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Prace se zabyva sledovanim zmén obsahu ferulové kyseliny v fadé jeémen-slad-sladina. Bylo analyzovano 21 vzorkl odrlid je¢mene,
které pochazely ze 4 rozdilnych lokalit. Ferulova kyselina byla ze vzorkl je€émene a sladu po homogenizaci uvolnéna alkalickou hydro-
lyzou a extrakt byl po Uprave pH precistén pomoci SPE. Pro analytické stanoveni kyseliny ferulové v pivovarskych surovinach byla pou-
zita optimalizovana a validovana ultrarychla kapalinova chromatografie (UPLC-PDA). Obsah ferulové kyseliny v jeémeni se pohyboval
v rozmezi 639,0 az 1555,8 mg.kg™, ve sladu 1441,7 az 2174,6 mg.kg" a ve sladiné 3,91 az 9,09 mg.I".

Bélakova, S. — BeneSova, K. — Mikulikova, M. — Svoboda, Z.: Monitoring of changes of ferulic acid content in brewing materials
using the UPLC method with PDA detector. Kvasny Prum. 56, 2010, No. 6, p. 266—269.

This study focused on monitoring of the changes in ferulic acid content in the series barley — malt — wort. Twenty-one samples of bar-
ley varieties from four different localities were analyzed.

Alcalic hydrolysis was used to release ferulic acid from the homogenized barley and malt samples. After adjusting pH, the extract was
purified using the SPE.

The optimized and validated Ultra Performance Liquid Chromatography with PDA detector (UPLC — PDA) was used for the analytical
determination of ferulic acid in brewing materials. Ferulic acid content moved in the range of 639.0 to 1555.8 mg.kg' in barley, 1441.7
to 2174.6 mg.kg'in malt and 3.91 to 9.09 mg.I"! in wort.

Bélakova S. — BenesSova K. — Mikulikova, M. — Svoboda, Z.: Verfolgung der Gehaltsdnderung an Ferulasédure in den Brauroh-
stoffen durch die Methode UPLC mit der PDA Detektion. Kvasny Prum. 56, 2010, Nr. 6, S. 266—269.

Der Artikel befasst sich mit der Gehaltsdnderung an Ferulaséure in der Produktionsreihe Gerste — Malz — Wiirze. Es wurden 21 Ger-
stenmuster aus vier verschiedenen Lokalitdten analysiert. Nach einer Homogenisierung wurde durch die alkalische Hydrolyse die Fe-
rulaséure aus den Gersten- und Malzmustern freigestellt und der Extrakt nach der pH Wert Steuerung durch die SPE gereinigt. Fir die
analytische Bestimmung der Ferulasdure wurde eine optimalisierte und validierte Ultraschnellflissigkeitchromatographie (UPLC-PDA)
angewandt. Der Gehalt an Ferulasaure in der Gerste lag im Bereich von 639.0 bis zu 1555.8 mg.kg™, im Malz von 1 441.7 bis zu 2 174.6

mg.kg' und in der Wiirze von 3.91 bis zu 9.09 mg.I".
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1 UVOD

Rostlinné polyfenoly jsou amorfni latky, které jsou obsazeny v nej-
rliznéjsich ¢astech rostliny — v kufe, drevé, listech, plodech i kofenech.
Spole¢nym rysem polyfenolu je, Ze obsahuji jedno nebo vice aroma-
tickych jader substituovanych hydroxylovymi skupinami [1, 2]. Polyfe-
nolové latky, které jsou obsazeny v pivovarskych surovinach a v pivu,
se vyznamné uplatfiuji v procesu zajisténi a udrzeni kvality a stability
piva. Tyto latky diky svym antioxidacnim schopnostem ovlivriuji sen-
zorické vlastnosti a celkovou trvanlivost piva, hraji ddlezitou roli v tech-
nologii jeho vyroby a v kone¢ném stadiu pak pfispivaji k zdravotné po-
zitivnimu hodnoceni piva jako zdroje pfirodnich antioxidantd.

