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Pfi transportu piva k zakazmkow a skladovanl piva dochdzi k senzorickému starnuti, které je zplisobeno nevratnymi chemickymi
procesy projevujicimi se nepfiznivou zménou organoleptického charakteru piva diky vyvinu staré chuté a viiné piva, coz je kombinace
mnoha dil€ich cizich chuti a vini. Vyvoj latek zodpovédnych za tyto senzorické zmény (zejména karbonylové slouceniny) Ize ovlivnit
podminkami skladovani, zejména pristupem kysliku, svétla, otfesy a teplotou skladovani. V pfedlozené studii byly vytipovany karbony-
lové latky, které Ize povazovat za indikatory starnuti Ceského lezéku, a to 2-methylpropanal, 2-methylbutanal, 3-methylbutanal, furfural
a fenylacetaldehyd. Byly ziskany ¢asové profily jejich vyvinu za riznych podminek skladovani a korelace s vyvinem staré chuti piva. Ze
ziskanych ¢asovych zavislosti vyplynul zajimavy fakt, ze produkt Maillardovych reakci ma béhem starnuti piva linearni narist a obsahy
latek vzniklych zejména diky Streckerové degradaci aminokyselin maji nelinearni zavislost na délce stareni. Tyto poznatky budou vyuZzity
pro vytvoreni chemicko-statistické metody stanoveni miry senzorického poskozeni piva. Metodu bude mozno vyuzit také pfi zpétném
urceni skladovaného, Ci dokonce Spatnym skladovanim senzoricky havarovaného piva.
OlSovska, J., Stérba, K., Vrzal, T., Jurkova, M., Cejka, P., 2016: Sensory beer aging. Kvasny Prum. 62, No. 9, pp. 250-257

A sensory aging of beer occurs during the beer transport to a customer and its storage; this is due to irreversible chemical processes
and is manifested by adverse change in the organoleptic character of the beer. Sensory beer aging results in the evolution of the old
flavor of the beer, which is a combination of many foreign flavors and fragrances. The development of substances responsible for these
sensory changes (especially carbonyl compounds) can be affected by storage, particularly by access to oxygen, light, vibrations, and
temperature of storage. In our study we selected carbonyl compounds which can be regarded as indicators of aging of Czech lager,
including 2-methylpropanal, 2-methylbutanal, 3-methylbutanal, furfural and phenylacetaldehyde. We obtained temporal profiles of their
evolution under various conditions of storage and the correlation with the development of the old beer flavor. The time dependences so
obtained provided an interesting fact, namely that the product of Maillard reactions during beer aging exhibits a linear increase and the
product of Strecker degradation of amino acids show a nonlinear dependence on the length of aging. These findings will be used to cre-
ate chemico-statistical methods for determining the degree of sensory impairment of beer. The method will be used also for backward
determination of storage conditions and even of beer sensorially damaged due to improper storage conditions.

OlSovska, J., Stérba, K., Vrzal, T., Jurkova, M., Cejka, P., 2016: Die sensorische Alterung des Bieres. Kvasny Prum. 62, Nr. 9,
S. 250-257

Beim Transport des Bieres zum Kunde entsteht im Bier eine sensorische Alterung, die durch die irreversiblen chemischen Prozesse
verbunden ist mit den ungiinstigen Anderungen des organoleptischen Charakters des Bieres, aufgrund der Entwicklung der alten Aro-
men und Geriche des Bieres, was ist eine Kombination der vielen teil- und fremden Aromen und Difte. Die Entwicklung von flr diese
sensorische Anderungen verantwortlichen Stoffen (insbesondere Carbonylverbindungen) kann durch Lagerungsbedingungen, z.B. Sau-
erstoff- und Lichtzutritt, Erschiitterungen und Temperatur wahrend der Lagerung beeinflusst werden. In dem Artikel werden die folgende
Stoffe genannt, die als Indikators der Alterung des Lagerbiers des tschechischen Typs betrachtet werden kénnen: 2-Methylpropanal,
2-Methylbutanal, 3-Methylbutanal, Furfural und Fenylacetaldehyd. Es wurden unter verschiedenen Bedingungen der Bierlagerung und
Korrelation mit der Entwicklung des alten Biergechmacks die Zeitprofile erhalten. Aus den gewonnenen Zeitabhangigkeiten wurde ein
interessantes Ergebnis festgestellt; der Produkt der Maillardreaktionen wiese wéhrend der Alterung einen linearen Anstieg, Gehalt an
aus insbesondere der Strekerdegradation von Aminosauren entstehenden Stoffe wies eine unlineare Abhangigkeit an die Alterungszeit
auf. Diese Ergebnisse werden zur Schaffung einer chemisch-statistischen Methode bei geholfen, den Grad einer sensorischen Besché-
digung des Bieres zu bestimmen. Diese Methode kann auch fur die Rickwartsbestimmung des gelagerten Bieres oder sogar durch die
schlechte Lagerung des beschadigten Bieres angewandt werden.

Kli¢ova slova: pivo, senzorické starnuti, stard chut, indikdtory
starnuti, karbonylové latky

1 UVOD

Senzorické starnuti piva je dnes povazovano za jeden z nejvaz-
néjSich problém, kterym Eeli pivovarsky primysl a tedy i pivovarska
véda. Na rozdil od koloidni stability piva, kterou se podafilo uspokoji-
vé vyfesit jiz pfed 50 lety, je senzorické starnuti piva komplexnim je-
vem, kde hraje roli mnoho rlznych faktor. Kromé toho, chemickym
zménam zplsobenym nejriznéjSimi bakteridlnimi kontaminacemi,
Ize zabranit pasteraci.

