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Moderni extrakéni technika PSE (Pressurized Solvent Extraction) — tlakova extrakce rozpoustédlem ve spojeni s HPLC s vysoce cit-
livym elektrochemickym detektorem CoulArray — predstavuje pokrok v analyze polyfenold v pivovarskych surovinach. Simulaci extraké-
niho procesu chmelovaru nebo rmutovani by bylo metodou PSE mozné realizovat pomoci ,markerQ*, které se obéma postupy extrahuji
prakticky stejné. Metoda PSE pro zhodnoceni totélniho obsahu jednotlivych polyfenold ve sladu i chmelu je vhodnéjsi. Variabilita ex-
trakénich podminek umoznuje snadno najit podminky pro maximalni vytéznost. Pro vétSinu sledovanych polyfenolt pfi tlaku 150 bar byla
nejucinnéjsi teplota 140 °C, avSak pro nejvice zastoupenou kyselinu ferulovou (ve sladu i v nejvyssich koncentracich) se jevi jako vhod-
néjsi teplota 40 °C ve sladu i chmelu.

Jurkova, M. — Kellner, V. — Culik, J. — Horak, T. — Cejka, P. — Karasek, P.: Analysis of polyphenols in brewing raw materials by PSE
(Pressurized Solvent Extraction) — and by HPLC method with CoulArray detection. Kvasny Prum. 56, 2010, No.1, p. 18-23.

The modern extraction technique PSE (Pressurized Solvent Extraction) — pressure solvent extraction coupled with HPLC with high
sensitive electrochemical detector CoulArray — presents the progress in the analytics of polyphenols in brewer’s raw materials. It could
be simulated extraction processes malting and hop boiling by method PSE by force of “markers” which are extracted in both extraction
procedures practically equally. The PSE method is better to estimation of entire content of polyphenols in malt and hops. The variability
of extraction process enables to find the optimal extraction conditions for maximal yields. The most efficient temperature for the major-
ity of the polyphenols studied by pressure 150 bar was 140 °C, but for the most frequently found ferulic acid (in malt also in the highest
concentrations) more suitable temperature is 40 °C in malt and hops.

Jurkova, M. — Kellner, V. — Culik, J. — Horak, T. — Cejka, P. — Karasek, P.: Mittels einer Ausnutzung von PSE (Pressurized Solvent
Extraction = Druck-fliissig-Extraktion) mit dem Lésungsmittel und Methode HPLC mit der CoulArray Detektion. Kvasny Prum.
56, 2010, Nr. 1, S. 18-23.

Moderne Methode PSE (Pressurized Solvent Extraction), eine Druck — flissig-Extraktion mit einem Lésungsmittel in Verbindung HPLC
mit hochempfindlichen elektrochemischen Detektor CoulArray stellt ein Fortschritt in Analyse von Polyphenolen in den Braurohstoffen
dar. Durch die Methode PSE wére es mdglich, eine Simulation eines Extraktionsverfahrens des Hopfenkochens oder Maischens mittels
sMarkers® zu realisieren, weil die beiden Verfahren praktisch auf die gleiche Weise extrahieren. Die Methode der Bestimmung des To-
talgehalts von einzelnen Polyphenolen im Malz und in Hopfen ist jedoch zweckméaBiger. Die Variabilitat von den Extraktionsbedingun-
gen ermdglicht die Bedingungen fir die maximale Ausbeute leicht zu finden. Fir die meistens verfolgten Polyphenole unter dem Druck
von den 150 Baren wurde als die effektivste Temperatur 140 °C, jedoch fir die meist vertretene Ferulasaure (im Malz auch in den héch-

sten Konzentrationen) kommt als eine geeignetere Temperatur 40 °C im Malz und Hopfen vor.

Kliéova slova: polyfenoly, tlakova extrakce (PSE), CoulArray detek-
tor, HPLC, slad, chmel

1 UVOD

Pivovarské suroviny chmel a slad jsou cennym zdrojem polyfeno-
lickych slou€enin, jejichz antioxidacni vlastnosti jsou jiz fadou studii
prokazany. Polyfenoly v pivu zpomaluji jeho starnuti, pfi jeho konzu-
maci polyfenoly plsobi pfiznivé na lidsky organismus zapojovanim
do antioxida¢nich procesu.

Z pivovarského hlediska je dulezita znalost sloZzeni a zastoupeni
jednotlivych polyfenold ve vstupnich surovinach a jejich skute¢ny po-
dil, ktery do piva prejde.

Z dlivodu ziskani vysledku co nejvérnéji popisujicich skute¢ny pfis-
pévek polyfenolll ze sladd do piva je extrakéni proces totozny s pfi-
pravou kongresni sladiny, v niz se polyfenoly dale analyzuiji. Polyfe-
noly pochézejici zchmele jsou z téhoz dlivodu analyzovany ve vodnim
vyluhu po chmelovaru.

