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Savel, J. - Kosin, P. — Broz, A.: Pfima spektrometrie piva a jeho destilatd. Kvasny Prum. 57, 2011, &. 6, s. 143—148.

Sledovala se absorpéni spektra v UV oblasti modelovych slou¢enin, nealkoholického piva, svétlého a tmavého lezaku a svétlého lezaku
po 10 letech starnuti. Absorpéni spektra zfedéného piva vykazovala v UV oblasti typické absorpéni maximum v oblasti okolo 260 nm,
na jehoz tvorbé se podileji polyfenoly i reduktony piva, pochazejici ze sacharidli. Pfi dalSi oxidaci piva se projevuje narlist absorbance
ve viditelné oblasti, roste podil oligomerd a polymerl polyfenoll nebo reduktond, pficemz mize néasledovat jejich dalsi oxidace a degra-
dace. Podobny vzor vykazovaly i dalsi latky, napf. a-fenylalanin a z néj vytvorené aldehydy. Ethanol mohl zejména v poc¢atcich oxidace
inhibovat tyto nezadouci reakce. Tékavé produkty sacharid(i a a-fenylalaninu poskytovaly podobna maxima jako netékavé slozky, ze kte-
rych vznikla.

Savel, J. — Kosin, P. — Broz, A.: Direct spectroscopy of beer and its distillate. Kvasny Prum. 57, 2011, No. 6, p. 143-148.

The UV absorption spectra of model compounds, non-alcoholic beer, fresh pale and dark lager and pale lager after 10 years of storage
were measured. Absorption spectra of diluted beer showed a typical UV absorption maximum around 260 nm, which responded to po-
lyphenols and beer reductones coming from carbohydrates. The increase of absorbance in the visible region is probably caused by
growing proportion of dimers and polymers of reductones and/or polyphenols but further decomposition of such compounds may also
occur. Other substances e.g . a-phenylalanine provided similar spectrum pattern. Ethanol could inhibit oxidation and polymerization re-
actions. Reductones and a-phenylalanine had similar spectra as their oxidation products.

Savel, J. — Kosin, P. - Broz, A.: Direkte Spektrometrie des Bieres und seines Destillaten. Kvasny Prum. 57, 2011, Nr. 6, S. 143-148.

Es wurden die Absorbtion-Spektren im UV Bereich von Modellverbindungen, alkoholfreien Bieren, vom hellen und dunklen Lagerbier
und vom 10 Jahre alten Lagerbier verfolgt. Die Absorbtion-Spektren eines verdlinnten Bieres wiesen im UV Bereich im Bereich rund
um 260 nm ein typisches Absorbtionsmaximum auf, auf dem die aus Sachariden stammenden Polyphenols und Reduktons teilgenommen
hatten. Wahrend der weiteren Oxidation des Bieres nimmt im Sichtbereich die Extinktion zu, weiter wachst der Anteil an Polymer- Oligomer
und Polymer-Redukton und weiterhin kann ihre weitere Oxidation und Degradation verfolgen. Ein &hnliches Muster wiesen auch die
weitere Stoffe z.B. a-Phenylalanin und die aus den gebildeten Aldehyden auf. Insbesondere am Anfang dieser Oxidation konnte diese
unerwiinschten Reaktionen durch Ethanol inhibiert werden. Die flichtigen Produkte aus Sacchariden oder a-Phenylalanin wiesen ahn-

liche Maxime wie die aus denen entstehenden unfliichtige Produkte auf.

Kliéova slova: pivo, starnuti, reduktony, polyfenoly, UV spektrofoto-
metrie piva, polymerace aldehyd(, neenzymové hnédnuti, antioxi-
danty.

1 UVOD

Spektroskopické metody jsou v pivovarské a sladarské analytice
velmi oblibené. Predstavuji rozSifeni vizualniho posuzovani piva a po
pfidavku vhodnych ¢inidel je mozné ziskat informace o jednotlivych
slou€eninach i jejich skupinach. Analytika EBC obsahuje spektrosko-
pické metody ve viditeIné nebo UV oblasti, vétSinou po pfidavku spe-
cifickych ¢inidel k pivu nebo meziprodukttim jeho vyroby.

Vyhodou téchto metod je pfedevsim rychlost a snadné dostupnost
spektrometrd v relativné nizkych cenovych hladinach. Proto jsou tyto
metody velmi oblibené v laboratorni i provozni kontrole, ¢asto v po-
dobé automatickych analyzator(.

Mé&reni absorpénich spekter piva ve viditené oblasti se vyuziva
v podrobné analyze barvy piva, méfeni jeho oxida¢né redukénich
vlastnosti, v diferencialni spektrofotometrii, v UV spektrometrii pfi sta-
noveni tzv. absorpéniho integralu [1,2].

Pro ziskani dalSich informaci je nutné pouzit pokrocilejsi metody
s vyuzitim plynové i kapalinové chromatografie, tyto metody vSak na-
chazeji zfidka uplatnéni v jednoduchych rutinnich metodach. Na UV
a VIS metody navazuji spektrometrické metody v infracervené (IC)
oblasti, s uplatnénim pfi analyzach piva a pfedevsim surovin pro jeho
vyrobu [3].

