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Ferulova kyselina je vyznamna fenolicka kyselina obsazena v je€émeni. Je antioxidantem s potencidlnim vlivem na senzorickou stabi-
litu piva. Naproti tomu bud termickou dekarboxylaci pfi hvozdéni, rmutovani a chmelovaru, nebo enzymovou dekarboxylaci v prabéhu
kvaSeni piva miize z volné ferulové kyseliny vznikat 4-vinyl guajakol, ktery zpGsobuje fenolovou cizi viini a chut piva. V Sestiletych po-
kusech byla prokézana zavislost obsahu ferulové kyseliny v je€émeni na jeho genetickych vlastnostech a vyznamna zavislost na klima-
tickych podminkach pfi vegetaci i v prabéhu sklizné jednotlivych roénikd. Sledovani volné ferulové kyseliny v laboratorni sladiné proka-
zalo zavislost jejiho obsahu na odriidé jeémene, roéniku sklizné i péstebni lokalité. Zadny z téchto faktori nebyl dominantni. Podil volné
ferulové kyseliny pfitomné ve sladu a ferulové kyseliny uvolnéné pfi rmutovani byl zavisly na odriidé jeémene. Odridoveé specificky byl
taktéZ pomér celkové ferulové kyseliny v jeémeni a volné ferulové kyseliny ve sladiné. Obsah volné ferulové kyseliny ve sladiné je vy-
znamné ovlivnén technologii sladovani. Vyssi stupenh domoceni, vySsi teplota a del$i doba sladovani vedou k vy§Simu obsahu volné fe-
rulové kyseliny ve sladiné. Obsah ferulové kyseliny ve sladiné koreloval s analytickymi parametry popisujicimi cytolytické a proteolytické
rozlusténi sladu.

Mikyska, A. — Prokes, J. — Bélakova, S. — Skach, J. — Haskova, D.: The influence of barley origin and malting technology on fe-
rulic acid content in barley and malt. Kvasny Prum. 56, 2010, No. 3, p. 145—-151.

Ferulic acid is an important phenolic acid contained in barley. It is an antioxidant with a potential impact on sensorial stability of beer.
On the other hand, 4-vinyl guaiacol can be formed from free ferulic acid either by thermal decarboxylation in the course of kilning, mash-
ing and wort boiling or by enzymic decarboxylation during beer fermentation. In six years trials was approved dependence of ferulic acid
in barley on its genetical properties and important dependence on climatic circumstances during growth as well as during year crop.
Free ferulic acid monitoring in laboratory wort approved dependence of its content on barley variety, year crop and growing locality. Nei-
ther of these factors was dominant. A rate of free ferulic content presented in malt and ferulic acid released by mashing was dependent
on barley variety. Similarly a rate of total ferulic acid content in barley and free ferulic content in wort was varietal dependent. Free fer-
ulic acid content in wort is markedly influenced by malting technology. Higher steeping degree, higher germination temperature and time
lead to higher free ferulic content in wort. Free ferulic content in wort correlated with analytical parameters describing cytolytic and pro-
teolytic modification of malt.

Mikyska, A. — Prokes, J. — Bélakova, S. — Skach, J. — Haskova, D.: Einfluss der Gerstenursprung und Technologie der Malzher-
stellung auf den Gehalt an Ferulaséure in der Gerste und im Malz. Kvasny Prum. 56, 2010, Nr. 3, S. 145-151.

Die Ferulasaure ist eine wichtige in der Gerste enthaltene fenolische Saure, die als einen Antioxidant mit einem potenziellen Einfluss
auf sensorische Stabilitdt des Bieres gibt. Im Gegenteil kann entweder durch eine thermische Dekarboxylation wéhrend des Darrver-
fahrens, des Darrverfahrens und des Hopfenkochungs oder durch eine enzymatische Dekarboxylation wahrend der Garung aus der
freien Ferulasdure 4-Vinyl Guajakol entstehen, der einen fremden Fenolgeruch und - geschmack des Bieres verursacht. In den sechs-
jahrigen Versuchen wurde eine Abhéngigkeit des Gehalts an Ferulasaure in der Gerste auf ihren genetischen Eigenschaften und wei-
terhin eine bedeutende Abhéngigkeit auf die klimatischen Bedingungen wahrend der Vegetation und der Ernte der einzelnen Jahrgange
nachgewiesen. Die Verfolgung der freien Ferulasaure in der Laborvorderwiirze hat die Abhangigkeit ihres Gehalts auf die Gerstensorte,
Erntejahrgang und auf das Anbaugebiet nachgewiesen, jedoch keiner der angegebenen Parameter wurde signifikant. Der Anteil der im
Malz anwesenden und durch das Kochen freigewordenen freien Ferulasédure wurde von der Gerstensorte abhangig. Sorten spezifisch
wurde auch das Verhaltnis zwischen dem Gehalt an gesamter Ferulasaure in der Gerste und der freien Ferulasaure in der Vorderwiirze.
Der Gehalt an der freien Ferulasdure in der Vorderwirze wird bedeutend durch die Technologie der Malzherstellung beeinflusst. Ein
hoéherer Gehalt an der freien Ferulasédure in der Vorderwirze wird durch einen héheren Grad des Quellreifens, durch die hdhere Tem-
peratur und langere Zeit des Malzkeimungsprozesses verursacht. Der Gehalt an der freien Ferulaséure in der Vorderwiirze hat mit ana-
lytischen Parametern korreliert, die die zytolytische und proteolytische Malzaufldsung des Malzes beschreiben.