Tyto extrakéni procesy jsou vSak ¢asové naroéné a neposkytuji sku-
te€ny obraz zastoupeni jednotlivych polyfenolickych slozek v matrici
sladu nebo chmele. Pfimé extrakéni metody polyfenolt do organic-
kych rozpoustédel jsou také experimentalné naro¢né, ale naopak ne-
poskytujiinformaci, jaké bude jejich slozeniv pivu v zavislosti na tech-
nologickém procesu.

Extrakéni metoda PSE muze vyuzivat k extrakci vodu nebo vodu
modifikovanou organickym rozpoustédlem. Kombinaci extrakénich
teplot a tlaku Ize ovlivnit extrakéni stupen, od ¢aste¢ného vyextraho-

Keywords: polyphenols, pressurized solvent extraction (PSE),
CoulArray detector, HPLC, malt, hops

1 INTRODUCTION

The brewer’s raw materials hops and malt are rich sources of
polyphenolic compounds which antioxidative qualities were validated
in many papers and experiments. Polyphenols inhibit beer ageing.
Polyphenols of beer favourably influence human health and they are
responsible for antioxidative processes in human body.

The composition of polyphenols in malt and hops and their content
in beer is very important from brewing point of view. We can evaluate
the real contribution of polyphenols from malt and hops by extraction
methods realised by mashing (unhopped wort) and by extraction of
hops to hot water. These extraction processes for analytical purposes
are very time consuming and they do not give right information about
real concentrations of polyphenols in raw materials.

The new extraction technique the PSE can use water or water
slightly modified by organic solvent to extraction with combination of
pressures and temperatures. This extraction process is very easy and
quick, less expensive and more ecology due to little consumption of
organic solvents. The choice of extraction conditions can influence
an effectiveness of this process. There is a question about a simula-
tion of real brewing extraction of malt and hops by PSE technique. In
contrast to the classical extractions the PSE conditions for totally ex-
traction can obtain results which can be used also in other areas of
processing of these raw materials.
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vani matrice, az po jeji Uplné vyextrahovani. Extrakce je velmi rychla,
s malymi naroky na organicka rozpoustédla, extrakce jsou cenové
méné nakladné a odpadé problém s likvidaci organickych rozpou-
Stédel.

Nabizi se proto otazka, zda Ize diky variabilnosti systému najit si-
mulaci extrakci varniho procesu nebo rmutovani. Naopak informace
o slozeni suroviny pfi jejim totalnim vyextrahovani mohou byt cennou
informaci i pro jiné oblasti zpracovani chmele a sladu.

Extrakéni technika PSE neni dosud pfilis rozSifena a pouziva se ze-
jména v oblasti analyzy kontaminantd v rostlinnych materialech [1]
a potravinach [2,3]. Uziti vysokych teplot a tlakd vede k vyS$§im vy-
téZnostem, nez poskytuiji klasické extrakénitechniky [4]. Uspésné pou-
ziti PSE techniky bylo realizovano v oblasti extrakci isoflavonoidd [5].

V této studii byly extrahovany polyfenoly ze sladu a chmele pfi tlaku
150 bar a byla sledovana extrakéni u¢innost v zavislosti na extrakéni
teploté v rozsahu 40-140 °C. Polyfenoly byly analyzovany metodou
HPLC s CoulArray detekci [6]. Ziskané vysledky byly porovnavany
s hodnotami koncentraci polyfenolll stanovenych ve chmelovém ex-
traktu po chmelovaru a ve sladovém extraktu po rmutovani.

2 EXPERIMENTALNI CAST
2.1 Material a metody

2.1.1 Chemikalie

Kyselina gallova, kyselina 3,4-dihydroxybenzoova, kyselina 2,6-di-
hydroxybenzoova, kyselina p-hydroxybenzoova, eskulin, kyselina 4-
hydroxyfenyloctova, kyselina vanilova, kyselina chlorogenova, (+)-ka-
techin, kyselina kévova, kyselina p-kumarova, kyseliny syringova,
vanilin, umbelliferon,(-)-epikatechin, skopoletin, ferulova kyselina, si-
napova kyselina, 4-hydroxykumarin, rutin, naringin, myricetin, kver-
cetin, apigenin, biochanin A, daidzein, genistein, formononetin
(Fluka).

Acetonitril pro gradient (Merck), voda pro HPLC (Millipore, USA),
octan amonny, kyselina mravenc¢i, methanol pro gradient (Merck).