Absorpéni spektrum piva predstavuje klesajici funkci ve viditelné
oblasti svétla, pfi¢emz z praktickych divodu Ize vyuzivat oblast 380
az 700 nm, nebot v ni Ize bez dalSich uprav koncentrace vzorku za-
znamenat viditelné spektrum piva v sklenéné kyveté s optickou dra-
hou 1 cm.

U tmavych piv se vzorky musi fedit, nebo pouzit kyvety s jesté
krat$i optickou drahou. Naopak v oblasti delSich vinovych délek se
mohou pouzit kyvety s optickou dréhou az 10 cm, pfi¢emz se zde

Keywords: beer, aging, reductones, polyphenols, UV spectropho-
tometry, aldehyde polymerization, nonenzymatic browning, antioxi-
dant

1 INTRODUCTION

Spectroscopic methods are very popular in brewing and malting.
They represent an extension of the visual examination of beer and
can describe individual compounds and their groups. Analytica EBC
describes spectroscopic methods in the visible or UV region, mostly
after the addition of specific reagents to beer or production interme-
diates.

The advantage of these methods is primarily low time consumption
and easy availability of spectrometers at relatively low prices. There-
fore, these methods are very popular in the laboratory and production
control, often with the help of automated analyzers.

Measurement of absorption spectra of beer in the visible region is
used in the advanced analysis of the beer color as well as in study
of beer ageing by differential spectrophotometry. UV spectroscopy of
beer destillate enables determination so-called absorption integral
[1,2].

For detailed estimation of beer aging is necessary to use more ad-
vanced methods using gas and liquid chromatography, but these
methods are rarely applied in simple routine methods. The UV/VIS
spectroscopic methods are complemented by infrared spectroscopy,
with application to the analysis of beer and especially raw materials
for its production [3].

The absorption spectrum of beer in visible region is a decreasing
function of its absorbance against wavelength which is usually mea-
sured at 380-700 nm in a glass cuvette with the optical path of 1 cm.

For dark beers, the samples must be diluted or placed in a cell with
shorter optical path. For longer wavelengths the cells with optical
paths of up to 10 cm may be used but the beer haze can disturb the
determination. Absorption spectra of diluted beer in the UV region
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vyraznéji uplatiiuje i zakal piva. Spektrometrie zfedéného piva v UV
oblasti se v posledni dobé pouzila k charakterizaci a rozliSeni riznych
piv [4].

Cilem tohoto ¢lanku je provéfit moznosti vyuziti spektrometrie v UV
oblasti ke studiu zmén pfi starnuti piva.

2 MATERIALY A METODIKA

2.1 Chemikalie

L-askorbova kyselina, galova kyselina, (-)-epikatechin, o-dihydro-
xybenzen, o-diaminobenzen, a-fenylalanin, manganistan draselny,
peroxodisiran draselny (Sigma Aldrich), peroxid vodiku 30 % (Che-
mické zavody Sokolov), ethanol 96 % (Lihovar Chrudim).

2.2 Suroviny, meziprodukty a produkty

Svétly a tmavy lezak odebrany po stoceni (plvodni extrakt 12 %
hm.), nealkoholické pivo s obsahem pod 0,5 % obj. alkoholu. Pro po-
rovnani se pouzil stejny druh svétlého lezaku po 10 letech skladovani
pfi 20 °C.

Cerny (Ceylon), zeleny (gun powder) &aj nebo chmel (0,25 g) se
prelil 100 ml vrouci vody a po 25 min se nerozpusténé podily odstra-
nily filtraci.

2.3 Pristroje a postupy

Spektrofotometr

Spektrofotometr UV/VIS Hach Lange DR 5000 pro méfeni spekter
v rozsahu 190-1100 nm. Jednotlivé slouCeniny, substraty i produkty
se rozpustily, nebo se z nich pfipravily extrakty v deionizované vodé
a po pfipadném naredéni se snimala absorpéni spektra v UV nebo
VIS oblasti s automatickym prepinanim rozsahu pfi 330 nm v kfe-
menné kyveté s optickou drdhou 10 mm proti deionizované vodé.

Destilator 1-CUBE

Vzorek (50 ml) se vpravil do destilaéni bariky pfistroje pro pfeha-
néni vodni parou s elektrolytickym vyvije€em, po 3 min pfehanéni se
ziskalo 30 ml destilatu, ktery se doplnil deionizovanou vodou na pU-
vodni objem 50 ml.

3 VYSLEDKY A DISKUSE

3.1 Absorpéni spektra vybranych slouéenin po oxidaci
manganistanem draselnym

Spektra roztokl askorbové a galové kyseliny (obé 25 mg/l), (-)-epi-
katechinu, o-dihydroxybenzenu, o-diaminobenzenu (vSechny
50 mg/l), a svétlého piva (1:50) se méfila v rozsahu 240-640 nm
(obr. 1a). K témto roztoklim se pfidal roztok manganistanu draselného
(1000 mg/l) v poméru 1:100 (vysledna koncentrace 10 mg/l) apo 1 h
pfi 25 °C se proméfila absorpéni spektra roztokl ve stejném rozsahu
(obr. 1b).
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Obr. 1a Absorpéni spektra roztokd vybranych sloucenin a piva. AA —
askorbova kyselina (25 mg/l), GAL — galova kyselina (25 mg/l), EPI
— (-)-epikatechin (50 mg/l), DHB — o-dihydroxybenzen (50 mg/l), DHA
—o-diaminobenzen (50 mg/l) a piva (1:50) / Fig. 1a Absorption spectra
of beer and selected compounds. AA — ascorbic acid (25 mg/l), GAL
— gallic acid (25 mg/l), EPI — (-)-epicatechin (50 mg/l), DHB — o-di-
hydroxybenzene (50 mg/l), DHA — o-diaminobenzene (50 mg/l) and
beer (1:50).

have recently been used to characterize and differentiate between
different beers [4].