V uz8im slova smyslu se senzorické starnuti tyka hlavné piva
uskladnéného v malych obalech (lahvich, plechovkach), zatimco
sudové pivo se uchovava prevazné ve chlazenych prostorach (do
5 °C) a jeho skladovaci doba je stejné omezend. Naopak u lahvové-

Keywords: beer, sensory aging, old flavor, indicators of aging,
carbonyl compounds

1 INTRODUCTION

Sensory beer aging is now considered one of the most serious
problems facing the brewing industry and thus also brewing science.
Unlike the colloidal stability of beer, which has been satisfactorily
resolved 50 years ago, the sensory beer aging is a complex phenom-
enon, in which many different factors play a role. Further, chemical
changes caused by bacterial contamination are prevented by pas-
teurization.

In the strict sense sensory aging concerns beer stored in small
containers (bottles, cans); keg beer is stored in refrigerated areas
(5 °C) and its storage time is limited. In contrast, it is today common
that the guarantee period of bottled and canned beer ranges from
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ho a plechovkového piva je dnes bézné, ze garanéni doba se pohy-
buje v rozmezi nékolika mésicl az cca 1 roku. Na rychlost starnuti
ma vliv jednak chemické sloZeni piva a jednak skladovaci podminky,
a to doba a teplota skladovani.

Pfi starnuti piva dochazi k senzorickym zménam, jako jsou sni-
zeni horkosti a zména jejiho charakteru, snizeni ovocného aroma,
u nékterych piv stoupa aroma po koc¢ce, po ¢erném rybizu, u jinych
po vihkém papiru nebo lepence. Dale se mohou vyvijet dal$i vané
a chuté jako sladka, karamelova, medova, chlebova, zemita, slamo-
V4, po seng, po dfevé, vinova, sherry atd. (Dalgliesh, 1977; Nadasky
a Smogrovicova, 2010). PFitom plati, Ze zatimco piva starnouci pi-
rozenym zpusobem (pfi cca 20-25 °C) vykazuji hlavné karamelo-
vé aroma, u piv starnoucich pfi 30 °C a vice pfeviada lepenkovy
charakter (Bamforth, 2009). Tyto zmény jsou zpUsobeny rlznymi
chemickymi procesy, pfi kterych vznikaji zejména karbonylové lat-
ky. V minulosti byly dobfe popsany mechanismy oxidace alkohold,
Streckerova degradace aminokyselin, aldolova kondenzace, oxi-
dace nenasycenych mastnych kyselin, degradace horkych kyselin,
oxidace nenasycenych mastnych kyselin, vznik beta-damascenonu,
Maillardovy reakce nebo syntéza a hydrolyza esterd, pfi kterych tyto
slouéeniny vznikaji (Nadasky a Smogrovitova, 2010).

Oxidace alkoholti
Oxidace alkoholl na aldehydy pomoci molekularniho kysliku ne-
probl’hé ph’mou cestou, ale zprostFedkovévajiji zejména hydroxylové

a few months to about 1 year. The rate of aging is affected by both
chemical beer composition and beer storage conditions, and the time
and temperature of storage.

Beer aging leads to sensory changes such as reduction of bitter-
ness and a change of its character, reduction of fruit aroma, some
beers develop cat or black currant aroma, along with moist paper or
cardboard aroma. Other aromas and off-flavors that can also develop
include a sweet, caramel, honey, bread, earthy, straw, hay, woody,
burgundy, sherry etc. (Dalgliesh, 1977; Nadasky and Smogroviéové,
2010). However, while a beer aging naturally (at 20-25 °C) exhib-
its mainly caramel aroma beer aging at 30 °C and above assumes
a prevalent cardboard character (Bamforth, 2009). These changes
are caused by various chemical processes which give rise especially
to carbonyl compounds. The mechanisms of oxidation of alcohols,
Strecker degradation of amino acids, aldol condensation, oxidation
of unsaturated fatty acids, degradation of bitter acids, oxidation of
unsaturated fatty acids, the formation of beta-damascenone, Mail-
lard reaction or synthesis and hydrolysis of esters in which these
compounds are formed have been well described in the past.

Oxidation of alcohols

Oxidation of alcohols to aldehydes by molecular oxygen does not
occur in a direct way, but is mediated particularly by hydroxyl radi-
cals. The process is the most important for the formation of acetal-
dehyde via 1-hydroxyethyl radical (Andersen and Skibsted, 1998).
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Obr. 1 Mechanismus vzniku trans-2-nonenalu z linoleové kyseliny (Baert et al., 2012) / Fig. 1 The mechanism of trans-2-nonenal formation

from linoleic acid (Baert et al., 2012)
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Streckerova degradace aminokyselin

Dalsim zdrojem aldehyd( v pivu mohou byt aminokyseliny, ze
kterych vznika reakci aminokyseliny a alfa-dikarbonylové slouceni-
ny (meziprodukty Maillardovych reakci) s naslednou transaminaci
a dekarboxylaci alfa-ketokyselina. Finalnim produktem je aldehyd
o jeden uhlik kratsi nez plivodni aminokyselina. Tato reakce je
katalyzovana pfitomnosti iontl Zeleza a médi. Pfedpoklada se, ze
Streckerova degradace je vyznamnym procesem pro vznik aldehy-
dd pouze pfi vy$Sim obsahu aminokyselin v pivu, nikoli pfi béZnych
koncentracich na urovni 1 mg/l (Thum et al., 1995).

Aldolova kondenzace

Pomoci aldolové kondenzace mohou vznikat aldehydy delSich
fetézcl, nez které jsou v pivu puvodné pfitomny. Napf. Hashimoto
a Kuroiwa (1975) dokazali, ze z heptanalu a acetaldehydu v pfitom-
nosti prolinu vznikne trans-2-nonenal. Nebylo vSak dosud prokaza-
no, zda koncentrace takovych produktl v pivu maze prekrocit jejich
senzoricky prah vnimani (Bamforth, 1999).