2.1.2 Extrahovany material
_ Extrakeni pokusy byly provadény se sladem Prestige a chmelem
Zateckym poloranym Cervenakem.

2.1.3 Priprava vzorku

Pro extrakce polyfenold byl pouZit OnePSE automatizovany ex-
traktor (Applied Separations Inc., USA). Extrakce probihala za tlaku
150 bar pfi teplotach 40, 60, 80, 100, 120 a 140 °C v ocelovych ex-
trakénich patronach. 1,5 g (vazeni s pfesnosti 0,1 mg) rozemletého
vzorku bylo smichano s inertnim materialem balotinou a naplnéno do
extrakénicely. K extrakci byla pouzita voda pro HPLC (Millipore, USA),
extrakéni cyklus probéhl tfikrat. Extrakéni cela byla mezi cykly a na
konci extrakce vymyta dusikem. Ziskané extrakty byly jimany do 50 ml
odmérek a doplnény po rysku mobilni fazi A pro HPLC analyzu. Pre-
hled extrakénich podminek podava tab. 1.

Vedle tlakovych extrakci byly provedeny srovnavaci extrakce jak
pro slad, tak pro chmel.

Klasicka extrakce pro slad: 50 g sladu bylo extrahovano do vody
formou sladiny. Sladina byla vyvazena do 450 g vodou.

Klasicka extrakce chmele: 1,25 g namletého chmele bylo vafeno
pod zpétnym chladi¢em 30 minut. Horky extrakt byl filtrovan pres skla-
dany filtr a doplnén do 250 ml vodou.

The extraction technique PSE is not widespread too and is used
for analyses of contaminants in plants materials [1] and foods [2, 3].
Using of high temperatures and pressures produce higher recover-
ies in comparison to classical extraction techniques [4]. The PSE was
used successfully in area extraction of isoflavonoids [5].

There were extracted polyphenols of malt and hops by conditions of
150 bar and in the temperature rage 40—140 °C in this study and the
recoveries of individual polyphenols were studied as a function of tem-
perature. Polyphenols were analysed by HPLC method with CoulArray
detection [6]. The obtained results from PSE were compared with re-
sults of unhopped wort and extraction of hops to hot water.

2 EXPERIMENTAL
2.1 Material and methods

2.1.1 Chemicals

Gallic acid, Protocatechuic acid, Gentisic acid, Esculin, p-Hydroxy-
benzoic acid, 4-Hydroxyphenylacetic acid, (+)-Catechin, Chlorogenic
acid, Vanillic acid, Caffeic acid, Syringic acid, (-)-Epicatechin, Vanilin,
p-Coumaric acid, Umbelliferone, Scopoletin, Ferrulic acid, Sinapinic
acid, Rutin, Naringin, Myricetin, 4-Hydroxycoumarin, Daidzein,
Quercetin, Genistein, Apigenin, Formononetin, Biochanin A (Fluka).

Acetonitrile gradient grade (Merck), water HPLC (Millipore, U.S.A.),
ammonium acetate, formic acid, methanol gradient grade (Merck).

2.1.2 Extracted raw materials
The extraction experiments were performed with malt Prestige and
with Czech hops ZPC

2.1.3 Sample preparation

The OnePSE automated extractor (Applied Separations Inc.,
U.S.A.) was used to extractions.

The extraction conditions were: 150 bar and 40, 60, 80, 90, 100,
120 and 140 °C in turn in steel extraction cartridges. 1.5 g (weighted
with accuracy to 0.1 mg) of milled sample was mixed with inert bal-
lotina and filled into extraction cartridge. The HPLC water (Millipore)
was used to extraction, every extraction cycle repeated three times.
The extraction cartridge was washed by nitrogen between two cy-
cles. The obtained extracts were collected into 50 ml beakers and
filled by mobile phase A. All extraction conditions of PSE gives Tab. 1.

There were performed comparative classical extractions:

Extraction of malt: 50 g of malt were extracted by water as a wort
completed by water to weight 450 g.

Extraction of hops: 1.25 g of milled hops was boiled in 200 m| wa-
ter (Millipore) under reverse cooler for 30 minutes. The hot extract
was filtered through folded filter, cooled and filled to 250 ml by wa-
ter.

Both hops and malt extracts were diluted by mobile phase A in rate
1:1.

2.1.4 HPLC chromatography

Apparatus for HPLC consists of the solvent delivery module model
582 (ESA, U.S.A), autosampler model 542 (ESA, U.S.A) with 100 pl
sample loop and CoulArray detector model 5600A (ESA, U.S.A) with
eight electrochemical cells in series consisting of porous graphite
electrodes and palladium reference electrode and platinium counter
electrode.

