledné priimérné
hodnoty v procentech. Vnitrolaboratorni reprodukovatelnost byla sta-
novena tim zplsobem, ze ve dnech po sobé nasledujicich pfipravili
dva pracovnici Ctyfi paralelni extrakty jednoho vzorku a ty byly ne-
prodlené zméreny. Vysledek byl vyjadfen obdobnym zplsobem jako
v pfipadé opakovatelnosti (tab. 4).

3.1.6 Spravnost a shodnost

Spravnost a shodnost metody byla ovéfena analyzou vzorkd piva
obohacenych pfidavkem aromatickych alkohold. K osmi vzorkdim ko-
mer¢niho piva byl pfidan pfidavek analyti v desetindsobku odhado-
vaného pfirozeného mnozstvi. Spravnost (pravdivost) ziskanych hod-
not byla ovéfena na zékladé dosazenych vytéznosti jednotlivych
analyt(i, shodnost byla vyhodnocena jako smérodatna odchylka sou-
boru vysledkd (RSD) stanoveni za podminek opakovatelnosti. Vy-
sledky jsou uvedeny v tab. 5.

3.1.7 Mez detekce a mez stanoveni

Mez detekce (detekéni limit na hladiné pravdépodobnosti 95 %)
a mez stanoveni byla stanovena pomoci modulu ovladaciho a vy-
hodnocovaciho softwaru Excalibur pro GC-MS (Signal to Noise Cal-

Temperature program of oven for column RTx5-Sil MS:

70 °C (1 min) =17 °C/min —155 °C (0 min) —25 °C/min —260 °C (2 min)
The content of aromatic alcohols was quantitatively determined in

SIM mode. The essential information is listed in fab. 2.

3.1.3 Comparison of separating ability of columns RTx5-Sil MS
and CP-Sil 8 CB

Fused silica capillary columns wetted by non-polar phase, only with
5 % dimethylpolysiloxane from two renowned producers (Restek and
Chrompack), were chosen for the determination of aromatic alcohols.
Results in Fig. 2 and 3 show that the 30 m column RTx5-Sil MS yi-
elded better results than the 50 m column CP-Sil 8 CB under the
same chromatographic conditions. Apart from the considerable shor-
tening of the analysis time, column RTx5-Sil MS analyzed, especi-
ally in the case of tyrosol and tryptophol, a lower tailing of their pe-
aks and that is why it was preferred. Approximate retention times on
this column are listed in Tab. 2.

3.1.4 Determination of measuring range
Determination of measuring range of aromatic alcohols was de-

termined by measuring the solutions of standards. With regards to
the fact that the content of aromatic alcohols in beer differs by even
several figures and to the expected dynamic range of mass detec-
tor (feedback linearity), it was necessary to confirm whether it will
be possible to use results from measuring the extract for a quanti-
tative assessment without the need for additional adjustments (dilu-
tion). The attained values for both types of columns are listed in
Tab. 3.

Therefore, it can be concluded that it is possible to use linear ca-
libration curves in a given concentration range for all determined sub-
stances.

3.1.5 Intralaboratory repeatability and reproducibility

Repeatability was verified by repeating the measurement of a real
sample of beer extract eight times and it was expressed as a coef-
ficient of variation, that is, the quotient of calculated standard devi-
ation and resultant mean value as a percentage. To determine in-
tralaboratory reproducibility, two workers prepared four parallel
extracts from one sample and measured them immediately in con-
secutive days. The result was expressed similarly as for repeatabi-
lity (Tab. 4).

3.1.6 Precision and accuracy
Precision and accuracy of the method were verified by analysis of
beer samples enriched with aromatic alcohols. An enrichment of ana-
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tulator) analyzou 10n&sobné a 100nasobné zfedéného standardniho
roztoku na koncentraénich urovnich 0,01 a 0,001 mg/l. To odpovida
koncentraénimu rozmezi 0,002 a 0,0002 mg/I v redlném vzorku. Od-
hadnuté meze detekce a stanoveni jsou uvedeny v tab. 6.

3.2 Stanoveni aromatickych alkoholil v realnych vzorcich piv

Chromatogram redlného vzorku piva v TIC médu je uveden na
obr. 4,v SIM médu pro 2-fenylethanol, 4-vinylguajakol, tyrosol a tryp-
tofol na obr. 5. Je zde patrné, k jak vyraznému zvySeni citlivosti a se-
lektivity dojde, pouzijeme-li pro vyhodnoceni SIM maéd.

Nové navrzend metoda stanoveni obsahu aromatickych alkoholl
v pivech byla vyuzita pfi mapovani obsahu aromatickych alkoholl
v Ceskych pivech, pfiéemz jsme vybrali skupiny piv tak, aby v nich
byla zastoupena piva nealkoholicka, svétla vyCepni i lezédky od to-
toZného vyrobce. Ziskané vysledky budou zvefejnény v nasledujicim
dile tohoto ¢€lanku.