Degradace horkych kyselin

Iso-alfa-hotké kyseliny podléhaji oxidativni degradaci i v nepfi-
tomnosti molekularniho kysliku (Huvaere et al., 2003) a formuji se
radikaly, které se mohou zapojit do dalSich oxida¢nich reakci. Navic
degradaci postranniho karbonylového fetézce alfa a beta kyselin
vznikaji kyseliny 2-methylpropionova, 2-methylbutanova a 3-methyl-
butanova, které pfispivaji ke tvorbé esterd vznikajicich pfi starnuti
piva (Williams a Wagner, 1979).

Oxidace nenasycenych mastnych kyselin

Tento mechanismus je dal$im moznym zpUsobem vzniku jedné
z nejvyznamnéjSich sloucenin spojenych se starnutim piva — trans-
-2-nonenalu (obr. 1). Uvedeny proces probiha zejména béhem var-
niho procesu. Vznikly nonenal pfechazi bud na 3-hydroxynonanal,
kyselinu nonenovou nebo tvofi Schiffovy baze s aminoslou¢eninami.
Predpoklada se, ze vSechny uvedené slouc¢eniny mohou pfejit do
hotového piva a tam opét vytvofit trans-2-nonenal (Bamforth, 1999).

Vznik beta-damascenonu

Dalsi slou€eninou spojenou se starnutim piva je beta-damasce-
non. Jeho prekurzory jsou degradacni produkty neoxanthinu (Che-
vance et al., 2002). Dal$i moznosti jeho vzniku je chemicka hydroly-
za glykosidl (Biend| et al., 2003).

Maillardovy reakce

Maillardovy reakce béhem starnuti piva jsou zodpoveédné za vznik
celé fady heterocyklickych slou¢enin, mezi nejvyznamnéjsi patfi fur-
fural. Obsah furfuralu v pivu roste v zavislosti na teploté skladovani
(Cejka et al., 2013).

Syntéza a hydrolyza estert

Béhem starnuti piva dochazi k reakci mezi ethanolem a organic-
kymi kyselinami pfitomnymi v pivu vedouci k tvorbé ester(, napf.
ethyl-3-methylbutyratu a ethyl-2-methylbutyratu (Williams a Wagner,
1979). K urychleni tohoto procesu mize dojit i diky uvolnéni enzym
z kvasinek (Vanderhaegen et al., 2006).

V 70. letech byl povazovan trans-2-nonenal, udilejici pivu lepenko-
vé aroma, za hlavni pfi€inu staré chuti. Ostatni slou¢eniny, zejména
aldehydy, které jsou obsazeny ve starém pivu v koncentracich pod
prahem vnimani, byly dlouho pfehlizeny. Az vyvoj novych instrumen-
talnich technik s vysokou citlivosti (zejména hmotnostni detekce)
umoznil popsat fadu latek vznikajicich vySe uvedenymi mechanis-
my. V tab. 1 jsou uvedeny vyznamné karbonylové slouceniny, které
vznikaji béhem starnuti piva a které zpusobuiji vyvin staré chuti piva,
véetné jejich prahové hodnoty vnimani a obsahu v ¢erstvém pivu.
Tyto latky mohou ovlivnit organolepticky charakter piva pfimo, a to
kdyzZ jejich koncentrace v pivu pfesahne jejich senzoricky prah vni-
mani (to je velmi ojedinélé), anebo nepfimo, kdyz jejich koncentrace
nepfesahne prah vnimani, ale synergicky plsobi s ostatnimi latkami
(Techakriengkrai et al., 2006). Tyto latky byvaji v literatufe oznaco-
vany jako ,indikatory starnuti“ (Cejka et al., 2013), v &erstvém pivu
se vyskytuji v nizkych koncentracich, ale ve starych pivech jejich
obsah vzrlGsta. Pomoci vhodné chemicko-statistické metody Ize na
zakladé koncentrace téchto latek zpétné urcit podminky skladovani
piva vykazujiciho znamky staré chuti (Cejka et al., 2013). Aby bylo
mozné ucinit takovy odhad co mozna nejpfesnéji, je zapotfebi dobfe
znat chemické slozeni a chovani piva dané znacky (pivniho typu)
béhem pfirozeného starnuti.

Strecker degradation of amino acids

Another source of aldehydes in beer can be amino acids which
react with alpha-dicarbonyl compounds (intermediates of Maillard
reactions) followed by transamination and decarboxylation to yield
alpha-keto acid. The final product is an aldehyde one carbon atom
shorter than the original amino acid. This reaction is catalyzed by the
presence of iron and copper ions. It is believed that Strecker degra-
dation is an important process in the formation of aldehydes only at
higher amino acid content in beer but not at the common concentra-
tions of about 1 mg/l (Thum et al., 1995).

The aldol condensation

Aldol condensation can give rise to aldehydes with longer chains
than those originally present in the beer. Thus Hashimoto and Kuroi-
wa (1975) showed that heptanal and acetaldehyde in the presence
of proline produce a trans-2-nonenal. However, it has not yet been
shown whether the concentration of such products in beer may not
exceed the threshold of sensory perception (Bamforth, 1999).

Degradation of bitter acids

Iso-alpha-bitter acids are subject to oxidative degradation even in
the absence of molecular oxygen (Huvaere et al., 2003) and form
radicals that can be involved in other oxidation reactions. Moreover,
degradation of the carbonyl side chain of alpha and beta acids forms
2-methylpropionic acid, 2-methyl butanoic and 3-methyl butanoic ac-
ids which contribute to the formation of esters produced during beer
aging (Williams and Wagner, 1979).

Oxidation of unsaturated fatty acids

This mechanism is another possible way to produce one of the
most important compounds associated with beer aging - trans-2-non-
enal (Fig. 7). This process takes place mainly during the brewing pro-
cess. The resulting nonenal is converted either to 3-hydroxynonanal,
nonenoic acid, or forms a Schiff base with amino compounds. It is
assumed that all of the compounds can pass into the finished beer
and there again create trans-2-nonenal (Bamforth, 1999).