Tab. 1 PSE podminky pro slad a chmel / PSE conditions of malt and hops

Pocet cyklt / Number of cycles 3

Trvani cyklu / Time of cycle 10 min

Teplota / Temperature

40, 60, 80, 100, 120, 140 °C postupné / in turn

Mod / Mode A

Tlak / Pressure 150 bar

Hmotnost vzorku / Weight of sample 15¢9

Inertni material / Inert material

Ballotina 7 (570-700 um)

Rozpoustédlo / Solvent

Ultracista voda, odplynéna He / Ultraclean water degassing by He

Objem extrakéni patrony / Volume of extraction cartridge |11 ml

Vymyvani rozpoustédlem / Solvent washing

30 s, 9 ml/min

Vymyti dusikem / Nitrogen gas washing

1 minuta mezi cykly a 3 minuty na konci /
1 minute between cycles and 3 minutes in the end
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Sladovy i chmelovy extrakt byly vzdy zfedény mobilni fazi A v po-
méru 1:1.

2.1.4 HPLC chromatografie

Polyfenolické vzorky byly analyzovany metodou HPLC s elektro-
chemickou detekci.

Systém se skladal ze 2 Cerpadel model 582, davkovace model
542 a CoulArray detektorem model 5600 A (ESA Inc., USA). Elekt-
rochemicky detektor CoulArray je vybaven osmi elektrochemickymi
celami z porézniho grafitu, sefazenymi za sebou, paladiovou refe-
ren¢ni elektrodou a platinovou pracovni elektrodou. Jedna se o de-
tektor destruktivni, nebot analyt prochazi fadou elektrod s postupné
vzrlstajicim vlozenym potencialem a pfi potencidlu charakterizuji-
cim obtiznost/snadnost oxidace v systému je kompletné zoxidovan.

Analyty byly separovany na koloné Synergi-Hydro RP 3,0x150 mm,
zrnéni 4um (Phenomenex, USA).

Separacni podminky: Vzhledem k velké odliSnosti polarity extra-
hovanych polyfenolt byly vzorky extraktll postupné analyzovany
dvéma HPLC metodami, s odliSnym elu¢nim binarnim gradientem
acetonitrilu s pritokem 0,8 ml/min a teploté kolony 35 °C. Mobilni faze
byla tvofena 0,005 M octanem amonnym (slozka A) a acetonitrilem
(slozka B), pH bylo adjustovano na hodnotu 3,0 kyselinou mravenci.

Pro polarngjsi volné polyfenolické kyseliny, katechin, epikatechin
a kumarin (obr. 1) byly pouzity mobilni faze A (5 % ACN) a faze B (50
% ACN) s gradientem: 0—10 min. 0 % B, 10-18 min. 0-8 % B, 1840
min. 8-10 % B, 40-77 min. 10-21 % B, 77-90 min. 21-52 % B. Po
analyze byla kolona po dobu 10 minut promyvana 100% fazi B a po
15 min ekvilibrace kolony byl nastfiknut dal§i vzorek (chromatogra-
fickd metoda ).

Pro méné poléarni flavonoidy a isoflavonoidy (obr. 2) byly pouzity
mobilni faze A (14 % ACN), faze B (50 % ACN) s gradientem: 0-30
min. 0-57 % B, 30-50 min. 57 % B, 50—70 min. 100 % B, 70-80 min.
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Obr. 1 / Chromatogram standard( (1 mg /1), metoda | / Fig. 1 Chro-
matogram of standards (1 mg /L), method |
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Analytes were separated on Synergi — Hydro RP column, 3.0 x
150mm, 4.0 um particle size (Phenomenex, U.S.A).

Chromatographic methods: Two chromatographic methods were
generated. Mobile phases consist of buffer (0.005M ammonium ac-
etate) and acetonitrile, pH of all phases was adjusted to 3.0 with
formic acid.

I. Method with using phase A with 5% content of acetonitrile and
phase B with content 50% acetonitrile. Gradient:0-10 min. at 0 %
B,10-18 min. 0-8% B, 18—-40 min. 8-10 % B, 40-77 min.10-21 %
B, 77-90 min. 21-52 % B. After stop run analysis in 90 min. the
column was washed 10 minutes with 100 % phase B. Equilibrium
time was 15 minutes. Using this method made possible to analyse
more polar compounds as free polyphenolic acids and catechin,
epicatechin and coumarin and its derivatives. Flow was 0.8 ml/min,
column temperature was 35 °C (Fig. 7).

II. Method with using phase A with 14.0 % content of acetonitrile and
phase B with 50 % content of acetonitrile. Gradient: 0—-30 min.
0-57 % B, 30—50 min. at 57 % B, 50-70 min. 57-100 % B, 70-80
min. at 100 % B. After stop run analysis in 80. min. the phase B
was maintained on 100 % B two minutes and from 82. to 83. min.
changed to 100 % A. Flow was 0.8 ml/min, column temperature
was 35 °C.