This article aims to examine the possibility of using UV spectrom-
etry to study changes in aging beer.

2 MATERIALS AND METHODS

2.1 Chemicals

L-ascorbic acid, gallic acid, (-)-epicatechin, o-dihydroxybenzen, o-
diaminobenzene, a-phenylalanine, potassium permanganate, potas-
sium peroxodisulfate (Sigma Aldrich), hydrogen peroxide 30%
(Chemical Works Sokolov), ethanol 96% (Distillery Chrudim ).

2.2 Raw materials, intermediates and products

Non-alcoholic beer (alcohol 0.5 % w/w), pale and dark lager (the
original extract of 12% w/w) were sampled immediately after bottling
. For comparison, the same kind of pale lager was stored for 10 years
at 20 °C.

Black (Ceylon), green (gun powder) tea or hop (0.25 g) was over-
filled with 100 ml of boiling water and the suspensions were filtered
after 25 min to remove suspended particles.

2.3 Apparatus and procedures

Spectrophotometer

Spectrophotometer UV/VIS Lange Hach DR 5000 enables the
measurement of spectra in the range of 190-1100 nm. Individual com-
pounds, substrates and products were disollved in deionized water
and after possible dilution the absorption spectra were taken in the
UV or VIS region in a quartz tube with 10 mm optical path against
deionized water.

Steam distiller 1-CUBE

The sample (50 ml) was put in the distillation flask of the apparatus
for the steam distillation with electrolytic steam generator. After 3 min-
utes 30 ml of distillate was obtained and refilled by deionized water
to the original volume of 50 ml.

3 RESULTS AND DISCUSSION

3.1 Absorption spectra of selected compounds oxidized by
potassium permanganate

Absorption spectra of gallic and ascorbic acid (both 25 mg/l), (-)-
epicatechin, o-dihydroxybenzene, o-diaminobenzene (all 50 mg/l),
and pale beer (diluted 1:50) were measured in the range 240-640
nm (Fig. 1a). The solution of potassium permanganate (1000 mg/l)
was added in a ratio of 1:100 (final concentration of 10 mg/l) and after
1 h at 25 °C the absorption spectra of the solutions were taken in the
same extent (Fig. 1b).
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Obr. 1b Absorpéni spektra roztokl vybranych slou¢enin a piva. AA —
askorbova kyselina (25 mg/l), GAL — galovéa kyselina (25 mg/l), EPI
— (-)-epikatechin (50 mg/l), DHB — o-dihydroxybenzen (50 mg/l), DHA
— o-diaminobenzen (50 mg/l) a piva (1:50) po 1 h oxidace mangani-
stanem draselnym (10 mg/l) / Fig. 1b Absorption spectra of beer and
selected compounds after 1 h oxidation with potassium permanga-
nate (10 mg/l). AA — ascorbic acid (25 mg/l), GAL — gallic acid (25
mg/l), EPI -(-)-epicatechin (50 mg/l), DHB — o-dihydroxybenzen (50
mg/l), DHA — o-diaminobenzene (50 mg/l) and beer (1:50).
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Obr. 2 Absorpéni spektra vyluhli chmele, zeleného a ¢erného caje
(1:50) pred a po oxidaci manganistanem draselnym (10 mg/l) / Fig. 2
Absorption spectra of the hops, green and black tea (1:50) before
and after oxidation with potassium permanganate (10 mg/l).

V oblasti 240-340 nm vykazovalo zfedéné pivo absorpéni maxi-
mum okolo 260 nm, coz odpovida napf. také absorpénimu maximu
askorbové kyseliny. V téze oblasti lezi i absorpéni maximum polyfe-
noll i v pivu nepfitomnych latek jako jsou o-dihydroxybenzen a o-di-
aminobenzen, které se mohou povazovat za modelovy polyfenol
a jeho analog s ndhradou hydroxylovych skupin aminoskupinami. Tato
latka se vyuziva k stanoveni a-dikarbonylovych latek. Na rozdil od
Cistych slou€enin Ize na absorpéni kfivce piva pozorovat postupny
pokles absorbance za maximem kfivky (obr. 1a).

Polyfenoly se mohou snadno oxidovat roztokem manganistanu dra-
selného, na ¢emz se zakladaji nékteré metody jejich stanoveni v po-
travinach. Hydroxylové skupiny v o- poloze se tak méni v chinony s ty-
pickymi absorp&nimi maximy okolo 260, 400 a 560 nm [5]. Tomuto
vzoru odpovida i pribéh oxidace, napf. epikatechinu, ktery vykazoval
silnou absorbanci pfi 430 nm a o-diaminobenzenu (pfi 450 nm), za-
timco o-dihydroxybenzen neposkytoval vyraznou zménu absorpéniho
maxima, ale pozvolnéjsi pokles absorbance po jeho dosazeni.V roz-
toku galové kyseliny poklesla hodnota absorpéniho maxima a pak
nasledoval pozvolny pokles absorbance bez vyraznéjSich maxim ve
viditeIné oblasti.