The formation of beta-damascenone

Another compound associated with the beer aging is beta-dam-
ascenone. Its degradation products are precursors of neoxanthin
(Chevance et al., 2002). Another possibility is the formation by chem-
ical hydrolysis of glycosides (Biendl et al., 2003).

Maillard reaction

Maillard reactions during beer aging are responsible for the forma-
tion of a wide range of heterocyclic compounds The most important
include furfural. The content of furfural in beer increases depending
on storage temperature (Cejka et al., 2013).

Synthesis and hydrolysis of esters

Beer aging involves reaction between ethanol and organic acids
present in the beer, which leads to the formation of esters, e.g. ethyl
3-methylbutyrate and ethyl 2-methylbutyrate (Williams and Wagner,
1979). This process can be accelerated also due to the release of
enzymes from yeast (Vanderhaegen et al., 2006).

In the 70’s, trans-2-nonenal that imparts cardboard aroma to beer
was considered the main cause of the old flavor. Other compounds,
in particular aldehydes, which are contained in the aged beer at
concentrations below the threshold of perception, have long been
overlooked. The development of new instrumental techniques with
high sensitivity (especially the mass detection) made it possible to
describe a number of substances arising by the above mechanisms.
Table 1 lists the major carbonyl compounds formed during beer ag-
ing that cause the development of old beer taste, including their
thresholds of perception and their content in fresh beer. These sub-
stances may affect the organoleptic character of the beer directly,
when their concentration in beer exceeds their sensory threshold of
perception (this is very rare), or indirectly when their concentration
does not exceed a threshold of perception but act synergistically with
other compounds (Techakriengkrai et al., 2006). These substances
are described in the literature as “aging indicators” (Cejka et al.,
2013). They are present in fresh beer in low concentrations but their
content increases in old beers. The conditions for storage of beer
exhibiting signs of old flavor can be backwards determined using
an appropriate chemical-statistical method based on the concentra-
tion of these substances (Cejka et al., 2013). In order to make such
an estimate as accurately as possible, it is necessary to be familiar
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Tab. 1 Vybrané slou€eniny, jejich prahové hodnoty vniméani a bézné koncentrace v pivu (Meilgaard, 1975) / Table 1 Selected compounds,
their perception thresholds and current concentration in beer (Meilgaard, 1975)

o Prahova hodnota / Obsah v éerstvém pivu /
AR T e Threshold (mg/l) Content in fresh beer (mg/l) I A
. . papir, oxidace, zvétrala, lepenka, okurka /
Trans-2-nonenal 0.00011 0.00001-0.011 paper, oxidation, stale, cardboard, cucumber
) . papir, karamel, chléb, vafené maso / paper,
2-Furfural 150 0.007-1 caramel, bread, cooked meats
) . trava, ovoce, jodoform, mandle, slad / grass,
2-Methylbutanal 1.25 0.002-0.3 fruit, iodoform, almonds, malt
nezralé banany, jablka, tfedné, visné, slad,
3-Methylbutanal 0.6 0.01-0.634 ¢okolada, mandle / unripe bananas, apples,
cherries, malt, chocolate, almonds
Fenylacetaldehyd 1.6 0-0.075 hyacint, Sefik / hyacinth, lilac
42-1572 kokos, tabak, ¢ervené ovoce / coconut, tobacco,
Beta-Damascenon 2032 7_o5p red fruits

a — Tato hodnota byla pfevzata z (Saison et al., 2009) / The value was taken from (Saison et al., 2009)
b — Tato hodnota byla pfevzata z (Chevance et al., 2002) / The value was taken from (Chevance et al., 2002)
V8echny ostatni hodnoty v tab. 1 jsou pfevzaty z literatury (Meilgaard, 1975) / All other values in Table 1 are taken from the literature (Meilgaard, 1975)

Hlavnim Ukolem této studie bylo podrobné popsat chovani vybra-
nych karbonylovych latek béhem starnuti piva, a to zejména béhem
pocatecnich fazi starnuti a vybrat hlavni indikatory starnuti ¢eského
piva. Podrobny popis vztahu mezi vznikem indikator starnuti a vy-
vojem staré chuti bude slouzit jako nastroj pro vyvoj rychlé a efektivni
chemické metody pro zpétné uréeni skladovacich podminek senzo-
ricky poskozeného piva.

2 EXPERIMENTALNI CAST

2.1 Schéma experimentu

Experiment 1. 4 lezaky vyrobené v CR byly ihned po stogeni do
lahvi ulozeny a skladovany pfi teplotach 0, 20, 30 a 40 °C. V dvou-
mésicnich intervalech (0, 2, 4, 6) byly vzorky odebirany ke stanoveni
karbonylll a sou¢asné k senzorickému posouzeni degustaéni komisi.

Experiment 2. V opakovaném experimentu byly tytéz lezaky (ale
rlznych Sarzi) skladovany pfi teplotach 0, 20 a 30 °C. V ¢asovych
udobich 1 tyden, 2 tydny, 4 tydny, 6 tydn(, 8 tydnd, 12 tydn(, 16
tydn(, 20 tydn( a 24 tydnu byly odebirany vzorky k analyze karbo-
nylovych slou¢enin a sou¢asné béhem prvnich osmi tydnu i k sen-
zorickému hodnoceni.

2.2 Zakladni chemické parametry experimentalniho piva

Chemicky parametr Pivo 1 Pivo2 |Pivo3 |Pivo4
Zdanlivy extrakt 2,32 2,69 2,51 3,54
Skutecny extrakt 4,03 4,48 417 5,13
Alkohol (0bj.%) 4,68 4,93 4,58 4,38
Extrakt plvodni mladiny | 11,17 11,95 11,16 11,76
Horkost (j. EBC) 20 34 23 33
pH 4,77 4,68 4,58 4,60

Pivo 1 bylo pasterovano v tunelovém pasteru, piva 2, 3 a 4 byla
pasterovana pritokovym pasterem. Piva byla stabilizovana pomoci
PVPP.