4 DISKUSE VYSLEDKU

VysSe popsany zplsob extrakce aromatickych alkoholl ze vzork(
piv pomoci metody SPE s naslednou detekci pomoci GC-MS Ize po-
kladat pro ucely bézné pivovarské kontroly za pIné vyhovujici. Na za-
kladé dosaZenych vysledkd na obou porovnavanych kolonach Ize
s ohledem na ziskané chromatogramy konstatovat, Zze bylo dosazeno
lepSich vysledkd na koloné RTx-5Sil MS (obr. 1 a 2). Linearita de-
tektoru byla ve zvoleném koncentraénim rozsahu plné vyhovujici
(tab. 2). Dosazena opakovatelnost méfeni (tab. 3), jeho spravnost
a shodnost (tab. 4), stejné jako dosazené meze detekce a stanoveni
u jednotlivych latek (tab. 5), potvrzuji schopnost navrzeného analy-
tického postupu stanovit obsahy aromatickych alkoholli v reainych
vzorcich piv s dostate¢nou citlivosti a spravnosti.

Uvedeny analyticky postup byl dale vyuzit pfi detailnim studiu ob-
sahu aromatickych alkohold v €eskych pivech, a to jak béznych vy-
Eepnich a lezacich, tak i v pivech nealkoholickych. Vysledky této stu-
die budou zvefejnény v navazujicim dile na tento ¢lanek.

5 ZAVER

V praci byl popsan novy analyticky postup stanoveni aromatickych
alkoholll pomoci extrakce na pevné fazi (SPE) a jejich nasledné sta-
noveni pomoci pfistrojového spojeni GC-MS splfiuje naroéné poza-
davky na analyzu téchto senzoricky vyznamnych latek v pivu. Je
mozné jej vyuzit jako uc¢inného nastroje ke studiu zmén obsahu sen-
zoricky aktivnich latek, zplsobenych napfiklad technologickymi za-
sahy pfi vyrobé nealkoholického piva.
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Obr. 4 Chromatogram realného vzorku piva (TIC maod) / Fig. 4 Chro-
matogram of real beer sample (TIC mode)

lytes, ten times the estimated natural amount, was added to eight
samples of commercial beers. Accuracy of the attained values was
verified on the basis of the achieved yields of the individual analytes.
Precision was evaluated as the relative standard deviation of deter-
mination under the conditions of repeatability. Results are listed in
Tab. 5.

3.1.7 Limit of detection and limit of determination

Limit of detection (detection limit at the level of probability 95%)
and limit of determination were determined using a module of the
controlling and evaluating software Xcalibur for GC-MS (Signal to No-
ise Calculator) by analysis of 10 times and 100 times diluted stan-
dard solution with concentration levels of 0.01 and 0.001 mg/l. That
corresponds to concentration range of 0.002 and 0.0002 mg/l in real
sample. The estimated limits of detection and determination are lis-
ted in tab. 6.

3.2 Determining aromatic alcohols in real beer samples

The chromatogram of a real beer sample in TIC mode is shown in
Fig. 4, it is shown in SIM mode for 2-phenylethanol, 4-vinylguaiacol,
tyrosol and tryptophol in Fig. 5. The significant increase in sensitivity
and selectivity with the SIM mode can be seen here.

A newly created method of determination of the content of aromatic
alcohols in beers was used when mapping out the content of aro-
matic alcohols in Czech beers. We selected the beer groups so that
nonalcoholic, pale drafts and lagers from the same producer were re-
presented. The attained results will be published in the following part
of this article.

4 DISCUSSION OF RESULTS

The described method of extraction of aromatic alcohols from beer
samples using solid phase extraction followed by detection using GC-
MS can be considered fully suitable for the purposes of ordinary bre-
wing control. Based on the attained results from both compared co-
lumns and with regard to the chromatograms, it can be stated that
better results were achieved on the RTx-5Sil MS column (Fig. 7 and
2). The detector linearity was fully suitable in the selected concent-
ration range (Tab. 2). The achieved repeatability of measurement
(Tab. 3), its accuracy and precision (Tab. 4), as well as the limits of
detection and determination for individual substances (Tab. 5) con-
firm the ability of the created analytic method to determine contents
of aromatic alcohols in real beer samples with satisfactory sensitivity
and accuracy.

The described analytic method was used further in a detailed study
the content of aromatic alcohols in Czech beers, in drafts and lagers
as well as in nonalcoholic. The results of this study will be published
in the following part of this article.

5 CONCLUSION

An analytical method for the determination of aromatic alcohols
using solid phase extraction and determination by GC-MS was cre-
ated in the project. The new method meets the demanding criteria for
the analysis of these sensory significant substances in beer. It can
be used as an efficient tool in the study of changes in the content of
sensory active substances, caused by, for example, technological pro-
cedures during the production of nonalcoholic beer.
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