Equilibrium time was 17 minutes. This method was useful for less
polar flavonoids and isoflavonoids (Fig. 2).

The eluted analytes from the column went through an array of elec-

trodes with potentials ordering in turn 250, 300, 400, 500, 600, 700,

800 and 900 mV. They were oxidized and corresponding currents

were measured as peaks on all potentials. The highest response

(dominant peak) was used for calibration and determination of each

analyte in its retention time.

2.1.5 Calibration standard

Mixed stock solutions were prepared about 10 mg weighted with
accuracy to 0.1 mg of each compound and dissolved in 100 ml
methanol. The stock solutions were stored at —4 °C for a maximum
of 3 months. The calibration standard solutions were prepared on four
concentration levels (1.0; 0.5; 0.1 and 0,01 mg/l) by diluting stock so-
lution in 100 ml beakers by phase A in both methods.

3 RESULTS AND DISCUSION
3.1 Malt

We found that extraction yields of only some polyphenols of malt
by PSE depend on extraction temperatures in all range of applied
temperatures by repeated experiments (Fig. 3) while most of other
polyphenols depend on extraction temperatures above temperature
120 °C (Fig. 4, 5).

The main marker of malt polyphenols, the ferulic acid, shows the
highest content in the group of monitored polyphenols and has the
yield maximum by lowest extraction temperature. The p-hydroxyben-
zooic acid shows the non-standard behaviour with two extraction max-
ima by 80 °C and 120 °C. The esculin achieved the extraction maxi-

Slad Prestige: chromatograficka metodal
Malt Prestige: chromatographic method |

mgl/kg

40 50 60 70 80 90 100 110 120 130 140
Teplota extrakce

Temperature of extraction

—— Ferulova kyselina/Ferulic acid

— —— — p-Hydroxybenzoova kyselina/p-Hydroxybenzoic acid
—— (+)-Katechin/(+)-Catechin
—+&8—(-)-Epikatechin/(-)-Epicatechin"

—@— Vanilin/Vanillin

—}¢— Chlorogenova kyselina/Chlorogenic acid

Obr. 2 / Chromatogram standardd (1 mg / I), metoda Il / Fig. 2 Chro-
matogram of standards (1 mg / L), method Il

Obr. 3 / Polyfenoly s vytéznosti extrakce zavislé na teploté / Fig. 3
Polyphenols with extraction yields dependent on temperature
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100 % B. Po skon&eni analyzy kolonou protékalo jesté 2 minuty 100 %
faze B, poté nasledovala ekvilibrace kolony 100 % fazi A po dobu 17
min (chromatografickd metoda ).

Polyfenoly opoustéjici kolonu byly detekovany pfi prichodu fadou
elektrod z porézniho grafitu v CoulArray detektoru. Na jednotlivych
elektrodach se vzestupné vlozenym potencialem 250, 300, 400, 500,
600, 700, 800 a 900 mV byl méfen odpovidajici proud a prosly naboj
vznikajici pfi oxidaci polyfenold na véech elektrodach a zaznamenan
jako eluéni zéna chromatogramu. Nejvy3si odezva (dominantni pik)
byla pouzita pro kalibraci a stanoveni kazdého analytu.

2.1.5 Kalibrac¢ni standard

Byl pfipraven smésny standard navazenim kolem 10 mg s pres-
nosti 0,1 mg kazdé slouc¢eniny do 100 ml odmérky a rozpusténim
v methanolu. Tento zasobni roztok byl uchovavan v mrazniéce pfi
—4 °C po dobu max. 3 mésict. Kalibraéni roztoky byly pak pfipraveny
na koncentraénich drovnich 1,0; 0,5; 0,1 a 0,01 mg/I fedénim zasob-
niho roztoku do 100 ml odmeérek fazi A pro oba separacni postupy.

3 VYSLEDKY A DISKUSE
3.1 Slad

Opakovanymi pokusy bylo zji§téno, Ze vytéznost extrakce PSE jen
u nékterych polyfenolll obsazenych ve sladu (obr. 3) zavisi na ex-
trakéni teploté v celém rozsahu aplikovanych teplot, zatimco u vét-
Siny sledovanych polyfenolll se vyraznéjsi teplotni zavislost extrakce
projevuje az od teploty 120 °C (obr. 4, 5).