Polyfenoly vyskytujici se v pivovarnickém procesu lze rozdélit do
dvou velkych skupin. Do prvni skupiny patfi flavonoidy, které se déale
déli na flavany, antokyany a flavonoly. Druhou skupinu tvofi fenolické
kyseliny zahrnuijici derivaty benzoové kyseliny (salicylova kyselina,
gentisova kyselina, p-hydroxybenzoova kyselina, protokatechova ky-
selina, gallova kyselina, vanilova kyselina a syryngova kyselina) a de-
rivaty skoficové kyseliny (p-kumarova kyselina, kavova kyselina, fe-
rulova kyselina a sinapova kyselina) [1].

Ferulova kyselina (4-hydroxy-3-methoxyskoficovd) patfi mezi
hlavni vazané nizkomolekularni fenolové kyseliny v zrnu je€mene
a vyskytuje se pfedevsim v jeho vnéjSich vrstvach. V pribéhu slado-
vani se jeji obsah zvySuje az dvojnasobné. Velky vyznam ma antio-
xidacni aktivita ferulové kyseliny v jeCmeni a biochemickém procesu
vyroby piva. Spolu s ostatnimi polyfenolickymi latkami se podili na
stabilité a zachovani kvalitativnich znaku piva [1, 3].

Keywords: ferulic acid, UPLC-PDA, barley, malt, wort

1 INTRODUCTION

Plant polyphenols are amorphous substances that are spread in
various parts of plants — bark, wood, leaves, fruits and roots. Polyphe-
nols contain one or more aromatic nuclei with attached hydroxylated
groups [1, 2]. Polyphenol substances contained in brewing materials
and beer play an important role in the process of ensuring and main-
taining beer quality and stability. These substances, due to their an-
tioxidant properties, affect sensory characters and total beer shelf
life, they are significant in beer production technology and in a final
phase they contribute to a positive evaluation of beer as a source of
natural antioxidants.

Polyphenols occurring in the brewing process can be split into
two big groups. The first one comprises flavonoids which are fur-
ther classified into flavans, anthocyans and flavonols. The second
group is formed by phenolic acids comprising derivatives of ben-
zoic acid (salicylic, gentisic, p-hydroxybenzoic, protocatechuic, gal-
lic, vanillic, and syringic acids) and derivatives of cinnamic acid (p-
coumaric, caffeic, ferulic and sinapic acids) ) [1]. Ferulic acid
(4-hydroxy-3-methoxycinnamic) belongs to bound low-molecular
weight phenolic acids in a barley grain, it occurs especially in its
outer layers. During malting content of ferulic acid rises even twice.
Its antioxidant activity plays an important role in barley and bio-
chemical process of beer production. Together with other polyphe-
nolic substances it contributes to beer stability and helps maintain
beer quality characters [1, 3].



Sledovéni zmén obsahu ferulové kyseliny v pivovarskych surovinach metodou UPLC s PDA detekci

KVASNY PRUM.
ro¢. 56 / 2010 — ¢islo 6

267

2 EXPERIMENTALNI CAST

2.1 Chemikalie

Standard ferulové kyseliny, Cistota 99% (Fluka); hydroxid sodny,
(Merck); kyselina chlorovodikova (Sigma-Aldrich); kyselina fosfore¢na
(Fluka); dihydrogenfosfore¢nan sodny (Fluka); acetonitri CHROMA-
SOLV pro HPLC gradient grade (Sigma-Aldrich); methanol G CHRO-
MASOLYV gradient grade, ACS (Sigma-Aldrich).

2.2 Analyzované vzorky

Jecémen

Celkova ferulova kyselina byla stanovena v 21 odrddach jeémene
(Tolar, Jersey, Malz, Prestige, Diplom, Calgary, Bojos, Radegast, Se-
bastian, Braemar, Xanadu, Blanik, Poet, Westminster, Aksamit,
Spilka, Beatrix, Orthega, Bolina, Pribina, a Tocada) ze sklizné z roku
2006. Vzorky pochazely ze 4 péstebnich lokalit — Lednice, Vérovany,
Caslav a Hradec nad Svitavou.