Narlst absorbance po oxidaci polyfenoll je dobfe znamym proje-
vem u enzymového i neenzymového hnédnuti potravin i ndpoju, jako
piva, vina i €aje. S navySenim barvy také souvisi dimerizace az po-
lymerace polyfenoll.

Naproti tomu oxidaci téméf vymizelo absorpéni maximum askor-
bové kyseliny, u piva se nepatrné zvysila hodnota absorpéniho ma-
xima, a jeho poloha se posunula k niz§im vinovym délkam (obr. 1a, b).
Zmény obsahu askorbové kyseliny po jeho pfidavku k pivu mohou
slouzit jako jednoduchy marker oxidacnich procesu piva. Do piva se
pfitom pfida pfi staeni roztok askorbové kyseliny v koncentraci 10-30
mg/l a sleduji se oxida¢ni zmény jednoduchym mérenim poklesu ab-
sorpéniho maxima zfedéného piva.

3.2 Absorpéni spektra vyluhu chmele a ¢ajl po oxidaci
manganistanem draselnym

Vyluhy chmele a €aju se zfedily v poméru 1:50 a zméfila jejich
spektra v rozmezi 240-640 nm. K témto roztokim se pfidal roztok
manganistanu draselného (1000 mg/l) v poméru 1:100 a po 1 h pfi
25 °C se proméfila absorpéni spektra roztokd ve stejném rozsahu.

Oxidovatelnost pfirodnich polyfenolli se ovéfovala u vyluhG chmele
a ¢ajl, které po zfedéni vykazovaly také maxima v UV oblasti a jejichz
hodnoty se oxidaci vyrazné zvySily s pozvolnym poklesem absor-
bance po dosazeni maxim (obr. 2).

3.3 Absorpcéni spektra piv a jejich destilatd

Nealkoholické pivo, svétly a tmavy lezak po stoCeni a svétly lezak
po 10 letech skladovéani se zfedily 1:50 a zméfilo se absorpéni spekt-
rum v rozmezi 240-640 nm (obr. 3a). Stejnym zpUsobem se zméfila
spektra vzorku, pfehanénych vodni parou (obr. 3b).

Absorpéni spektra zfedénych piv vykazovala maxima okolo 260
nm, kterd jsou typicka pro produkty rozkladu sacharidud i oxidace po-
lyfenold. Podle oéekavani odpovidal tento trend i barvé piv ve viditelné
oblasti, pfiemz Cerstvé tmavé pivo mélo vyrazné vyssi barvu nez
velmi staré svétlé pivo.

Naproti tomu u destilatl se vyrazné absorpéni maximum prokazalo

The diluted beer showed absorption maximum around 260 nm,
which corresponds to absorption maximum e.g. of ascorbic acid as
a model reductone. The absorption maximum of natural polyphenols
as typical beer compounds showed similar pattern as well as o-dihy-
droxybenzen and o-diaminobenzene which are absent in beer. They
could be considered as a model of polyphenol and its analogue with
a substitution of hydroxyl groups by amino groups. 1,2 diaminoben-
zene is usually used to determine a-dicarbonyl compounds. The ab-
sorption curve of beer showed gradual decrease after the absorption
maximum had been reached. (Fig. 1a).

Polyphenols can be easily oxidized by potassium permanganate,
which is used in methods of their determination in foods. Hydroxyl
groups in the o-position are changed to the quinones with typical ab-
sorption maxima around 260, 400 and 560 nm [5].

This pattern was observed in the course of oxidation of epicatechin
or o-diaminobenzene, which showed a strong absorbance at 430 nm
resp. 450 nm, while o-dihydroxybenzene did not give a significant
change in absorption maxima, but showed a gradual decreasing curve
in region of longer wavelengts. The absorption maximum of gallic acid
decreased, which was followed by a gradually decreasing curve with-
out any significant peaks in the visible region.

Absorbance increase of polyphenols in visible region presents a
well-known phenomenon of enzymatic or nonenzymatic browning of
foods and beverages such as beer, wine and tea. It is also usually
linked to dimerization and polymerization of polyphenols. In contrast,
absorption maximum of ascorbic acid almost disappeared after oxi-
dation. The absorption maximum of beer slightly increased and its
position was shifted to lower wavelengths (Fig. 1, b).

Changes in ascorbic acid content after its addition to beer can serve
as a simple marker of oxidative processes of beer. Ascorbic acid is
dosed into beer at a concentration of 10-30 mg/l and the decrease
of the resulting maximum is followed during beer storage, which re-
sponds to oxidative changes in beer.

3.2 Absorption spectra of the hop and tea extracts after
oxidation with potassium permanganate

Extracts of hops and the tea were diluted in a ratio of 1:50 and their
spectra in the range 240-640 nm were taken. The solution of potas-
sium permanganate (1000 mg/l) was added to these extracts (1:100)
and after 1 h at 25 ° C the absorption spectra were measured.

The ability of natural polyphenol to be oxidized was verified by per-
manganate oxidation, at which the absorption maximum at around
260 nm increased which was accompanied by decreasing absorption
curve after the maximum had been reached (Fig. 2).