Klicova slova: kyselina ferulovd, jecmen, slad, sladina, sladovant,
kvaseni

1 UVOD

Ferulova kyselina je jednoducha fenolicka kyselina ze skupiny hyd-
roxy-skoficovych kyselin, ktera spolu s proteiny tvofi spojovaci mistky
mezi lamelami neSkrobovych polysacharidd, arabinoxylan(i a -glu-
kand v bunééné sténé jecné obilky (obr. 1) [1]. Je spolu s p-kumaro-
vou kyselinou a vanilovou kyselinou majoritni fenolickou kyselinou
je€mene [2]. Pri kliceni ma zasadni vyznam enzymatické Stépeni
téchto spojovacich mustkl, které spolu s plsobenim enzymového
komplexu degradace B-glukan( a arabinoxylant (pentosanut) ma vliv
na extrakt sladu, obsah rozpustnych arabinoxyland, p-glukant a pro-
teinG ve sladiné [3]. Z toho plyne i mozna souvislost s filtrovatelnosti
sladin a piv [4].

Ferulova kyselina je pfi sladovani uvolnéna plisobenim esteras (EC

Keywords: ferulic acid, barley, malt, wort, malting, fermentation

1 INTRODUCTION

Ferulic acid is a simple phenolic acid of hydroxy-cinnamic acid
group, which along with proteins formed connecting bridges between
lamellas of non-starch polysaccharides, arabinoxylans and -glucans
in cell wall of barley corn (Fig. 1) [1]. It is together with p-coumaric
acid and vanilic acid major phenolic acid in barley [2]. By germina-
tion basic significance has enzymic splitting of these connecting
bridges, which with the action of enzymic complex of -glucans and
arabinoxylans degradation has impact on malt extract, soluble arabi-
noxylans, p-glucans and proteins in wort [3]. It implicates possible
connection with wort and beer filterability [4].

Ferulic acid is released by malting by an action of esterases (EC
3.1.1) present in malt [5,6], its activity is depended on barley variety
and decreased in the course of malting [5]. There is a further releasing
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3.1.1), které jsou pfitomny v jeCmeni [5,6], jejich aktivita je zavisla na
odridé jeémene a klesa v pribéhu sladovani [5]. K dal$imu uvolnéni
ferulové kyseliny dochazi pfi rmutovani, zna¢ny vyznam ma pouzity
postup vyroby sladiny. Esterasy ferulové kyseliny jsou pomérné ter-
molabilni [7] a maji teplotni optimum 30 °C pfi pH 7,5 [8]. Proto ve
sladinach vyrobenych postupy s vystirkou pfi teplotach pfiblizné 30
az 50 °C je obsah volné ferulové kyseliny oproti jejimu obsahu ve
sladu vyrazné vyssi. U postupl s vystirkou pfi teploté 60 °C je ve sla-
diné pfitomna prakticky jen ferulova kyselina uvolnéna pfi sladovani
[9].