Slad
Slady byly pfipraveny v mikrosladovné Sladafského Ustavu VUPS
v Brné obvyklym zplsobem dle metodiky EBC [5].

Sladina

Sladina byla pfipravena tzv. kongresnim postupem, coz je stan-
dardné provedeny infuzni rmutovaci postup s jemné rozemletym sla-
dem [5].

2.3 Priprava standardu

Byl pfipraven zasobni roztok standardu ferulové kyseliny o kon-
centraci 100 mg.I"" v methanolu. Roztok byl uchovavan v temnu pfi
5 °C a je stabilni po dobu 1 tydne. Byla pfipravena sedmibodova ka-
libraéni kfivka o koncentracich 0,5, 1, 2, 4, 6, 8, 10 mg.I"". Kalibra¢ni
kfivka byla linearni v daném rozsahu s regresnim koeficientem
0,9984.

2.4 Priprava vzorku

2.4.1 Jecmen, slad

K 1 g pomletého vzorku bylo pfidano 30 ml destilované vody. Po
homogenizaci byl vzorek hydrolyzovan 30 ml 2 mol.I"* hydroxidu sod-
ného a tfepan 1 hodinu na tfepacce. K extraktu bylo pfidano 5,2 ml
koncentrované kyseliny chlorovodikové a pH bylo upraveno pomoci
6 mol.I'" HCI na vyslednou hodnotu pH 3. Extrakt byl dopInén desti-
lovanou vodou na objem 100 ml. Poté byl pfeveden do centrifugacéni
zkumavky a odstfedovan pfi 4000 min-' po dobu 15 minut. 1 ml su-
pernatantu byl pfecistén pomoci SPE extrakce. Kolonka RP-102 Re-
sin byla pfed pouzitim kondicionovana 5 ml methanolu a poté 5 mi
deionizované vody. Na kolonku byl nanesen 1ml vzorku. Kolonka byla
promyta 5 ml vody. Nasledna eluce byla provedena 1,7 ml metha-
nolu. Precistény extrakt byl prefiltrovan pomoci teflonového mem-
branoveého filtru (0,2 ym) a preveden do vialky.

2.4.2 Sladina

1 ml supernatantu, ziskaného postupem dle 2.4.1., byl precistén
pomoci SPE extrakce. Kolonka RP-102 Resin byla pfed pouzitim kon-
dicionovana 5 ml methanolu a poté 5 ml deionizované vody. Na ko-
lonku byl nanesen 1 ml vzorku. Kolonka byla promyta 50 ml deioni-
zované vody. Nasledna eluce byla provedena 1,7 ml methanolu.
Precistény extrakt byl prefiltrovan pomoci teflonového membrano-
vého filtru (0,2 pm) a pfeveden do vialky.

2.5 Analyticka metoda

Pro analytické stanoveni celkové ferulové kyseliny v pivovarskych
surovinach (jeémen, slad, sladina) byl pouzit kapalinovy chromato-
graf UPLC WATERS ACQUITY WATERS 2996 s PDA detektorem.
Separace byla provedena na chromatografické koloné ACQUITY
UPLC BEH C18. (2,1 mm x 100 mm s velikosti ¢astic 1,7 pm) po-
moci gradientové eluce. Mobilni faze A byla 10 mmol.I"' fosfatovy
pufr upraveny kyselinou fosfore¢nou na pH 3, mobilni faze B byl
acetonitril. Separace byla provedena pfi 40 °C pfi pritoku
0,5 ml.min"'. Podminky gradientové eluce byly nasledujici: linearni
od 5 do 60% B od 0 do 0.8 min, 60% B od 2 do 2.2 min, linearni
od 60 do 5% B od 2.2 do 3 min. UV detekce byla pfi vinové délce
300 nm. Délka analyzy byla 5 minut. Opakovatelnost (repeatability)
stanoveni ferulové kyseliny byla <5 % RSD. Vytéznost SPE se po-
hybovala mezi 80—-90 %.

