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Prace byla zamérena na porovnani obsahu jednoduchych fenolovych latek v pivech rGzné provenience: ¢eské, bulharské a dalSich
zemi.V prvni ¢asti prace bylo zjisténo, ze slozeni bulharskych lezakd je spiSe podobné zahraniénim lezdkim nez ¢eskym, jak o tom
svédEi nizky rozdil prokvaseni, nizka barva, horké latky, barva a rovnéz nizsi obsah celkovych polyfenolll. Z toho vyplyva, Ze i z tohoto
hlediska je sloZzeni ¢eského piva vyjimecné. V dals$i ¢asti prace byla vénovana pozornost obsahu jednoduchych polyfenolt. Ten v rliz-
nych typech piv znac¢né kolisa a zatim nebyl nalezen zadny vztah napf. ke stupnovitosti, obsahu celkovych polyfenolt, anthokyanogent
atd. Je to zfejmeé zplsobeno tim, Ze hladina téchto jednoduchych polyfenoll je znaéné ovlivnéna skladbou surovin, varnim postupem a
pravdépodobné také stabilizaénim postupem. Déle bylo zjisténo, Ze vysledky skupinovych metod stanoveni celkovych polyfenolt, ant-
hokyanogen( a flavanoid(i nejsou ovlivnény pritomnosti téchto jednoduchych fenolickych slou¢enin nebo jen v zanedbatelné mite, a to
vzhledem k nizké koncentraci téchto latek v pivu.

Kellner, V. - Cejka, P. — Marinova, G. — Baévarov, V. — Jurkova, M. — Culik, J. — Horak, T. — Dvofak, J. — Haskova, D.: Simple polyp-
henolic compounds in beers of different origins. Kvasny Prum. 56, 2010, No. 5, p. 234—238.

The aim of the study was comparation of content of simple polyphenolic compounds in beer of various origin: Czech, Bulgarian and
other countries. In the first part of this study it was demonstrated that the composition of Bulgarian lager beers resemble more foreign
lager beers than Czech lager beers as evident from colour, the lower attenuation difference, content of bitter compounds and total po-
lyphenols. Obviously the composition of Czech beer is unique.

The following part of the study shows the contents of simple polyphenols. The content of simple polyphenols in beers varies consi-
derably. Up to now no relationship such as to the degree of attenuation, the content of total polyphenols or the content of anthocyano-
gens was found. The probable explanation is that the content of these simple polyphenols is considerably influenced by the composi-
tion of raw materials, the brewing method and apparently also by the stabilization method. Furthermore it was proven that the results of
the determinations according to conventional group methods for total polyphenols, anthocyanogens and flavanoids are not, or only ne-
gligibly influenced by the presence of simple polyphenols due to their low concentrations in beer.

Kellner, V. — Cejka, P. — Marinova, G. — Baévarov, V. — Jurkova, M. — Culik, J. — Horak, T. — Dvofak, J. — Hadkova, D.: Studium ein-
fachen Polyphenol Stoffen in den verschiedenen Bieren. Kvasny Prum. 56, 2010, Nr. 5, S. 234-238.