2.3 Metodika stanoveni karbonylG

Karbonylové slouceniny acetaldehyd, aceton, 2-methylpropanal,
3-methyl-2-butanon, 2-methylbutanal, 3-methylbutanal, trans-2-bu-
tenal, hexanal, heptanal, oktanal, furfural, trans-2-oktenal, trans-
-2-nonenal, benzaldehyd a fenylacetaldehyd byly analyzovany me-
todou GC-MS (Cejka, 2013). Vzorek piva s pH upravenym na 4,4
je derivatizovan pomoci PFBOA (0-(2,3,4,5,6-pentafluorobenzyl)
hydroxylamin). Po ukonéeni derivatizace je vzorek vytfepan do he-
xanu a analyzovan na GC-MS, na koloné TG-WAX MS (30 m, 0,25
mm, 0,25 pm), latky byly stanoveny v SIM modu. Roz§ifena nejistota
stanoveni je 25 %.

2.4 Metodika senzorického stanoveni

Piva byla hodnocena degustaénim panelem VUPS o poétu 12 éle-
nd. V pivech se hodnotila intenzita staré chuti a dalSich chuti tvo-
ficich se pfi starnuti piva (sirupova, cherry, medova, po rybizu, po

with the chemical composition and performance of the brand of beer
(beer type) during natural aging.

The main goal of this study was to describe in detail the behav-
ior of selected carbonyl compounds during aging of beer, especially
during the initial stages of aging, and select the main indicators of
Czech beer aging. A detailed description of the relationship between
the emergence of the indicators of aging and the development of the
old flavor will serve as a tool for the development of fast and efficient
chemical methods for determining the backward conditions of stor-
age of sensory damaged beer.

2 EXPERIMENTAL PART

2.1 Scheme of the experiment

Experiment 1. 4 lagers produced in CR were bottled and then im-
mediately stored at temperatures of 0, 20, 30 and 40 °C. In two-
month intervals (0, 2, 4, 6) samples were taken to determine the
carbonyls and simultaneously sensorially assess by a tasting panel.

Experiment 2. In the repeated experiment, the same lagers (but
from different batches) were stored at temperatures of 0, 20 and
30 °C. After 1 week, 2 weeks, 4 weeks, 6 weeks, 8 weeks, 12 weeks,
16 weeks, 20 weeks and 24 weeks, samples were taken for analysis
of carbonyl compounds and simultaneous sensory evaluation during
the first eight weeks.

2.2 Basic chemical parameters of experimental beers

Chemical parameter Beer1 |Beer2 |Beer3 |Beer4
Apparent extract 2.32 2.69 2.51 3.54
Actual extract 4.03 4.48 4.17 5.13
Alcohol (v/v.%) 4.68 4.93 4.58 4.38
The Extract of the 11.17 11.95 11.16 11.76
original wort

Bitterness (EBCU) 20 34 23 33

pH 4.77 4.68 4.58 4.60

Beer 1 was pasteurized using a tunnel pasteur; beers 2, 3, and 4
were pasteurized using flow pasteurization. All beers were stabilized
using PVPP.

2.3 Methodology for determining carbonyls

Carbonyl compounds, acetaldehyde, acetone, 2-methylpropa-
nal, 3-methyl-2-butanone, 2-methylbutanal, 3-methylbutanal, trans-
2-butenal, hexanal, heptanal, octanal, furfural, trans-2-octenal,
trans-2- nonenal, benzaldehyde and phenylacetaldehyde were ana-
lyzed by GC-MS (Cejka, 2013). Beer sample with pH adjusted to 4.4
is derivatized using PFBOA (O- (2,3,4,5,6-pentafluorobenzyl)hydrox-
ylamine). After completion of the derivatization the sample was ex-
tracted into hexane and analyzed on a GC-MS column TG-MS WAX
(30 m, 0.25 mm, 0.25 mm) and the compounds were determined in
the SIM mode. Expanded uncertainty of the determination is 25%.
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Tab. 2 Mira korelace mezi vyvojem staré chuti a obsahu vybranych karbonyll / Table 2 The degree of correlation between the development

of the old flavor and content selected carbonyls

Slougenina / Compound Pivo ‘ll Beer Pivo é Beer Pivo /3 Beer Pivo 2 Beer
2-Methylpropanal 0.96 0.96 0.98 0.96
2-Methylbutanal 0.94 0.91 0.96 0.96
3-Methylbutanal 0.95 0.91 0.95 0.94
Furfural 0.87 0.93 0.96 0.93
Fenylacetaldehyd / Phenylacetaldehyde 0.89 0.85 0.93 0.89

kocce, atd.) na Skale 0 — 5, celkové hodnoceni piva bylo hodnoceno
na stupnici 1-09. Vysledné hodnota odpovidé oFezanému prfjméru
a primér se spomtal ze zbylych hodnot. Vzorky byly komisi pfedkla-
dany bud v8echny v jeden den, nebo pokud pocet vzorkd prekroéil
povolenou denni kapacitu, ve dvou po sobé nasledujicich dnech
vzdy anonymné a v ndhodném poradi.

3 VYSLEDKY

V prvnim experimentu byla sledovana zavislost intenzity staré
chuti na vzrlistajicim obsahu karbonylovych slouc¢enin v uskladné-
ném lahvovém pivu. Jak bylo uvedeno v experimentalni ¢asti, vzorky
byly odebirdny a analyzovany v prabéhu 6 mésicl, a to ve dvou-
meésicnich intervalech. Tim si Ize vysvétlit pomérné vysoké hodnoty
korelace u vybranych karbonyll (tab. 2), nebot se jedna o vysledky
ze 4 méfeni.