2 EXPERIMENTAL

2.1 Chemicals

Ferulic acid standard, purity 99% (Fluka); sodium hydroxide,
(Merck); hydrochloric acid (Sigma-Aldrich); phosphoric acid (Fluka);
sodium dihydrogen phosphate (Fluka); acetonitrile CHROMASOLV
for HPLC gradient grade, (Sigma-Aldrich); methanol G CHROMA-
SOLV gradient grade, ACS (Sigma-Aldrich).

2.2 Analyzed samples

Barley

Total ferulic acid was determined in samples of 21 barley varieties
(Tolar, Jersey, Malz, Prestige, Diplom, Calgary, Bojos, Radegast, Se-
bastian, Braemar, Xanadu, Blanik, Poet, Westminster, Aksamit,
Spilka, Beatrix, Orthega, Bolina, Pribina, and Tocada) from harvest
2006. The samples came from 4 growing localities — Lednice,
Vérovany, Caslav, and Hradec nad Svitavou.

Malt
Malts were prepared in the micromalting house of the Malting In-
stitute of the RIBM using the default EBC method [5].

Wort
Wort was prepared by a so-called congress method; it is a stan-
dard infusion mashing system with finely milled malt [5].

2.3 Standard preparation

The standard stock solution of ferulic acid was prepared (concen-
tration 100mg.I"" in methanol). The solution was kept in dark at 5 °C
and was stable for 1 week. Linear 7-point calibration curve at con-
centrations 0.5, 1, 2, 4, 6, 8, 10 mg.I"" was constructed. Calibration
curve was linear in the given scope with the regression coefficient
0.9984.

2.4 Sample preparation

2.4.1 Barley, malt

30 ml of distilled water were added to a ground sample (1g). After
homogenization the sample was hydrolyzed with 2 mol.I"" of natrium
hydroxide (30 ml) and shaken on a shaker for 1 hour. 5.2 ml of con-
centrated hydrochloric acid was added to the extract and pH was ad-
justed to 3 with 6 mol.I"* of HCI. Distilled water was added to the ex-
tract to a total volume of 100 ml. Subsequently, the extract was
transferred to a centrifugal tube and centrifuged at 4000 min* for 15
minutes. 1ml of supernatant was purified using the SPE. Before the
use, the RP-102 Resin column was conditioned with methanol (5ml)
and subsequently with deionized water (5ml). The sample (1ml) was
transferred to the column. The column was washed with 5 ml of wa-
ter. Following elution was carried with 1.7 ml of methanol. The puri-
fied extract was microfiltered through a teflon membrane filter (0.2 pm)
and transferred to a vial.

2.4.2 Wort

1 ml of supernatant, obtained following the procedure 2.4.1., was
purified with the SPE extraction. The RP-102 Resin column was be-
fore the use conditioned with methanol (5ml) and subsequently with
deionized water (5ml). The sample (1ml) was transferred to the col-
umn. The column was washed with 50 ml of deionized water. Fol-
lowing elution was carried with 1.7 ml of methanol. The purified ex-
tract was microfiltered through a teflon membrane filter (0.2 pm) and
transferred to a vial.

2.5 Analytical method

Liquid chromatograph UPLC WATERS ACQUITY WATERS 2996
with PDA detector was used for the analytical determination of total
ferulic acid in the brewing materials (barley, malt, wort). Separation
was performed on the chromatographic column ACQUITY UPLC BEH
C18. (2.1 mm x 100 mm, size of particles 1.7 ym) with gradient elu-
tion. Mobile phase A was 10 mmol.I"" of phosphate puffer acidified
with phosphoric acid to pH 3, mobile phase B was acetonitrile. Sep-
aration was performed at 40 °C at the flow rate of 0.5 ml.min-'. Con-
ditions of the gradient elution: linear from 5 to 60% B from 0 to 0.8
min, 60% B from 2 to 2.2 min, linear from 60 to 5% B from 2.2 to
3 min. The UV detection was carried out at the wavelength of 300
nm. The assay time was 5 minutes. Repeatability for ferulic acid was
<5 % RSD. SPE recovery varied between 80-90 %.
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3 VYSLEDKY A DISKUSE