Der Artikel befasst sich mit dem Vergleich des Gehalts an einfachen Polyphenol Stoffen in den Bieren verschiedener Herkunft, aus
Tschechien, aus Bulgarien und aus den anderen Landern. Im ersten Teil dieser Arbeit wurde es festgestellt, dass die Zusammenset-
zung der bulgarischen Biere naher zu dem westeuropéischen Lagerbier als zum tschechischen Bier ist, was durch die Bieranalyse un-
tersturzt wird, z.B. ein niedrigerer Unterschied zwischen dem scheinbaren und dem wirklichen Vergérungsgrad, helle Bierfarbe, niedri-
gerer Gehalt an Bitterstoffe und an gesamte Polyphenolen. Aus diesem Punkt geht hervor, dass die Zusammensetzung des tschechischen
Bieres ungewdhnlich ist. Im weiteren Teil des Artikels wurde die Aufmerksamkeit dem Gehalt an einfachen Polyphenol Stoffen gewid-
met. In den verschiedenen Bieren dieser Gehalt wesentlich variiert und bisher keine Beziehung z.B. zur Gradigkeit und zum Gehalt an
gesamten Polyphenolen, Anthokyanogenen usw. gefunden wurde. Dies ist vermutlich verursacht durch die Tatsache, dass der Gehalt
an einfachen Polyphenol Stoffen durch die Rohstoffenzusammensetzung, durch den Brauprozess und wahrscheinlich auch durch Sta-
bilisationsverfahren wesentlich beeinflusst wird. Weiterhin wurde es festgestellt, dass die Ergebnisse von Gruppenmethoden der Er-
mittlungen des Gehalts an gesamten Polyphenolen, Anthokynogen und Flavanoiden durch die Anwesenheit von einfachen phenolischen
Verbindungen wegen niedrigen Konzentration von diesen Stoffen im Bier nicht oder sehr wenig beeinflusst sind.

Kli¢ova slova: polyfenoly, fenolové slouceniny, HPLC, coulometricka
detekce, CoulArray detektor, pivo

1 UVOD

ktné odlisit Ceska piva od zahrani¢nich piv plzeniského typu (Pilsner,
Pils, Pilsener apod.). Bylo zjisténo, Ze jednim ze zékladnich charak-
teristickych znak( piva ¢eského typu je pfitomnost neprokvaseného
extraktu (tj. Ceska piva se konzumuji ve stadiu dokvaSovani). Naprosta
vétSina Geskych piv obsahuje neprokvaseny extrakt v rozmezi asi
3-12 %. Na druhé strané drtiva vétsina piv zahrani€nich je prokva-
Sena uplné nebo téméf upiné (pod 1 %). Déle maji Ceska piva vyssi
barvu, o néco vysSi pH a obsahuiji vice hofkych latek. Nase piva maji
také vice celkovych polyfenoll. Vyssi barva a vy$si obsah polyfenold
jsou dlisledkem pouziti technologického postupu ve varné (tzv. dvour-
mutového dekokéniho postupu), ktery se v Ceskych pivovarech na

Keywords: polyphenols, phenolic compounds, HPLC, coulometric
detection, CoulArray detector, beer

1 INTRODUCTION

Based on our previous research studies we succeeded in exact dif-
ferentiating Czech from foreign Pilsener beers (Pilsner, Pils, Pilsener
etc). It was found that one of the characteristic features of the Czech
beer is the presence of unfermented extract. (That means Czech beers
are consumed in the stage of secondary fermentation.) The majority of
Czech beers contain unfermented extract, with amounts from 3to 12 %.
On the contrary, the majority of foreign beers are fully or almost fully fer-
mented (the content of unfermented extract is lower than 1 %). In ad-
dition the Czech beers have a more intensive colour, a little higher pH
and they contain more bitter compounds. Czech beers also contain more
total polyphenols. The intensive colour and the higher content of polyp-
henols result from the use of a specific technology in the brewhouse —
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rozdil od zahrani&i nejvice pouziva. Ze senzorickych charakteristik se
pivo ¢eského typu vyznacuje zejména vyssi plnosti chuti, hofkosti,
del$im doznivanim horkosti a niz§im vyskytem cizich vini a chuti [1].
Zejména tyto vlastnosti Ize povazovat za idealni z hlediska schop-
nosti piva pobizet k dalSimu napiti. Uspéch ¢eského piva prameni ze
skute¢nosti, Zze vyhovuje velmi dobfe lidské fyziologii.