3.3 Absorption spectrum of beers and its distillates

Non-alcoholic beer, pale and dark lager as well as pale lager after
10 years of storage were diluted in ratio 1:50 and the absorption spec-
tra in the range of 240-640 nm were taken (Fig. 3a). In the same way,
the absorption spectra of the volatiles were examined (Fig. 3b).

Absorption spectrum of diluted beer showed a maximum around
260 nm, which is typical for saccharide or polyphenol oxidation and/or
degradation products. As expected, this trend continued in the visible
range of beers but the color of fresh dark beer was significantly higher
than that one of old pale lager.

In contrast, the distillates showed strong absorption maximum at
277 nm, that corresponds to absorption spectrum of furfural which
proves a significant degradation of sacharide components during beer
aging. The increase in absorbance around 210 nm has been also ob-
served, which probably refers to volatile components, such as pheny-
lacetaldehyde.

3.4 Absorption spectra of volatile compounds of maltose and
non-alcoholic beer

Maltose solutions (5% w/w), decarbonised non-alcoholic beer with
and without addition of 0.2% potassium peroxodisulfate or ethanol
(5% by volume) was steam distilled and absorption spectra of distil-
lates at 240-340 nm were measured (Fig. 4).

Beer oxidation using oxidation agents was called destructive anal-
ysis of beer (ODA), to highlight the different changes in the properties
of beer after model oxidation of beer. The typical attributes of beer
aging were observed after storage with the addition of potassium or
ammonium peroxodisulfate [6]. They comprises increased color, tur-
bidity and a significant presence of aged smell and taste.

Volatile compounds with absorption maxima at 216 and 265 nm
were also obtained by oxidation of maltose, whereas 265 nm maxi-
mum occurred even in non-alcoholic beer, which is close to the wort.
Addition of ethanol increased the content of volatile compounds in
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Obr. 3a Absorpéni spektra nealkoholického, Cerstvého, starého (10
let) a tmavého piva (1:50) / Fig. 3a Absorption spectra of non-alco-
holic, fresh, old (10 years) and dark lager beer (1:50).

pfi 277 nm, coz odpovida zvySenému obsahu furfuralu a svédéi o vy-
razném rozpadu sacharidickych slozek piva pfi jeho starnuti. Zaji-
maveé je i zvySeni absorbance okolo 210 nm, které odpovida absorp¢-
nimu maximu tékavych slozek, napf. fenylacetaldehydu.

3.4 Absorpc¢ni spektra tékavych latek po oxidaci maltosy
a nealkoholického piva

Roztoky maltosy (5 %), dekarbonizované nealkoholické pivo bez
a s pfidavkem 0,2 % peroxodisiranu draselného nebo ethanolu (5 %
obj.) se pfehanélo vodni parou a zméfila absorpéni spektra destilat
pfi 240 az 340 nm (obr. 4).

Techniky oxidace roztok piva oxida¢nimi €inidly vyuziva oxida¢né
destrukéni analyza piva (ODA), kterd upozornila na rozdilné zmény
vlastnosti piva po pfidavku oxida¢nich ¢inidel. Po skladovani piva
s pfidavkem peroxodisiranu draselného, nebo amonného se proka-
zaly v8echny typické znaky rychlého starnuti piva, jako jsou zvy$ena
barva, tvorba zakalu i vyrazny vyskyt cizi viiné a chuti [6].

Oxidaci maltosy se ziskaly tékavé latky s absorpénimi maximy pfi
216 a 265 nm, pficemz maximum pfi 265 nm se vyskytovalo i u ne-
alkoholického piva, které je blizké mladiné. Pfidavek ethanolu zvy$o-
val obsah téchto latek v pivu s pfidavkem peroxodisiranu draselného
i bez néj, coz Ize vysvétlit bud jejich silnéjSim rozkladem i inhibici
jejich tvorby. Oxidaci tohoto piva peroxodisiranem draselnym se také
zvySoval obsah tékavych slozek charakterizovanych zvySenim ab-
sorbance v okoli 210 nm. Tyto zmény odpovidaji dfive pozorovanym
spektrim pfi oxidaci sladiny, mladiny a piva [7].

3.5 Vliv ethanolu na tvorbu zakald oxidaci fenylalaninu

Roztok a-fenylalaninu (100 mg/l) s pfidavkem 0,1 % peroxodisiranu
draselného, popt. s pfidavkem ethanolu (5 % obj.) se po 20 min pro-
bublavani dusikem nebo vzduchem zahfival 7 dni pfi 45 °C a zazna-
menala se spektra vzork( i jejich destilatt pfi 200-640 nm (obr. 5a, b).

Pfi oxidaci fenylalaninu v anaerobnim prostiedi se navic tvofil zakal,
jehoz tvorbé branil pfidavek ethanolu. Tomuto pozorovani odpovida
tvorba nerozpustnych, pravdépodobné aldehydickych, polymer( slo-
zek poskytujicich zakal. Samovolna polymerace aldehydl je dobre
dokumentovana [8].

Kromé ocekavaného narlstu obsahu tékavych slozek je zajimava
podobnost se spektrem benzaldehydu s maximem okolo 250 nm.
Tato latka se z fenylalaninu muize ziskat oxidaci glyoxalem i peroxo-
disiranem draselnym, pfi¢emz peroxodisiran poskytoval oproti glyo-
xalu vyssi vytézek. Podobné mél peroxodisiran draselny proti glyoxalu
vys$Si oxidaéni ucinek pfi oxidaci sacharidt [9,10,11].