Kalibraénikfivka pro stanoveni celkové ferulové kyseliny u pevnych
matric byla linearni v rozsahu 170,0 az 2550,0 mg.kg™" (koncentrace
ferulové kyseliny v realném vzorku), regresni koeficient byl 0,9981,
limit detekce 30 mg.kg™'. Kalibraéni kfivka pro stanoveni celkové fe-

3 RESULTS AND DISCUSSION

Calibration curve for the determination of total ferulic acid in solid
matrixes was linear in the range of 170 — 2550 mg.kg™ (concentra-
tion of ferulic acid in a real sample), regression coefficient with cor-
relation factor was 0.9981, detection limit 30 mg.kg'. Calibration

Tab.1 Obsah ferulové kyseliny v jeémeni, sladu a sladiné / Ferulic acid content in barley, malt and wort

SKLIZEN 2006 / HARVEST 2006
Lokalita / Locality LEDNICE Lokalita / Locality CASLAV
Odruda / Variety | Jeémen / Barley | Slad / Malt | Sladina / Wort| Odrada / Variety | Je€men / Barley | Slad / Malt | Sladina / Wort
mg.kg’ mg.kg’ mg.I" mg.kg™! mg.kg™! mg.I"
Tolar 905.6 1844.5 7.34 Tolar 977.4 1720.0 6.20
Jersey 826.6 1933.8 7.16 Jersey 890.5 1871.7 7.34
Malz 838.2 1644.8 6.44 Malz 800.3 1649.9 8.35
Prestige 1338.8 1694.6 719 Prestige 1141.9 1601.0 6.67
Diplom 864.2 1768.9 7.69 Diplom 1412.6 1751.9 8.14
Calgery 955.5 1826.7 5.84 Calgery 942.8 1680.2 7.83
Bojos 884.4 1683.5 6.13 Bojos 639.0 1445.6 6.14
Radegast 1112.0 1679.3 6.17 Radegast 714.1 1567.4 6.43
Sebastian 1268.1 1772.3 5.99 Sebastian 859.1 1556.9 8.19
Braemar 1330.7 1740.8 7.38 Braemar 798.6 1531.2 8.28
Xanadu 1254.5 1717.9 7.48 Xanadu 668.4 1581.4 6.66
Blanik 1555.8 1665.3 6.66 Blanik 992.0 1490.0 6.74
Poet 1040.1 2004.3 7.70 Poet 821.6 1607.6 6.26
Westminster 900.5 1895.5 6.23 Westminster 791.9 1793.4 8.96
Aksamit 1054.6 1910.0 4.53 Aksamit 7411 1554.6 6.04
Spilka 1033.7 2041.7 712 Spilka 938.8 1745.7 6.94
Beatrix 923.1 1792.7 6.74 Beatrix 813.1 1539.4 8.38
Orthega 1054.9 2101.2 3.91 Orthega 1031.5 1610.4 5.92
Bolina 1090.5 1944.0 9.09 Bolina 794.0 1528.0 6.95
Pribina 1324.3 1850.1 7.99 Pribina 867.6 1601.9 6.00
Tocada 871.6 1965.6 714 Tocada 1071.6 1774.4 5.85
Lokalita / Locality VEROVANY Lokalita / Locality HRADEC nad SVITAVOU
Tolar 917.3 2125.4 7.98 Tolar 1153.0 1997.9 6.32
Jersey 944.6 2174.6 5.72 Jersey 936.5 1931.2 6.11
Malz 830.0 1845.9 6.28 Malz 833.2 1825.8 6.79
Prestige 893.9 21741 4.48 Prestige 887.7 1643.1 6.92
Diplom 837.6 2065.8 6.60 Diplom 943.0 1759.5 7.55
Calgery 919.4 1696.9 5.36 Calgery 983.2 1635.4 6.04
Bojos 704.6 1643.1 4.74 Bojos 1293.7 1513.9 7.10
Radegast 737.1 1906.7 4.94 Radegast 868.0 1728.1 6.42
Sebastian 839.2 2077.1 6.16 Sebastian 1107.4 1783.3 6.29
Braemar 811.7 1853.4 6.18 Braemar 949.2 2045.1 5.89
Xanadu 678.6 2061.8 6.34 Xanadu 730.7 1710.2 6.12
Blanik 914.0 2019.1 5.73 Blanik 920.4 1738.3 5.22
Poet 891.9 1922.4 6.14 Poet 849.2 1618.3 5.19
Westminster 680.4 1790.0 6.57 Westminster 899.8 1815.6 8.99
Aksamit 691.7 1827.3 4.70 Aksamit 766.6 1700.5 6.16
Spilka 878.5 2036.9 7.61 Spilka 904.6 1671.9 6.09
Beatrix 859.1 1760.3 8.24 Beatrix 1187.1 1507.9 6.93
Orthega 941.5 2009.7 5.12 Orthega 1249.0 1962.5 6.95
Bolina 848.3 1984.4 6.37 Bolina 858.3 1727.2 6.16
Pribina 740.5 1857.0 5.68 Pribina 865.5 1441.7 4.91
Tocada 755.5 1852.2 6.86 Tocada 910.3 1681.8 5.48
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rulové kyseliny u kapalnych matric byla linearni v rozsahu 1,7 az
25,5 mg.I'" (koncentrace ferulové kyseliny v realném vzorku), regresni
koeficient 0,9964, limit detekce 0,5 mg.I".