Hlavni marker polyfenoll ve sladu, kyselina ferulova, ktera vyka-
zuje vzdy nejvy$si obsah ve skupiné sledovanych polyfenol, ma
Nestandardni chovani vykazuje téz kyselina p-hydroxybenzoova
s dvéma extrakénimi maximy pfi 80 °C a 120 °C. Obr. 4 a 5 demon-
struji chovani eskulinu, jehoz extrakéni maximum bylo dosazeno pfi
60 °C, a daidzeinu, jehoz extrakéni maximum odpovidalo teploté
80 °C. K uplnému vyextrahovani sledovanych polyfenol(i dochazi pfi
140 °C s vySe uvedenymi vyjimkami.

Prehledné vysledky extrakce ze sladu podava tab. 2. Hodnoty zjis-
ténych koncentraci ve sladu pfi pouzitych extrakénich teplotach jsou
porovnany s hodnotami nalezenymi ve sladu pfi pouzité extrakci rmu-
tovanim. Je zfejmé, ze jen u nékterych polyfenoll (4-hydroxyfeny-
loctova kyselina, (+) katechin, p-kumarova kyselina, ferulova kyse-
lina a rutin) Ize najit teplotni oblast tlakové extrakce, v niz se svymi
vysledky blizi vysledklim ziskanym pfi rmutovani. Pro screening kva-
lity sladu pro pivovarské ucely z hlediska obsahu polyfenolickych slou-
¢enin prechazejicich do piva by tento extrakéni postup mohl byt
vhodny, uvedené slouceniny by mohly byt povazovany za markery
extrakéniho procesu. Vysledky ale také naznacduji, ze skute¢ny ob-
sah polyfenolickych latek ve sladu mlize byt daleko vy$si (napf. kver-
cetin, kyselina chlorogenova a kavova), nez kolik jich je zjisténo po-
moci rmutovaciho procesu.

3.2 Chmel

Bylo zjisténo, Ze extrakéni vytéznost z matrice chmele je na ex-
trakéni teploté pfi PSE metodé v rozsahu teplot 40—100 °C nezavisla.
Hodnoty koncentraci jednotlivych polyfenolli ve chmelové matrici na-
lezené pomoci PSE pfi rGznych teplotach jsou uvedeny na obr. 6, 7

Slad Prestige: chromatograficka metoda |
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Obr. 4/ Polyfenoly bez zavislosti vytéznosti extrakce na teploté / Fig. 4
Polyphenols without temperature dependence of extraction yields

mum by 60 °C and the daidzein achieved the extraction maximum by
80°C (Fig. 4, 5). The totally extraction of polyphenols occured by
140 °C with mentioned exceptions.

The handlist of extraction yields gives the table 2. The obtained
concentrations by PSE at used temperatures are compared with con-
centrations found by mashing extraction. It is perceptible, that for only
some polyphenols (4-hydroxyphenylacetic acid, (+)-catechin, p-
coumaric acid, ferulic acid and rutin) we can find the temperature
area of PSE, where the extraction results are similar to results of
mashing extraction. The PSE could be used to malt quality screen-
ing in light of polyphenols content and these polyphenols could be
used as markers of extraction process. The results of PSE are in-
dicative of higher real content of polyphenols in malt (for example
quercetin, chlorogenic acid and caffeic acid) than is found by mash-
ing extraction.

3.2 Hops

It was found, that the extraction yields of polyphenols are inde-
pendent on the extraction temperatures in the range 40-100 °C. The
concentrations of polyphenols in hops found by PSE by different tem-
peratures can be seen in Fig. 6, 7 and 8. The comparison of these
values with those found by extraction of hops by hot water is stated
in tab. 3. We discovered the similar concentrations for p-hydroxyben-
zoic acid, (+)-catechin, chlorogenic acid, (-)-epicatechin by both ex-
traction methods, but higher yields were obtained by hot water ex-
traction. The yield of ferulic acid is higher by PSE again but the
difference from hot extraction is negligible. These polyphenols men-
tioned above could be considered as quality markers of hops with re-
gard to polyphenols. Tab. 3 gives the information about other polyphe-
nolic compounds found in hops. It is obvious, that it is possible to
extract other studied polyphenols by the PSE method in contrast to
the extraction into hot water. It was not possible to establish statisti-
cally significant correlation between results found by PSE and hot
water extraction. For example concentrations of myricetin and
quercetin in hops determined by hot water extraction were 408 and
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Tab. 2 Porovnani vysledk(i PSE extrakce a extrakce rmutovanim u sladu Prestige / Comparison of results from PSE and wort by malt Prestige

Teplota (°C) / Temperature (°C)
Slougeniny / Compounds 40 | 60 | 80 | 100 | 120 | 140 | Sladina/Wort
mg/kg ve sladu / mg/kg of malt