Z Gasového pribéhu vyvoje indikatord starnuti vyplyva, ze narGsty
vybranych karbonylovych slou¢enin jsou pfi vySSich teplotach rov-
nomérné, pouze pro fenylacetaldehyd byl pozorovan rychlejsi na-
rlst béhem prvnich 2 mésicl skladovani, a poté jeho obsah narls-
tal s mensi intenzitou. U ostatnich sledovanych latek nebyl jasné
definovatelny trend zmén obsahu béhem délky stafeni, u nékterych

2.4 Methodology of sensory determination

Beer was evaluated by the 12-membered RIBM tasting panel. The
beers were evaluated for the intensity of old flavor and other flavors
produced during beer aging (syrupy, cherry, honey, after currant, af-
ter cat, etc.) on a scale from 0 to 5, the overall assessment of beer
was rated on a scale from 1 to 9. The resulting value corresponds
to the trimmed average of a given parameter, i.e. the maximum and
minimum value is always excluded and the average is calculated
from the remaining values. Samples were submitted to the panel ei-
ther all in one day, or, if the number of samples exceeded the per-
mitted daily capacity, in two consecutive days, always anonymously
and at random.

3 RESULTS

In the first experiment we studied the dependence of intensity of
the old flavor on the increasing content of carbonyl compounds in
stored bottled beer. As mentioned in the experimental section, sam-
ples were collected and analyzed every two months within 6 months.
This can explain the relatively high correlation values in selected car-
bonyls (Table 2), since they are the results of the 4 measurements.

As seen from the time course of development of aging indicators,
the increase of selected carbonyl compounds at higher tempera-

Tab. 3 Vyjadfeni typu a miry zavislosti vzniku karbonylovych latek v ¢ase (na délce stareni piva) / Table 3 Types and degrees of dependence

of formation of carbonyl compounds on the length of beer aging

Korelaéni koeficient | Korela¢ni koeficient
Slouéenina / Compound 20 °C/ Correlation |30 °C/ Correlation |Typ zavislosti/ Type of dependence
coefficient at 20 ° coefficient at 30 °C
Acetaldehyd / Acetaldehyde <0.45 <045 bez zavislosti / without dependence
narast bez zavislosti, linearni / growth without
Aceton / Acetone 0.59-0.85 0.71-0.92 dependence, linear
] rychlej$i narGst na za¢atku stareni / faster growth at the
2-Methylpropanal >0.97 >0.98 beginning of aging
lzjzll\tllaeﬁgxle-&butanon I Methyl-3-| _ (59 0.03-0.85 narast bez zavislosti / growth without dependence
) rychlej§i narlst na zacatku stafeni / faster growth at the
2-Methylbutanal > 0.94 >0.97 beginning of aging
i . rychlej$i narGst na za¢atku stareni / faster growth at the
3-Methylbutanal 0.87-0.92 > 0.96 beginning of aging
P’y o - narlst bez zavislosti, linearni / growth without
Trans-2-butenal 0.33-0.81 0.66-0.87 dependence, linear
Hexanal 0.42-0.84 0.46-0.92 narast bez zavislosti / growth without dependence
narast bez zavislosti, linearni / growth without
Heptanal 0.59-0.85 0.65-0.88 dependence, linear
Oktanal <0.50 <0.74 bez zavislosti / without dependence
Furfural >0.97 > 0.98 linearni narast / linear rise
Trans-2-oktenal <0.50 0.33-0.79 bez zavislosti / without dependence
Trans-2-nonenal <0.32 <0.32 bez zavislosti / without dependence
narast bez zavislosti, linearni / growth without
Benzaldehyd / Benzaldehyde 0.56-0.89 0.63-0.82 dependence, linear
Fenylacetaldehyd / ~0.91 ~0.98 rychlej$i narGst na zadatku stafeni / faster growth at the
Phenylacetaldehyde ) ’ beginning of aging

Pozn.: Uvedené korelaéni koeficienty plati pro linearni zavislost pro jednotliva piva, vyjimkou jsou koeficienty pro 2-methylpropanal, 2-methylbutanal,
3-methylbutanal a fenylacetaldehyd, kde byla pouzita zavislost polynomicka. Existence zavislosti definovana pro korelaéni koeficient vy$si nez 0,6 /
Note: These correlation coefficients apply for linear dependence for each beer, except for coefficients for 2-methylpropanal, 2-methylbutanal, 3-me-
thylbutanal and phenylacetaldehyde, in which polynomial dependence was used. Existence of dependence was defined for a correlation coefficient
greater than 0.6.
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Tab. 4 Korelace koncentrace sledovanych karbonylll se starou chuti piva / Table 4 Correlation of concentrations of carbonyls with the old

flavor of beer
Korelace koncentrace karbonylovych latek se starou chuti piva / Correlation of
Slouéenina / Compound concentration of carbonyl compounds with the old flavor of beer
Pivo / Beer 1 Pivo / Beer 2 Pivo / Beer 3 Pivo / Beer 4

Acetaldehyd / Acetaldehyde 0.14 0.34 0.36 0.40
Aceton /Acetone 0.47 0.60 0.45 0.27
2-Methylpropanal 0.80 0.72 0.87 0.71
2-Methyl-3-butanon / 2-Methyl-3-butanone 0.34 0.03 0.29 0.78
2-Methylbutanal 0.78 0.72 0.86 0.71
3-Methylbutanal 0.65 0.59 0.76 0.66
Trans-2-butenal 0.26 0.92 0.54 0.28
Hexanal 0.56 0.62 0.79 0.51
Heptanal 0.65 0.52 0.77 0.62
Oktanal 0.48 0.50 0.34 0.29
Furfural 0.91 0.84 0.94 0.72
Trans-2-oktenal 0.42 0.69 0.41 0.51
Trans-2-nonenal 0.37 0.18 0.31 0.30
Benzaldehyd / Benzaldehyde 0.72 0.45 0.1 0.53
Fenylacetaldehyd / Fenylacetaldehyde 0.85 0.80 0.93 0.80

byl pozorovan narlst, ale napf. u acetaldehydu doslo k poklesu kon-
centrace béhem stafeni pfi vSech teplotach (data nejsou uvedena).