3.6 Vznik barevnych pigmentd z askorbové kyseliny

Roztoky askorbové kyseliny (100 ml, 10 %) bez a s pfidavkem pe-
roxidu vodiku, peroxodisiranu draselného, manganistanu draselného
(v8echny 0,01 %) a ethanolu (5 %) v Erlenmeyerovych barkach (cel-
kovy objem 120 ml) se udrzovaly 4 dny pfi 45 °C ve tmé a potom se
proméfila spektra nefedénych vzork( ve viditelné oblasti 400-640 nm
(obr. 6).

Obvykle se silny antioxidant jako je askorbova kyselina povazuje
za latku schopnou zachycovat silna oxida¢ni €inidla, napf. kyslikové
radikaly. Méné se pfihlizi ke skute¢nosti, ze oxidaci askorbové kyse-
liny vznikaji nezadouci oxida¢ni produkty, jako je dehydroaskorbova
kyselina, jejiz rozklad dale vede k tvorbé nezadoucich pokrocilych

Obr. 3b Absorpéni spektra destilatli nealkoholického, cerstvého, sta-
rého (10 let) a tmavého piva / Fig. 3b Absorption spectra of distillates
of non-alcoholic, fresh, old (10 years) and dark beer.

beer after the oxidation with potassium peroxodisulfate, which can be
explained either by stronger sacharide degradation or on the con-
trarory by inhibition of volatile degradation. Peroxodisulfate oxidation
of beer also increased the content of volatile components with high
absorbance around 210 nm. These changes closely resembled the
observed spectra during the oxidation of wort, wort and beer [7].

3.5 Effects of ethanol on the turbidity of phenylalanine oxidation
The solution of a-phenylalanine (100 mg/l) containing potassium
peroxodisulfate (0.1%.) with the addition of ethanol (5 %v/v) was bub-
bled with nitrogen or air for 20 min. The spectrum of samples and
their distillates was recorded after heating at 45 °C (Fig. 5a, b).

The oxidation of phenylalanine in the absence of oxygen provided
a haze, which was prevented by the addition of ethanol. This obser-
vation corresponds to the formation of insoluble polymers. Sponta-
neous polymerization of aldehydes is well documented [8].

The spectrum of benzaldehyde showed a maximum around 250
nm. This substance can be obtained from phenylalanine by oxidation
with glyoxal or potassium peroxodisulfate which provided higher yield
than glyoxal. Similarly, potassium peroxodisulfate had higher oxida-
tion effect in comparison to glyoxal during the oxidation of saccharides
[9,10,11].

3.6 The formation of color pigments of ascorbic acid

Ascorbic acid solution (100 ml, 10% w/w) with and without addition
of hydrogen peroxide, potassium persulphate, potassium perman-
ganate (all 0.01%) and/or ethanol (5% v/v) were put into Erlen-
meyerovych flasks (total volume 120 ml) and kept in the dark for 4
days at 45 ° C. The spectra of undiluted sample were taken in the vis-
ible range 400-640 nm (Fig. 6).

0,35

——MPK
——MPKEt

0,3 3

Absorbance (AU)

Vinova délka / wavelength (nm)

Obr. 4 Absorpéni spektra po oxidaci roztokdl maltosy (M, 5 %) a ne-
alkoholického piva (FR) s pfidavkem peroxodisiranu draselného (PK,
0,2 %) a ethanolu (Et, 5 % obj.) pfi pfehanéni vodni parou / Fig. 4
Absorption spectra of destillates after the oxidation of maltose (M,
5 % w/w) and non-alcoholic beer (FR) with and without addition of
potassium peroxodisulfate (PK, 0.2 % w/w) and ethanol (Et, 5% v/v)
after steam distillation.
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Obr. 5a Absorpéni spektra po oxidaci roztokl fenylalaninu (Ph, 100
mg/l) s pfidavkem perodisiranu draselného (PK, 0,2 %) a ethanolu
(Et, 5 % obj.), skladovanych 7 dni pfi 45 °C za pfitomnosti (O) a ne-
pfitomnosti vzduchu. (N). Pro porovnani spektrum fenylalaninu (Ph,
100 mg/l) ve vodném roztoku (100 mg/l) / Fig. 5a Absorption spectra
of phenylalanine (Ph, 100 mg/l) containing potassium peroxodisulfate
(PK, 0.2 % w/w) and ethanol (Et, 5 % v/v), stored 7 days at 45 °C in
the presence (O) and absence air (N). Absorption spectrum of phe-
nylalanine (Ph, 100 mg/l) in aqueous solution (100 mg/l) is shown for
the comparison.

glykaénich produkttd (AGEs — advanced glycation endproducts).
K témto produktim patfi jednoduché aldehydy, opét snadno podié-
hajici polymeraci. Pfi aerobni a anaerobni oxidaci sacharidi navic
vznikaji rozdilné produkty [12].