Gallové kyselina / Gallic acid ND ND ND ND ND ND ND
Protokatechova kyselina / Protocatechuic acid ND ND ND ND ND ND 0.67
Gentisova kyselina / Gentisic acid ND ND ND ND ND ND 0.97
Eskulin / Esculin ND | 6.86 | 15.33| ND ND ND 0.44
p-Hydroxybenzoova kyselina / p-Hydroxybenzoic acid 1515 | 16.73| 19.77| 9.02 | 39.08 | 20.48 0.24
4-hydroxyfenyloctova kyselina / 4-Hydroxyphenylacetic acid 354 | 333 | 214 | 112 | 211 | 2.79 3.29
(+)-Katechin / (+)-Catechin 6.67 | 6.28 | 12.16| 15.94 | 18.65 | 29.54 5.35
Chlorogenova kyselina / Chlorogenic acid 5.08 | 7.67 | 141 | 9.24 | 4.34 4 1.34
Vanilova kyselina / Vanillic acid 2.88 | 219 | 1.61 | 0.99 | 0.93 | 2.32 5.54
Kévova kyselina / Caffeic acid 2.98 | 0.99 | ND ND ND | 2.23 0.61
Syringova kyselina / Syringic acid ND ND | 1.28 | 0.57 0 1.84 3.13
(-)-Epikatechin / (-)-Epicatechin ND ND ND | 1.58 | 6.77 | 13.17 ND
Vanilin / Vanillin ND ND | 1.04 | 2.84 | 5.71 | 21.45 1.34
p-Kumarova kyselina / p-Coumaric acid 483 | 259 | 206 | 1.95 | 2.74 | 6.08 71
Umbeliferon / Umbelliferone ND ND ND ND | 2.33 | 8.71 1.38
Skopoletin / Scopoletin 953 | 321 | 1.73 | 0.99 | 225 | 6.55 1.1
Ferulova kyselina / Ferulic acid 31.95(1221| 6.09 | 5.71 | 7.66 | 22.49 42.3
Sinapova kyselina / Sinapinic acid 3.99 | 399 | 476 | 3.72 | 3.57 | 3.91 0.3
Rutin / Rutin 0.88 | 0.73 | 0.88 | 0.59 | 1.28 | 0.84 0.52
Naringin / Naringin 0 1.79 | 0.54 | ND ND | 31.62 ND
Myricetin / Myricetin ND ND ND | 3.86 | 18.26| 17.24 ND
4-Hydroxykumarin / 4-Hydroxycoumarin ND ND ND ND ND | 0.24 0.29
Daidzein / Daidzein 29 | 204 | 712 | 0.44 | 0.48 | 0.71 0.18
Kvercetin / Quercetin 782 | 812 | 813 | 793 | 8.16 | 8.24 0.2
Genistein / Genistein 2.88 | 2.89 | 2.98 | 2.87 0 3.61 0.14
Apigenin / Apigenin ND ND ND | 3.56 | 5.26 | 8.65 ND
Formononetin / Formononetin ND ND ND ND ND ND 0.95
Biochanin A / Biochanin A ND ND | 325 | ND ND | 2.32 0.11

ND — nedetekovano / ND — not detected

a 8. Porovnani s hodnotami zjiSténymi extrakénim postupem chme-
lovaru je v tab. 3. Pro p-hydroxybenzoovou kyselinu, (+)-katechin,
chlorogenovou kyselinu, (-)-epikatechin byla nalezena fadova shoda
stanovenych koncentraci ve chmelu pfi postupu PSE a postupu vod-
niho vyluhu do horké vody (= pfi chmelovaru), avSak vy$Si vytéznost
stanoveni byla zjisténa u vzorkd z chmelovaru. U ferulové kyseliny je
opét vytéznost pfi PSE extrakci vy$si, avSak nejedna se o vyrazny
rozdil. Tyto uvedené polyfenoly by opét mohly byt povazovany za mar-
kery kvality chmele pro pivovarské ucely vzhledem k obsahu polyfe-
nolG. Tabulka 3 dale pfehledné podava informaci o ostatnich polyfe-
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254.8 mg/kg respectively but by PSE method these compounds were
determined in concentrations only 12.55 and 4.10 mg/kg respectively
inthe same sample. Polyphenols vanillic acid, caffeic acid, p-coumaric
acid, umbelliferone and 4-hydroxycoumarin of hop sample were not
extracted by hot water. But by using PSE method these compounds
were found in concentration of units, tens and hundreds of mg/kg in
hops.
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Obr. 8 / Méné polarni polyfenoly ziskané PSE extrakci analyzované
chromatografickou metodou Il / Fig. 8 Less polar hop polyphenols
from PSE analysed by chromatographic method I
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Tab. 3 Porovnani vysledkl PSE extrakce a extrakce horkou vodou u vzorku chmele / Comparison of results from PSE and hot water of hops

sample
Teplota (°C) / Temperature (°C)
louéeniny / Compound: vodny extrakt (vyluh
ST G LI 40 | 60 | 80 | 100 | 120 | 140 7P extﬁa{:t )
mg/kg ve chmelu / mg/kg of hops