Vy$8i obsah polyfenold v eskych pivech je velmi vyznamnym prv-
kem, ktery naSe piva odliSuje od piv zahrani¢nich, proto je pfedmé-
tem naseho dal$iho podrobného zkoumani v ramci vyzkumného za-
méru MSM6019369701 ,,Vyzkum sladarskych a pivovarskych surovin
a technologii“. Z tohoto pohledu jsme rozsifili nd$ vyzkum i na jed-
notlivé fenolové slouc¢eniny.

Polyfenoly se do piva dostavaji ze surovin, tj. z je€mene, respek-
tive ze sladu, chmele a chmelovych preparatu jako pfirozené pfirodni
slozky, které maji vliv jak na jeho senzorické vlastnosti, tak i na cel-
kovou trvanlivost vyrobku. Jejich hlavnimi pfedstaviteli jsou flavono-
idy, patfi sem také derivaty kumarinu, chinony, ubichinony, derivaty
chlorogenove kyseliny, volné fenoloveé kyseliny a dalsi. Rozdéleni
a chemickou strukturu podrobné popsali Cepicka a Karabin [2]. Pre-
hledovou praci o polyfenolech publikoval Derdelinckx [3].

Ptirodni polyfenoly jsou latky, které se obecné vyskytuji v kife, lis-
tech, kofenech a plodech rostlin. Jsou to latky s antioxida¢nimi vlast-
nostmi. Diky tomu je jejich pfitomnost v pivu velmi vyznamna ze zdra-
votniho hlediska. Antioxidanty jsou vlastné jakymisi lapaci radikal
a eliminuji tak jejich Skodlivé plisobeni v lidském organismu [4].

Polyfenoldm v pivu jsou pFisuzovany Uc¢inky antioxidacni, antimu-
tagenni, antikarcinogenni, antimikrobidlni, antitrombotické, antiflogis-
tické, imunomodulaéni, dale reguluji krevni tlak a hladinu krevni glu-
kosy. Polyfenolové antioxidanty chrani pfed ateroskler6zou, zvy$uji
rezistenci LDL proti oxidaci. Maji vazorelaxa¢ni a antikoagula¢ni ugi-
nek [4, 5].

V pivech se vyskytuji derivaty benzoové kyseliny a skoficové ky-
seliny, 4-hydroxyfenyloctova kyselina, salicylova kyselina, vanilin,
chlorogenova kyselina, rizné flavonoidy a dalsi latky [6, 7].

V ramci mezinarodni spoluprace mezi VUPS a bulharskym part-
nerem jsme v ramci vyzkumného zaméru MSM6019369701 provedli
porovnani obsahu jednotlivych polyfenoll v nasich pivech s pivy na
bulharském trhu. Pro porovnani jsou vysledky jesté doplnény analy-
zami zahrani¢nich piv zapadoevropské provenience.

2 EXPERIMENTALNI CAST
2.1 Analytické metody

Analyza polyfenolt probihala v chromatografickém systému HPLC
s binarnim gradientem s vyuzitim vysoce citlivého elektrochemického
CoulArray detektoru s osmi grafitovymi elektrodami v fadé s nasta-
venymi potencialy 250, 300, 400, 500, 600, 700, 800, 900 mV vze-
stupné. Elektrochemicky aktivni latky eluované z chromatografické
kolony prochazely postupné fadou elektrod, kde pfi dosaZzeni poten-
cialu charakteristického pro kazdy analyt, byly oxidovany. Byl méfen
prochazejici proud, event. naboj, ktery byl umérny koncentraci pro-
chéazejiciho analytu. Nejvyssi odezva (dominantni pik) pfi ur€itém na-
staveném potencidlu byla pouzita pro kalibraci a stanoveni kazdého
analytu v jeho retenénim Case.

Pro separaci polyfenolll byla pouzita chromatograficka kolona Sy-
nergi Hydro-RP 250x4 mm s velikosti ¢astic sorbentu 4 um. Pratok
mobilni faze byl 0,8 ml/min a teplota kolony 35 °C.