4 ZAVER

Podle vysledku této studie Ize nalézt spole¢né rysy samovolné pro-
bihajicich procesl oxidace piva. Po jeho stoceni se silné posune oxi-
dacéné redukéni rovnovéha odstranénim kvasnic s aktivnimi dehyd-
rogenasami, coz umozfiuje dali pfenos elektronl z redukénich latek
piva na oxidacni latky, pfi¢emz mohou vzniknout reaktivni radikaly
nebo reaktivni formy oxida¢nich Cinidel, jako jsou peroxidy a chinony,
které dale mohou oxidovat dalsi slozky piva. Sou¢asné se spotiebo-
vava kyslik pfitomny v pivu a hrdlovém prostoru lahve.

Pfi postupnych zménach oxidaéné redukéniho potencialu pfecha-
zeji aerobni oxidace na anaerobni, coz vede k tvorbé rozdilnych oxi-
dacnich produktu, a tim i rGzné se projevujicim pfiznakdm starnuti
piva. Zajimavy je i obecny sklon k polymeraci vznikajicich slozek, oxi-
dovanych polyfenolli, degradaénich produktll sacharid a tékavych
aldehydd. Vznik polymernich
sloucenin a jejich dalsi oxida¢ni

Obr. 5b Absorpéni spektra tékavych latek po oxidaci roztokl fenyla-
laninu (Ph, 100 mg/l) s pfidavkem peroxodisiranu draselného (PK,
0,2 %) a ethanolu (Et, 5 % obj.), skladovanych 7 dni pfi 45 °C za pf¥i-
tomnosti (O) a nepfitomnosti vzduchu. (N) / Fig. 5b Absorption spectra
of volatile compounds after the oxidation of solutions of phenylalanine
(Ph, 100 mg/l) containing perodisiranu potassium (PK, 0.2 % w/w)
and ethanol (Et, 5 % v/v), stored 7 days at 45 °C in the presence (O)
and the absence of air (N).

Powerful antioxidant such as ascorbic acid is usually considered
as a scavenger of oxygen radical. On the other hand the oxidation of
ascorbic acid leads to undesirable oxidation products such as dehy-
droascorbic acid, the decomposition of which leads to the undesirable
glycation products (AGEs — advanced glycation endproducts). These
products also include simple aldehydes, once again susceptible to
polymerization. The aerobic and anaerobic oxidation of carbohydrates
provided a broad scale of different products [12].

4 CONCLUSIONS

The aim of this study was to find common features of spontaneous
oxidation of beer. After the bottling process beer redox balance
strongly decreases thanks to the removal of active dehydrogenases
of yeast, which is followed by further electron transfer from reducing
substances to oxidizing ones. Oxidative agents which may also form
reactive species such as peroxides and quinones. These oxidants
then can oxidize other ingredients of beer. Oxygen dissolved in beer
and gas oxygen in head space of bottle present a reserve of further
oxidation agent.

The successive changes in re-

dox potential lead to the formation

degradace jsou typické i pro oxi- 14
dace lipidickych latek, jejichz oxi-
daci muze vznikat malondialde-
hyd, ktery vznika i oxidaci
sacharidd.

U nékterych slozek mlze pfi-
vod nedostate€ného mnozstvi
kysliku pfispivat k tvorbé neza-
doucich produktt, nebo naopak
se tyto produkty dalSi oxidaci
mohou ménit na relativné ne-
Skodné slouceniny. Je zde urcita
analogie se spalovanim paliva,

Absorbance (AU)

of different oxidation products

e which is felt as a symptom of aging
——AAPK beer. General tendency to poly-
-o-AA MnO4 merization of oxidized polyphe-
—o—AA H202

nols, degradation products of sac-
charides and volatile aldehydes is
typical of this process. Formation
of polymer compounds and their
further oxidative degradation are
also typical of the oxidation of lipid
substances, which may be termi-
nated by malondialdehyde forma-
tion, which is also generated by the

kdy za nepfistupu vzduchu
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formation of unwanted products,

relativné neSkodné produkty
jako jsou voda a oxid uhlicity.
Téchto analogii Ize pfi aerobnim
a anaerobnim starnuti nalézt
mnohem vice.

Zajimavy je inhibiéni vliv etha-
nolu na oxidaéni procesy, pfi-
¢emz ale vznikaji nezadouci pro-
dukty jako radikaly ethanolu,

Obr. 6 Absorpéni spektra roztokd askorbové kyseliny (AA, 10 %) s pfi-
davkem oxidaénich ¢inidel peroxodisiranu draselného (PK, 0,01 %),
manganistanu draselného (KMnO,, 0,01 %), peroxidu vodiku (H,O,,
0,01 %) a ethanolu (EtOH, 5 % obj.) po zahfivani 7 dni pfi 45 °C) /
Fig. 6. Absorption spectra of volatile compounds after oxidation of
ascorbic acid (AA, 10% w/w) with potassium peroxodisulfate (PK,
0.01 % w/w), potassium permanganate (KMnO4, 0.01 % w/w), hyd-
rogen peroxide (H,O,, 0.01 % v/v) and ethanol (EtOH, 5 % v/v) 7
days after heating at 45 °C).

or vice versa, the further oxidation
products may form relatively harm-
less compounds. There is some
analogy with the burning fuel,
which if partially protected from air
creates harmful smoke, while the
products of combustion in suffi-
cient amount of air provides rela-
tively harmless products like water
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acetaldehyd a kone¢né jeho dalsi oxida¢ni produkty jako kyselina oc-
tova. V konec¢né fazi se opét ethanol miize ménit na vodu a oxid uh-
liCity. Zavisi ovSem na stupni Skodlivosti téchto latek v porovnani se
Skodlivymi oxidacnimi produkty sacharid(i, napf. glyoxalu a methyl-
glyoxalu. Radikalové mechanismy redukce dale umoznuji tvorby i re-
dukénich produktl, jako superoxidového radikalu, nebo ethylenu.
Také dal$im rozkladem sacharid(i vznikaji silné redukujici latky.