Gallova kyselina / Gallic acid 4.04 | 463 | 3.76 | 420 | 8.20 | 7.04 9.68
Protokatechova kyselina / Protocatechuic acid 526 | 559 | 565 | 5.32 | 7.57 | 4.04 11.16
Gentisova kyselina / Gentisic acid 169 | 203 | 1.70 | 1.45 | 153 | 1.31 0.00
Eskulin / Esculin 5.19 | 6.26 | 36.48 | 28.44 | 58.33 | 38.56 38.72
p-hydroxybenzoova kyselina / p-Hydroxybenzoic acid 203.91/199.88|213.88|190.87|205.90|198.48 261.60
4-hydroxyfenyloctova kyselina / 4-Hydroxyphenylacetic acid 108.98|113.41(128.12| 140.7 | 2.03 | 7.78 54.80
(+)-Katechin / (+)-Catechin 336.02|361.88|389.12/352.96|448.08(473.50 412.00
Chlorogenova kyselina / Chlorogenic acid 124.69|139.33|133.49(144.61|149.99|141.91 155.20
Vanilova kyselina / Vanillic acid 8.57 | 10.79| 11.66 | 10.97 | 13.08 | 14.24 0.00
Kévové kyselina / Caffeic acid 7.57 | 6.68 | 592 | 548 | 5.85 | 4.26 0.00
Syringova kyselina / Syringic acid 3.97 | 465 | 539 | 537 | 6.33 | 3.54 9.64
(-)- Epikatechin / (-)-Epicatechin 88.47|96.27 | 10.91 | 91.08 |119.78|147.81 107.20
Vanilin / Vanillin 12.04| 16.45| 19.92| 17.20| 16.78| 13.08 107.60
p-Kumarova kyselina / p-Coumaric acid 16.07| 8.83 | 7.99 | 4.25 | 14.07| 38.07 0.00
Umbeliferon / Umbelliferone 7.50 | 14.01|10.31| 9.33 | 9.34 | 7.69 0.00
Skopoletin / Scopoletin 1.87 | 3.70 | 4.69 | 450 | 4.24 | 255 29.08
Ferulova kyselina / Ferulic acid 14.47|15.49| 7.04 | 10.79| 12.68| 7.79 13.16
Sinapova kyselina / Sinapinic acid 45.98 | 43.52 | 45.74| 40.84 | 44.52 | 40.89 25.20
Rutin / Rutin 74.25|77.66 | 80.19 (109.86| 84.95 | 38.61 42.80
Naringin / Naringin 187.87|449.47|476.45|455.89|472.47|480.77, 828.00
Myricetin / Myricetin 12.55|12.85| 12.92| 12.55| 12.53 | 12.55 408.00
4-Hydroxykumarin / 4-Hydroxycoumarin 109.27| 49.58 | 62.26 | 65.21 | 74.59 | 99.61 ND
Daidzein / Daidzein 11.38 | 21.05| 32.50 | 33.90 | 48.93 | 57.74 0.00
Kvercetin / Quercetin 410 | 5.66 | 5.26 | 3.46 | 4.22 | 5.31 254.80
Genistein / Genistein 24.21]|29.52|26.70|22.20| 4.24 | 9.29 17.28
Apigenin / Apigenin 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00
Formononetin / Formononetin ND | 3.28 | ND | 9.06 | 54.56| 22.01 ND
Biochanin A / Biochanin A 9.27 | 575 | ND ND ND ND 28.00

ND — nedetekovano / ND — not detected

nolickych slou¢eninach nalezenych ve chmelu. Je ziejmé, ze meto-
dou PSE Ize vyextrahovat vSechny ostatni sledované polyfenolické
slou€eniny z chmele na rozdil od extrakce do horké vody. Nelze vS§ak
najit jednoznaény vztah mezi mnozstvimi nalezenymi PSE extrakci
a extrakci chmelovarem. Napfiklad myricetin a kvercetin byly stano-
veny postupem chmelovaru v koncentracich 408 resp. 254,8 mg/kg
ve chmelu, ale extrakéni metodou PSE byly tyto latky nalezeny pouze
v koncentracich 12,55 resp. 4,10 mg/kg chmele. Polyfenoly kyselina
vanilova, kyselina kavova, kyselina p-kumarova, umbeliferon a 4-hyd-
roxykumarin u daného chmele nebyly chmelovarem extrahovany, ale
metodou PSE byly nalezeny v koncentracich jednotek, desitek i sto-
vek mg/kg ve chmelu.
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