Mobilni faze byly tvofeny 0,005 M octanem amonnym (Cistota pro
MS) a acetonitrilem (Cistota pro gradient). Mobilni faze A obsahovala
5 % acetonitrilu, mobilnifaze B obsahovala 50 % acetonitrilu, pH obou
fazi bylo upraveno na hodnotu 3 kyselinou mravenci (Cistota pro MS).
Na kolonu bylo davkovano 10 ml vzorku odplynéného piva zfedéného
mobilni fazi A v poméru 1:1.

Pro analyzu byl pouzit gradient (fab. 1):

Tab. 1 Gradient mobilni faze / Mobile phase gradient

the two-mash decoction method. This technology is preferably used in
Czech breweries but not in foreign breweries. Regarding the sensory
characteristics Czech beers are especially characterized by higher pa-
latefulness, bitterness, longer fading of bitterness and lower incidence
of foreign odour and off-flavour [1]. In particular these attributes could
be considered as ideal in terms of the ability to encourage beer con-
sumption. The success of Czech beer stems from the fact that it com-
plies very well with the human physiology.

As the higher content of polyphenols in Czech beers is a very im-
portant characteristic which distinguishes it from foreign beers, it be-
came the topic of a further investigation in the framework of the Re-
search Project MSM6019369701 “Research of Malting and Brewing
Raw Materials and Technologies”. Consequently our research was
focused on the individual polyphenolic compounds.

The sources of polyphenols in beer are raw materials as barley or
malt, hops and hop pellets. They are natural components, which in-
fluence both the sensory properties and the total stability of the beer.
The most important polyphenols are flavanoids, derivates of couma-
rin, chinons, ubichinons, derivates of chlorogenic acid, free phenolic
acids and some others. The division and structures are described by
Cepitka and Karabin [2]. The overview of the polyphenols was pub-
lished by Derdelinckx [3].

In general the natural polyphenols occur in the cortex, the leaves,
the roots, and the fruits of plants. Their presence in beer is significant
from the health point of view due to their anti-oxidative effects. Anti-
oxidants are a type of radical trap, thereby eliminating their harmful
effects in human body [4].

Polyphenols in beer have anti-oxidative, anti-mutagenic, anti-car-
cinogenic, anti-microbial, anti-thrombotic, anti-inflammatory and im-
munomodulatory effects and they regulate blood pressure and blood
glucose. Polyphenolic antioxidants protect against arteriosclerosis
and enhance the resistance of LDL (Low Density Lipoprotein) aga-
inst oxidation. They cause blood-vessel relaxation and have anti-co-
agulative properties [4, 5].

Beer contains derivatives of benzoic and cinnamic acids, 4-hydro-
xyphenyl acetic acid, salicylic acid, vanillin, chlorogenic acid, diffe-
rent flavanoids and other substances [6, 7].

In the international co-operation between Research Institute of Bre-
wing and Malting (RIBM) and the Bulgarian partner, and in the fra-
mework of the Research Project MSM6019369701, the comparisons
of the contents of individual polyphenols in Czech beers and beers
available on the Bulgarian market were studied. The results were com-
pleted with analyses of foreign beers of Western European origin.

2 EXPERIMENTAL
2.1 Analytical methods

The identification and determination of the polyphenols of interest
was performed using a HPLC system with a binary gradient, equipped
with a high sensitivity CoulArray detector with eight graphite elec-
trodes in an ascending row with set potentials of 250, 300, 400, 500,
600, 700, 800 and 900 mV. Electrochemically active substances are
eluted on a chromatographic column and then flow past the row of
electrodes. When they reach the characteristic potential for the indi-
vidual analyte they are oxidized. The resulting electric current re-
spectively the electric charge, which is proportional to the concen-
tration, was measured. The highest response (dominant peak) at each
set potential was used for both, the calibration and the identification
of the individual analytes with the corresponding retention time.