Obecné se redukéni Cinidla povazuji za prostfedek k oddaleni ne-
zadoucich zmén, jejich plsobenim vSak mohou vznikat nezadouci
senzorické slouceniny jako jsou thioly a redukovat kyslik za vzniku
nebezpecnych reaktivnich oxida¢nich druha.

Silné oxidaéni nebo redukéni Cinidlo pfedava elektrony ostatnim
slozkam piva rliznou rychlosti, kterou Ize zvysit aktivaénimi zasahy,
jako jsou vyssi teplota, svétlo a pfisun dal§iho mnozstvi kysliku napf.
pohybem. Po sto€eni obsahuije pivo v obalu rozpustény kyslik, plynny
kyslik a jeho slou¢eniny v podobé dfive vytvofenych latek, které mo-
hou také oxida¢né plsobit v prlibéhu starnuti.

Sklon k starnuti piva tedy vznika jiz pfi ukladani kysliku do jedno-
tlivych sloucenin jiz pfi rastu jeCmene.
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Zprava o ¢innosti komise MEBAK za rok 2010

V roce 2010 se konala dvé zasedani ko-

mise MEBAK, jedno na pozvani Brau-Union
Osterreich AG ve dnech 14. az 16. dubna
v Linci (Rakousko) a druhé ve dnech 15. az
17. fijna na pozvani pivovaru Feldschléss-
chen v Rheifeldenu (Svycarsko).

Béhem jarniho zasedani v Linci probéhla
pravidelna volba predsednictva MEBAK.
Pfedsedou byl zvolen Dr. Fritz Jacob (Fors-
chungszentrum fir Brau- und Lebensmittel-
qualitat, Freising), mistopfedsedou Dr. Gerd
Bender (Karlsberg Brauerei GmbH, Hom-
burg). Pozici pokladnika pfevzal Dr. Gerold
Reil (Lehrstuhl fur Chemisch-Technische
Analyse, Freising) a zapisovatelem dale zu-
stava Ing. Martin Zarnkow (Lehrstuhl fiir Brau-
und Getranketechnologie, Freising). Dlouho-
lety pfedseda MEBAK Dr. Anger (dfive Ver-
suchs- und Lehranstalt fir Brauerei, Berlin)
byl zvolen &estnym prfedsedou. Tiskovym

mluvéim MEBAK byl jmenovan Dr. August
Gresser (BergnerBrau GmbH, Eppan).

Prace na novém vydani pfirucky MEBAK
Obaly a obalovy materidl, ktera zahrnuje za-
kladni normy, pfedpisy a postupy zkou$eni,
jejimiz koordinatory byli Ing. Ingrid Weber
(Versuchs- und Lehranstalt fiir Brauerei, Ber-
lin) a Dr. Gerd Bender, byly uspésné dokon-
¢eny a jeji digitalni forma je k dispozici. Sou-
Casné byly dokonéeny prace na prekladu
pomérné obsahlého svazku Suroviny do ang-
lictiny, tak ze by mél byt jiz v roce 2011 na
trhu v tisténé formé. Na veletrhu Brau 2010
byla sou¢asné zvefejnéna smérnice MEBAK
tykajici se vyCepnich zafizeni (koordinatofi
Dr. Gresser a Ing. Johannes Tippman).

V soucasné dobé je pfepracovavan byvaly
svazek Il. (Mladina, Pivo a michané napoje
na bazi piva). Koordinatorem &asti tykajici se
piva je Dr. Anger a €asti pojednavajici o mi-

chanych napojich Dr. Elsbeth Jullich (Déhler
GmbH, Darmstadt). Zvefejnéni je planovano
na rok 2011. Dal$i vystupy komise MEBAK
se tykaji vypracovani smérnic pro vyhodno-
covani a kontrolu filtraénich zafizeni (koordi-
nator Stefan Kreisz (Carlsberg A/S Group Re-
search, Kodan), in-line méficich zafizeni (Dr.
Roland Folz) a analytiky DMS (Dr. Mehmet
Coelhan, Forschungszentrum fir Brau- und
Lebensmittelqualitat, Freising).

Nyni jsou pfepracovavany predpisy pro ex-
trakci kationtl z filtraénich materialt a po-
stupy stanoveni DMS.V jejich ramci probihaji
mnohé mezilaboratorni porovnavaci testy.

Obé metody tykajici se stanoveni gushingu
byly pfepracovany a jsou nyni zvefejnény
v aktudlni formé jako ,Modifizierter Carls-
bergtest 2.0 a,,Guschingschnelltest fir Malz-
und Rohfrucht na internetovych strankach
MEBAK (www.mebak.org).

Dr. Fritz Jacob (predseda MEBAK)
PreloZil: Ing. Jifi Culik, CSc.
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