Abychom méli jasnéjSi pfedstavu o chovani a vzniku latek po-
dilejicich se na staré chuti piva zejména v pocatecni fazi starnuti,
byl proveden druhy experiment, a to se stejnymi pivy a s jemné&jSim
rozfazovanim odbérl. Vysledky jsou zndzornény v tab. 3. U furfuralu
byl pozorovan linearni narlst pfi teplotach 20 a 30 °C, 2-methylpro-
panal, 2- a 3-methylbutanal a fenylacetaldehyd vzrlstaly pfi téch-
to teplotach nelinearné, ale s definovatelnou zavislosti. U dalSich
sledovanych latek bud dochazelo k narlistu obsahu v ramci linearni
zavislosti, k narustu bez definované zavislosti nebo neslo v ramci
chyby stanoveni ur¢it zmény béhem stafeni (viz tab. 3).

Senzorické hodnoceni stafenych piv ukazalo, Ze nejvyznamnéjsi
off-flavor ovliviujici vnimani piva je staré chut. Zatimco ostatni sle-
dované vady se objevovaly pouze pfilezitostné, stara chut se proje-
vovala jiz od prvniho tydne experimentu a vykazovala vyznamnou
korelaci s celkovym bodovym hodnocenim piv (korelaéni koeficienty
pro jednotliva piva 0,78 az 0,96), celkova zavislost pro v§echny vzor-
ky je znazornéna na obr. 2.

Korelace koncentraci sledovanych latek s intenzitou staré chuti
piva je uvedena v tab. 4. Z vysledk( vyplyvd, ze vhodné indikatory
pro sledovani starnuti piva jsou 2-methylpropanal, 2-methylbutanal,
3-methylbutanal, furfural a fenylacetaldehyd, které mély vSechny ko-
rela¢ni koeficienty (s vyjimkou piva 2 u 3-methylbutanalu) vyssi nez
0,6 a lze tedy pfedpokladat zavislost mezi jejich obsahy a starou
chuti piva.

Z tab. 4 je dale patrné, jak je vyvin karbonylovych latek zavisly
na chemickém slozeni piva (zékladni charakteristika piv je uvedena
v experimentalni ¢asti) a je pro kazdou zna¢ku mirné odlisny. Podob-
né si také Ize vysvétlit odliSnosti v nalezenych koncentracich alde-
hydu ve studii, ktera sledovala tvorbu téchto latek v Sesti belgickych
leZzacich (Malfliet et al., 2008). Vyvoj aldehydl autofi studie sledovali
v prabéhu 2 mésicl pfi 30 °C, coz jsou podminky srovnatelné s nasi
studii. V Ceskych leZacich byly zjiStény ve srovnani s lezaky belgic-
kymi mirné niz8i obsahy 2-methylpropanalu, 2 az 3x nizsi hodnoty
furfuralu, ale pfiblizné dvojnasobné hodnoty 2- a 3-methylbutanalu
a cca dvoj- az trojnasobné hodnoty fenylacetaldehydu.

Vyznam znalosti chemickych proces( pfi starnuti piva demonstru-
je i dalsi studie zabyvajici se starnutim belgickych lezakl (Saison,
2009). Vzhledem k tomu, Ze autofi provedli experiment na pivech pfi
40 °C béhem 3 tydn(, nelze relevantné srovnat koncentrace vznik-
lych produktl starnuti, nicméné opét potvrdili stejné spektrum latek
podilejicich se na staré chuti, které bylo pfedmétem nasi pilotni (Cej-
ka, 2013) i soucasné studie.

Z tab. 3 a obr. 3a-e vyplyva zajimavy fakt, ze obsah furfuralu vzni-
kajiciho béhem Maillardovych reakci ma béhem starnuti piva linearni
narlist, smérnice této kfivky je zavisla na teploté starnuti, pficemz
pfi teplotach kolem 0 °C se jeho koncentrace méni jen minimalné.

tures are even, only phenylacetaldehyde was observed to evince
faster growth during the first 2 months of storage, then its content
increased with less intensity. Other controlled substances did not
show a clearly definable trend of content changes during aging, the
content of some increased but, e.g., acetaldehyde concentrations
decreased during aging at all temperatures (data not shown).

In order to have a clearer idea of the behavior and the develop-
ment of substances involved in old beer flavor especially in the initial
phase of aging, we performed a second experiment with the same
beers and with finer sampling array. The results are shown in Ta-
ble 3. A linear increase at temperatures between 20 and 30 °C was
observed for furfural, 2-methylpropanal, 2- and 3-methylbutanal and
phenylacetaldehyde increased at these temperatures nonlinearly
but with a definable dependence. Other substances either increased
with a linear dependence, increased without a defined relationship or
their changes during aging could not be determined within the error
of determination (see Table 3).

Sensory evaluation of aged beers revealed that the most signif-
icant off-flavor influencing the perception of beer is an old flavor.
While other observed defects appeared only occasionally, the old
flavor was evident from the first week of the experiment and showed
a significant correlation with the total sensory score of beers (correla-
tion coefficients for each beer 0.78 to 0.96), total dependence for all
samples is shown in Fig 2.