For the separation of the polyphenols the chromatographic column
Synergi Hydro-RP 240 x 4.0 mm with a 4 um film thickness was used.
The column temperature was 35 °C and an isocratic mobile phase
flow rate of 0.8 ml/min was applied. The mobile phase was composed
of ammonium acetate (5 mmol/l) and acetonitrile. All reagents were

Cas / Time (min) Mobilni faze A / Mobile phase A (%) Mobilni faze B / Mobile phase B (%)
0-5 100 0
5-18 100-87 0-13
18-77 87-79 13-21
77-120 79-5 21-95
120-125 5-0 95-100
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Tab. 2 Charakteristika jednotlivych skupin lezakl z hlediska vybranych parametrli / Characteristics of individual groups of lager beers

in terms of chosen parameters

Tuzemské lezaky Bulharské lezaky Zahranicni lezaky
Domestic lagers Bulgarian lagers Foreign lagers
Rozdil prokvaseni 6.5 1.3 0.8
Attenuation difference (%)
Barva (j. EBC) 11.9 8.5 8.9
Colour (EBC units)
Horké latky (j. EBC) 27.2 23.9 23.3
Bitter substances (EBC units)
pH 4.52 4.33 4.40
Polyfenoly / Polyphenols (mg/l) 152 120 104
Diacetyl / Diacetyl (ug/l) 60 73 28

Analyza byla ukonéena v 125. minuté. Od 126 do 127 min probéhlo
elektrochemické &isténi cel pfi 100 % B. Od 127 do 145 min byla ko-
lona ekvilibrovana fazi A (100 %).

Chemické rozbory piv véetné analyzy celkovych polyfenold, ant-
hokyanogenu a flavanoidll byly provedeny podle Analytiky EBC [8].

2.2 Pouzité vzorky piv
Ke stanoveni jednoduchych polyfenolovych latek bylo pouzito cel-

kem 16 tuzemskych lezaku, 12 tuzemskych vy&epnich piv, 5 bulhar-
skych vy€epnich piv, 6 bulharskych lezaku a 12 zahrani¢nich lezaka

of analytical reagent grade quality unless otherwise specified. The
mobile phase A contained 5% of acetonitrile. The mobile phase B
contained 50% of acetonitrile. Both phases have pH 3 adjusted with
formic acid. The sample size was 10 ml of degassed beer diluted with
the mobile phase A in the proportion 1 : 1.

For the analysis a mobile phase gradient was used (Tab. 7).

The analysis was terminated after 125 minutes. Then from 126 to
127 minutes the electrochemical cells were cleaned with mobile
phase B (100%). Afterwards, from 127 to 145 minute the column was
equilibrated with mobile phase A (100%).

All chemical beer analyses including the determination of total po-

Tab. 3 Obsah jednoduchych polyfenoll v ¢eskych, bulharskych a jinych zahraniénich pivech / The content of simple polyphenols

in Czech, Bulgarian and others foreign beers

Polyfenolova latka / Tuzemskeé lezdky / | Zahranicni lezaky / | Bulharskeé lezaky / | Tuzemské vycepni | Bulharské vyéepni
Polyphenolic compound Domestic lager Foreign lager Bulgarian lager pivo/ Domestic pivo/ Bulgarian
(mg/l) beers beers beers draft beers draft beers
Gallova kyselina 0.104 0.052 0.076 0.106 0.119
Gallic acid

Protokatechova kyselina 0.170 0.118 0.106 0.116 0.108
Protocatechuic acid

p-Hydroxybenzoova kyselina 6.15 7.64 22.28 7.66 21.25
p-Hydroxybenzoic acid

4-Hydroxyfenyloctova kyselina 1.04 0.48 0.24 0.51 0.41
4-Hydoxyphenylacetic acid

Katechin / Catechin 1.50 1.41 1.72 1.72 1.49
Chlorogenova kyselina 0.212 0.113 0.093 0.191 0.199
Chlorogenic acid