Jednotlivé odridy je€mene se liSi v obsahu ferulové kyseliny. U 21
analyzovanych odrid jeémene se obsah pohyboval mezi 639,0 az
1555,0 mg.kg™" (tab.7). Nejvétsi shody ve vSech lokalitdch dosahla
odrda Malz (2,1 % RSD), nejvice byly vysledky rozptyleny u odridy
Xanadu (33,9 % RSD). Prlimérny obsah ferulové kyseliny v jeémeni
byl 935,1 mg.kg™ (11,1 % RSD). Rozdily obsahu ferulové kyseliny
mohou byt zplsobeny predevsim rlznymi povétrnostnimi podmin-
kami v péstebnich lokalitach. Ve vzorcich je¢mene pochazejicich z lo-
kality Lednice byly zjiStény nejvyssihodnoty. Pfedpoklada se, ze vzra-
stajici nadmorska vySka muze mit vliv na pomér volné a vazané
ferulové kyseliny v je€meni ve prospéch volné kyseliny [4, 6, 7].

Ve vzorcich sladl, vyrobenych z analyzovanych odriid jeémen(, se
obsah ferulové kyseliny pohyboval mezi 1441,7 az 2174,6 mg.kg™
(tab. 1). Vy$Si obsah ferulové kyseliny byl zplisoben uvolnénim va-
zané ferulové kyseliny z je€mene béhem sladovaciho procesu. Nej-
vétsi shody ve vSech lokalitach dosahla odriida Westminster (2,7 %
RSD), nejvice byly vysledky rozptyleny u odridy Prestige (15,0 %
RSD). Prdmérny obsah ferulové kyseliny ve sladu byl 1783,5 mg.kg™
(9,4 % RSD).

NarGst obsahu ferulové kyseliny v fadé jeémen — slad se pohybo-
val od 7 do 164 %. Nejvétsi navySeni dosahla odrida Aksamit z lo-
Blanik z lokality Lednice. Obecné Ize fict, ze z je€mene s vy$Sim ob-
sahem ferulové kyseliny byl vyroben slad, kde doslo k men§imu na-
ristu obsahu této kyseliny. Patrné to bylo zplsobeno pomérem volné
a vézané kyseliny v je€meni.