Correlation of the concentrations of individual substances with
old beer flavor intensity is shown in Table 4. The results show that
good indicators for monitoring of beer aging are 2-methylpropanal,
2-methylbutanal, 3-methylbutanal, furfural and phenylacetaldehyde,
all of which had correlation coefficients (with the exception of 3-meth-
ylbutanal in beer 2) higher than 0.6 and relationship between their
contents and old flavor of beer can therefore be expected.

Table 4 also shows the dependence of the generation of carbonyl
compounds on the chemical composition of beer (basic beer charac-
teristics are shown in the experimental part), and is slightly different
for each brand. Similarly, we can also explain differences in the con-
centrations of aldehydes found in a study of the formation of these
substances in six Belgian lagers (Malfliet et al., 2008). The authors
observed the development of aldehydes over 2 months at 30 °C,
i.e. conditions comparable with our studies. Czech lagers exhibited
slightly lower content of 2-methylpropanal, 2 to 3 times lower fur-
fural, but approximately twice the 2- and 3-methylbutanal and about
two to three times the value of phenylacetaldehyde compared to the
Belgian lagers.

The importance of knowledge of chemical processes during beer
aging is demonstrated by another study on aging Belgian lagers (Sai-
son, 2009). Since the authors conducted an experiment on beers at
40 °C for 3 weeks, we cannot relevantly compare concentrations of
the resulting aging products; still, the authors confirmed the same
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Obr. 2 Zavislost celkového hodnoceni piva na staré chuti/ Fig. 2 De-
pendence of the overall assessment of the beer on old flavor

Obr. 3c Zavislost obsahu vybranych slouéenin na délce stafeni —
3-Methylbutanal / Fig. 3c Dependence of the concentration of selec-
ted substances on the length of aging — 3-Methylbutanal
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Obr. 3a Zavislost obsahu vybranych sloucenin na délce stafeni —
2-Methylpropanal / Fig. 3a Dependence of the concentration of se-
lected substances on the length of aging — 2-Methylpropanal

Obr. 3d Zavislost obsahu vybranych sloucenin na délce stafeni —
Furfural / Fig. 3d Dependence of the concentration of selected sub-
stances on the length of aging — Furfural
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Obr. 3b Zavislost obsahu vybranych slouc¢enin na délce stareni —
2-Methylbutanal / Fig. 3b Dependence of the concentration of selec-
ted substances on the length of aging — 2-Methylbutanal

Obsahy latek vzniklych zejména diky Streckerové degradaci ami-
nokyselin (2-methylpropanal z valinu, 2-methylbutanal z isoleucinu,
3-methylbutanal z leucinu, fenylacetaldehyd z fenylalaninu) maji
nelinearni zavislost na délce stafeni, pfi¢emz rychleji a ve vysSich
koncentracich vznikaji pfi vy$Sich teplotach. Tyto poznatky budou
ovéreny pro dalsi ¢eska piva. Pokud by se podafrilo prokazat, ze je
tento model univerzalni, bylo by mozné ho pouzit jako zaklad bu-
douci metody pro prfesné zpétné urceni skladovaného, ¢i dokonce
Spatnym skladovanim senzoricky havarovaného piva.

Z uvedenych informaci vyplyva jasna individualni zavislost vyvinu
staré chuti na chemickém slozeni piva, tedy na pouzitych surovinach
a technologii. Proto bude studie dale rozsifena tak, abychom meto-
du predikce starnuti dokazali aplikovat na vSechny znacky ¢eskych
lezaku bézné dostupnych v ¢eské trzni siti. Zvlastni pozornost bude

Obr. 3e Zavislost obsahu vybranych slouc¢enin na délce stafeni — Fe-
nylacetaldehy / Fig. 3e Dependence of the concentration of selected
substances on the length of aging — Fenylacetaldehyde

spectrum of substances involved in the old flavor as found in our pilot
(Cejka, 2013) and current studies.

Table 3 and Figures 3a-e show an interesting fact that the con-
tent of furfural formed during Maillard reactions exhibits linear growth
during beer aging, the slope of this curve depending on the aging
temperature, while at temperatures around 0 °C, the concentration
varies only minimally. The contents of substances generated mainly
due to the Strecker degradation of amino acids (2-methylpropanal
from valine, 2-methylbutanal from isoleucine, 3-methylbutanal from
leucine, phenylacetaldehyde from phenylalanine) have a nonlinear
dependence on the length of aging, with a faster rate and higher
concentrations formed at higher temperatures. These findings will
be validated in other Czech beers. If we could prove that this model
is universal, it would be possible to use it as the basis for a future
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také vénovana starnuti nealkoholickych piv. Koneénym krokem bude
zjednodus$eni této metody pro béznou praxi.

4 ZAVER

Pro sledovani starnuti ¢eského piva byly navrzeny jako indikatory
starnuti 2-methylpropanal, 2- a 3-methylbutanal, furfural a fenylacet-
aldehyd, které maji jak definované zmény v obsahu béhem starnuti
piva, tak i korelaci se starou chuti piva. Tyto poznatky budou vyuzity
pro vyvoj jednoduché rutinni metody zpétného uréeni skladovacich
podminek senzoricky poskozeného piva.
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method for accurately feedback determination of stored beer, or
even beer sensorially failed due to improper storage.

These data show a clear dependence of individual old flavor de-
velopment on the chemical composition of beer, namely the raw
materials used and technology. Therefore, this study will be further
extended so that the method of aging prediction could be applied to
all brands of Czech lagers commonly available in Czech market net-
work. Special attention will also be paid to aging nonalcoholic beers.
The final step will be to simplify the method for routine practice.

4 CONCLUSION

For monitoring of Czech beer aging we proposed 2-methylpro-
panal, 2- and 3-methylbutanal, furfural and phenylacetaldehyde, as
indicators of aging which show defined changes in their content dur-
ing beer aging and also correlate with the old flavor of beer. These
findings will be used to develop a simple routine method of backward
determination of storage conditions of sensorially damaged beer.
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