Kavova kyselina 0.153 0.063 0.151 0.150 0.179
Caffeic acid

Syringova kyselina 0.154 0.120 0.189 0.152 0.190
Syringic acid

Epikatechin 0.425 0.270 0.330 0.463 0.362
Epicatechin

Vanilova kyselina 0.921 0.544 0.872 0.568 0.996
Vanillic acid

Vanilin / Vanillin 0.030 0.050 0.030 0.142 0.048
p-Kumarova kyselina 0.987 0.421 0.842 0.686 0.819
p-Coumaric acid

Umbeliferon 0.267 0.269 0.246 0.344 0.863
Umbelliferone

Skopoletin / Scopoletin 0.446 0.318 0.319 0.234 0.324
Ferulova kyselina 3.75 1.65 2.66 2.75 2.77
Ferulic acid

Sinapova kyselina 0.603 0.321 0.546 0.566 0.402
Sinapic acid

Rutin / Rutin 1.254 0.719 0.159 0.606 0.324
4-Hydroxykumarin 9.85 3.14 2.84 - -
4-Hydroxycoumarin

Naringin / Naringin 3.88 3.63 414 4.62 2.67
Myricetin / Myricetin 0.148 0.150 0.044 0.388 0.089
Kvercetin / Quercetin 0.104 0.188 0.052 0.108 0.051
Apigenin / Apigenin 1.37 0.56 0.36 0.73 0.32
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zapadni provenience. Piva byla vybrana tak, aby zahrnovala repre-
zentativni vzorek dané kategorie.

3 VYSLEDKY A DISKUSE
3. 1 Charakteristika bulharskych piv

U v8ech vybranych piv byl proveden zékladni chemicky rozbor, do-
sazitelné prokvaseni, barva, horké latky, pH, celkové polyfenoly a vi-
cindini diketony. Vzhledem k znaénému souboru ziskanych dat byly
pro piva typu lezak v jednotlivych kategoriich vypo&teny pro vybrané
parametry pramery (tab. 2).

Jak je z tab. 2 patrné, slozenibulharskych lezaku je spie podobné
zahraniénim lezakim nez ¢eskym, jak o tom svédéi nizky rozdil pro-
kvaSeni, nizka barva, hofké latky i barva a rovnéz nizsi obsah celko-
vych polyfenolu.

3.2 Obsah jednoduchych polyfenolovych latek
v dodanych pivech

Ve vSech dodanych pivech byly stanoveny jednoduché polyfeno-
lové latky. Vzhledem ke znaénému rozsahu byly vysledky pro jedno-
tlivé kategorie piv zprimérovany (tab. 3).

Lze konstatovat, Zze ve vétSiné jednoduchych polyfenoll neexistuji
velké rozdily mezi jednotlivymi typy piv. Vyjimkou je napf. vy$si hod-
nota hydroxykumarové kyseliny v bulharskych pivech; ddvodem muze
byt napf. specificka skladba surovin.

Pokud jde o porovnani nasich vysledk(l se zahraniéni literaturou
[11, 12], jsou vcelku v dobré shodé. Ponékud vysSi hodnoty oproti
nasim vysledkdm naméfili autofi [11] v pfipadé kyseliny gallové, chlo-
rogenove a protokatechové.

3.3 Vliv obsahu jednoduchych polyfenolt
na vysledek uzanénich metod stanoveni polyfenolovych latek

Aby bylo mozné posoudit, jak se projevi obsah jednoduchych po-

lyphenols, anthocyanogens and flavanoids were carried out accor-
ding to the EBC Analytica [8].

2.2 Beers studied

For the analyses of simple polyphenolic compounds a total of 16
domestic lager beers, 12 domestic draft beers, 5 Bulgarian draft be-
ers, 6 Bulgarian lager beers and 12 foreign lager beers from Wes-
tern Europe were used. The beers have been selected to include a
representative sample for each category.