Ve vzorcich jednotlivych sladin se obsah ferulové kyseliny pohy-
boval v rozmezi od 3,9 do 9,1 mg.I"" (viz tab. 7). Nejvétsi shody ve
vSech lokalitdich dosahla odriida Diplom (9,6 % RSD), nejvice byly
vysledky rozptyleny u odrady Orthega (23,5 % RSD). Primérny ob-
sah kyseliny ferulové ve sladiné byl 6,6 mg.I"' (14,9 % RSD).

4 ZAVER

Byla zavedena nova metoda na stanoveni ferulové kyseliny v pi-
vovarskych surovinach pomoci UPLC-PDA. Obsah kyseliny ferulové
v je€meni se pohyboval v rozmezi 639,0 az 1555,0 mg.kg™"', ve sladu
1441,7 az 2174,6 mg.kg" a ve sladiné 3,91 az 9,09 mg.I".

Obsah ferulové kyseliny ve sladu byl vzdy vy$si nez obsah v je¢-
meni. Z jeémenu s vy$$im obsahem ferulové kyseliny byly vyrobeny
slady, kde doslo k mensimu narlistu obsahu této kyseliny.
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curve for wort samples was linear within 1.7 — 25.5 mg.I"" (concen-
tration of ferulic acid in a real sample) with correlation factor 0.9987,
detection limit 0.30 mg.I".

Calibration curve for the determination of total ferulic acid in liquid
matrixes was linear in the range of 1.7 to 25.5 mg.I"' (concentration
of ferulic acid in a real sample), regression coefficient 0.9964, de-
tection limit 0.5 mg.I".

The individual barley varieties differed in their content of ferulic
acid. Ferulic acid content in 21 analyzed barley varieties moved from
639.0 to 1555.0 mg.kg™* (Tab. 7). The variety Malz achieved the most
similar results in all the locations (2.1 % RSD), the most different re-
sults were exhibited by the variety Xanadu (33.9 % RSD). Average
content of ferulic acid in barley was 935.1 mg.kg™' (11.1 % RSD). Dif-
ferences in content of ferulic acid can be caused mainly by different
weather conditions in the growing locations. The highest values of
ferulic acid were determined in the barley samples from the location
Lednice. It is assumed that increasing altitude affects the ratio of free
and bound ferulic acid in barley in favor of free ferulic acid [4, 6, 7].

In malt samples made from the analyzed barley varieties, ferulic
acid content moved from 1441.7 to 2174.6 mg.kg™' (Tab. 7). Higher
content of ferulic acid was caused by releasing bound ferulic acid
from barley during the malting process. The variety Westminster
achieved the most similar results in all locations (2.7 % RSD), the
most different results were found in the variety Prestige (15.0 % RSD).
Average content of ferulic acid in malt was 1783.5 mg.kg™' (9.4 %
RSD).

Increase in ferulic acid content in the series barley — malt varied
from 7 to 164 %. The highest increase in ferulic acid content was
achieved by the variety Aksamit from the locality Vérovany; the low-
est was recorded in the variety Blanik, location Lednice. Generally,
we can state that barley with a higher ferulic acid content produced
malt in which content of ferulic acid did not increase significantly. It
was probably caused by a ratio of bound and free acid in barley.

Ferulic acid content in samples of the respective worts moved from
3.9t0 9.1 mg.I"" (see Tab. 7). The most similar results in all locations
were achieved by the variety Diplom (9.6 % RSD), the most different
results were found in the variety Orthega (23.5 % RSD). Average con-
tent of ferulic acid in wort was 6.6 mg.I"" (14.9 % RSD).

4 CONCLUSIONS

A new UPLC-PDA method for the determination of ferulic acid in
the brewing materials was introduced. Ferulic acid content in barley
varied from 639.0-1555.0 mg.kg’, in malt it moved from
1441.7-2174.6 mg.kg™* and in wort from 3.9-9.1 mg.I"". Ferulic acid
content was always higher in malt than in barley. Barleys with higher
ferulic acid content gave malts in which content of ferulic acid did not
increase significantly.
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