3 RESULTS AND DISCUSSION
3.1 Characteristics of Bulgarian beers

All basic chemical beer analyses such as alcohol, original gravity,
attenuation limit, colour, content of bitter acids, pH, total polyphenols
and content of vicinal diketones were performed for beer samples
studied. The results given in Tab. 2 are the average values for some
significant parameters.

The composition of Bulgarian lager beers in terms of lower atte-
nuation difference, lower pH, colour and a lower content of bitter sub-
stances and polyphenols (as given in Table 2) show that they are
more similar to foreign lager beers than to Czech lager beers.

3.2 Content of simple polyphenolic compounds
in the beers studied

The simple polyphenolic compounds were determined for all the
beer samples. Because of the multitude of dates the results shown
in Tab. 3 were averaged for each beer category.

It could be noted that no big differences among the contents of the
majority of simple polyphenols were found except for higher values
of hydroxycoumaric acid in Bulgarian beers. This could possibly re-
sult from the specific composition of the raw materials.

Tab. 4 Vliv pfidavku vybranych jednoduchych polyfenolovych latek v mnozstvi 100 mg do | piva na vysledky uzanénich skupinovych metod /
The impact of a simple polyphenol when added to beer in a concentration of 100 mg/l on the results determined by means of conventional

group methods

Latka / Celkové polyfenoly / Anthokyanogeny / Flavanoidy /
Compound Total polyphenols Anthocyanogens Flavanoids
mg/I mg/I mg/I
Bez pfidavku polyfenoli / 144 371 11.8
Without polyphenol addition
1 | Gallova kyselina / Gallic acid 505* 36.4 11.7
2 | Vanilova kyselina / Vanillic acid 146 37.7 12.2
3 | Naringin / Naringin 148 39.2 12.1
4 | Eskulin / Esculin 146 37.7 11.9
5 | Ferulova kyselina / Ferulic acid 147 36.3 11.8
6 | 4-Hydroxybenzoova kyselina/ 147 36.7 11.9
4-Hydroxybenzoic acid
7 | 4-Hydroxykumarin / 144 35.3 11.8
4-Hydroxycoumarin
8 | Kvercetin / Quercetin 303 36.9 11.7
9 | Epikatechin / Epicatechin 328 38.2* 102.5°*
10 | Katechin / Catechin 333 36.5** 102.5***
11 | Kumarova kyselina / 146 36.9 12.0
Coumaric acid

Poznamky:

* latka ¢. 1 — celkové polyfenoly: barva ¢ervenohnéda, vyrazné zkreslujici, pfi aplikaci niz§iho pridavku gallové kyseliny do piva se zbarveni
progresivné zvy$uje (pfidavek 50 mg/l: odpovida 449 mg/l celkovych polyfenold, pridavek 25 mg/l: odpovida 367 mg/l celkovych polyfenold)
** latky ¢. 9 a 10 — anthokyanogeny: neodpovidajici medové riZzova barva

*** latky ¢. . 9 a 10 — flavanoidy: vzorek musel byt nafedén 5 x, absorbance nefedéného vzorku byla pfili§ vysoka

Notes:

*Compound No. 1 - total polyphenols: red-brown colour, greatly distorting, with the application of lower addition levels of gallic acid the co-
louration of beer increases progressively (addition of 50 mg/l corresponds to 449 mg/l of total polyphenols; addition of 25 mg/| corresponds

to 367 mg/l of total polyphenols)

** Compounds No. 9 and 10 - anthocyanogens: inadequate honey pink colour
*** Compounds No. 9 and 10 - flavanoids: the sample had to be diluted 5 times, due to too high absorbance of the undiluted sample.
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Studium jednoduchych polyfenolovych latek v pivech rizné provenience

lyfenolovych latek ve vysledku béznych uzanénich metod, byl prove-
den nasledujici pokus. Bylo vybrano celkem 11 typickych jednodu-
chych polyfenoll, které byly pfidany v mnoZstvi 100 mg/l do piva,
a v téchto vzorcich byly stanoveny celkové polyfenoly, anthokyano-
geny a flavanoly. Vysledky jsou uvedeny v tab. 4.

Z tabulky je patrné, Zze nékteré jednoduché polyfenoly pfitomné
v pivu mohou ovlivnit vysledky uzanénich skupinovych metod, ale ne
nijak vyznamné. Napf. gallova kyselina se silné zbarvuje pfidanym
¢inidlem pfi stanoveni celkovych polyfenoll, vzhledem k jejimu niz-
kému mnozstvi v pivu (kolem 0,1 mg/l) se to v jejim obsahu témér
neprojevi. ZvySeni obsahu flavanoidl v pfipadé katechinu a epikate-
chinu je logické, nebot pravé katechin slouzi jako standard této me-
tody. Obsah anthokyanogend nebyl vyznamné ovlivnén zadnou
z téchto latek.

4 ZAVER

V prvni ¢asti prace bylo zjisténo, Ze slozeni bulharskych lezaku je
spiSe podobné zahrani¢nim lezakim nez Eeskym, jak o tom sveéd¢i
nizky rozdil prokvaseni, nizka barva, horké latky i barva a rovnéz nizsi
obsah celkovych polyfenolt. Z toho vyplyva, Ze i z tohoto hlediska je
slozeni ¢eského piva vyjimecné.

V dalsi ¢asti prace byla vénovana pozornost obsahu jednoduchych
polyfenoll. Ten v riznych typech piv zna¢né kolisa a zatim nebyl na-
lezen Zadny vztah napf. ke stupnovitosti, obsahu celkovych polyfe-
nold, anthokyanogenu atd. Je to zfejmé zpusobeno tim, Ze hladina
téchto jednoduchych polyfenoll je zna¢né ovlivnéna skladbou suro-
vin, varnim postupem a pravdépodobné také stabilizaénim postupem.

Daéle bylo zjisténo, ze vysledky skupinovych metod stanoveni cel-
kovych polyfenoll, anthokyanogent a flavanoidd nejsou ovlivnény
prfitomnosti téchto jednoduchych fenolickych slou¢enin nebo jen v za-
nedbatelné mife, a to vzhledem k nizké koncentraci téchto latek
Vv pivu.
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3.3 The impact of simple polyphenols on the results obtained
by using conventional methods for the determination
of polyphenolic compounds

To assess the impact of simple polyphenol compounds on the de-
termination of the total polyphenols by means of conventional meth-
ods the following experiment was performed.

A total of 11 representative simple polyphenols was chosen and
then added to beer up to a final concentration of 100 mg/l. In these
beer samples total polyphenols, anthocyanogens, and flavanoids
were determined. The results are given in the Tab. 4.

The results given in the Tab. 4 show that some simple polyphenols
present in beer influence the results determined by means of con-
ventional group methods, but not significantly. For example gallic acid
strongly stains the reagent added during the determination of total
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determination of anthocyanogens wasn't significantly influenced by
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4 CONCLUSION

In the first part of this study it was demonstrated that the compo-
sition of Bulgarian lager beers resemble more foreign lager beers
than Czech lager beers as evident from colour, the lower attenuation
difference, content of bitter compounds and total polyphenols. Obvi-
ously the composition of Czech beer is unique.

The following part of the study shows the contents of simple po-
lyphenols. The content of simple polyphenols in beers varies consi-
derably. Up to now no relationship such as to the degree of attenua-
tion, the content of total polyphenols or the content of anthocyanogens
was found. The probable explanation is that the content of these sim-
ple polyphenols is considerably influenced by the composition of raw
materials, the brewing method and apparently also by the stabiliza-
tion method.

Furthermore it was proven that the results of the determinations
according to conventional group methods for total polyphenols, ant-
hocyanogens and flavanoids are not, or only negligibly influenced by
the presence of simple polyphenols due to their low concentrations
in beer.
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