Reakénimi mechanismy premény ferulové kyseliny jsou oxidace
a dekarboxylace [10,11]. Je uvadéna jako vyznamny antioxidant, vy-
sledky modelovych pokusu prokazaly pfiznivy vliv této latky na sen-
zorickou stabilitu piva [12,13]. Naproti tomu dekarboxylaci ferulové
kyseliny vzniké 4-vinylguajakol, ktery je senzoricky aktivni a spolu
s dal$imi tékavymi fenoly zpUsobuje ,fenolovou* cizi viini a chut v pivu
[10,11]. Ferulova kyselina je ve sladiné pfitomna ve volné forme i es-
terové vazana. Dekarboxylace je mozna pouze u volné formy (obr. 2).
Prahova hodnota senzorického viemu 4-vinylguajakolu je 0,3 mg/l
[14]. 4-Vinylguajakol vznika z ferulové kyseliny dvéma cestami. Prvni
je termicka dekarboxylace, ktera v roztoku, pfi vyrobé sladiny a mla-
diny probiha pfi teplotach nad 90 °C a pravdépodobné i pfi hvozdéni
sladu [11,15]. Druha cesta je enzymova dekarboxylace ferulové ky-
seliny kvasinkami pfi kvaseni a zrani piva. Vysokou aktivitu dekarbo-
xylas (EC 4.1.1) ferulové kyseliny pfi hlavnim kvaseni maji divoké kva-
sinky, nékteré kmeny svrchniho kvaseni a mlécné bakterie
kontaminuijici pivovarské provozy [9,11,16, 17].

V zahranic¢i byly publikovany informace o vlivu odriidy je€mene, lo-
kality a roéniku sklizné na aktivitu esteras ferulové kyseliny a tim i vlivu
na obsah ferulové kyseliny ve sladu [9,18, 19]. Ziskanipoznatku o ¢es-
kych odrlidach sladovnického jeémene a dalSich sladovnickych od-
riidach registrovanych v CR stejné jako informaci o vlivu technologie
sladovani pfi vyrobé méné modifikovanych sladd vhodnych pro vy-
robu Ceského piva bylo cilem viceletého vyzkumného projektu fese-
ného v ramci Vyzkumného centra pro studium obsahovych latek jec¢-
mene a chmele.

2 MATERIAL A METODY

Vliv plivodu jemene na obsah ferulové kyseliny ve sladu byl v le-
tech 2004 az 2009 (sklizné 2003-2009) studovan na jeémenech ze
dvou lokalit s odliSnymi pudné-klimatickymi podminkami, Krasné
Udoli (picninafska oblast) a V&rovany (fepafskéa oblast). Kazdoro&né
byly pfipraveny laboratorni slady z osmi odr(id jeémene. Vybér odrid
se v prubéhu feseni ménil, respektoval zmény ve skladbé odrid pé-
stovanych v Ceské republice a zmény ve vyznamu odridy.

Slady byly pfipraveny na mikrosladovné VUPS nasledujicim po-
stupem: maceni celkem 10 hodin, maceni s odsavanim CO,, stupen
domoceni 45 %. Celkova doba maceni a kli¢eni 6 dn(, teplota kli¢eni
14 °C. Hvozdéni 22 hodin, pfedsu8eni 55 °C, dotahovani 4 hodiny pfi
80 °C. V roce 2007 byl navic testovan na obsah kyseliny ferulové ve
sladiné soubor Sesti odrid ze ti lokalit. Byly zvoleny tfi ¢eské (Bo-
jos, Malz, Tolar) a tfi zahrani¢ni (Jersey, Prestige, Xanadu) odrudy.
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Obr. 1 Model struktury bunécné stény / Fig. 1 Cell wall structure mo-
del (Bamforth, C. W. et al: [1])

of ferulic acid in mashing; applied wort production procedure has con-
siderable significance. Ferulic acid esterases are relatively thermo la-
bile [7] and have temperature optimum at 30 °C by pH = 7,5 [8]. Hence
free ferulic acid content in worts prepared by procedures with mash-
ing in temperature approximately 30 az 50 °C is distinctively higher
compared with its content in malt. In wort only ferulic acid released
in malting by procedures with mashing in temperature 60 °C is prac-
tically present [9].

Oxidation and decarboxylation are reaction mechanisms of ferulic
acid transformation [10,11]. It is mentioned as an important antioxi-
dant, results of model experiments demonstrated positive impact of
this compound on beer sensorial stability [12,13]. In contrast, sen-
sorial active 4-vinylguaiacol, what creates “phenolic” off-flavor in beer
along with another volatile phenols is formed by ferulic acid decar-
boxylation [10,11]. Ferulic acid inheres in beer both in free and es-
ter-bonded form. Decarboxylation is possible by free ferulic acid only
(Fig. 2). Sensorial threshold of 4-vinyl guaiacol is 0,3 mg/I [14]. 4-Vinyl
guaiacol is formed from ferulic acid by two pathways. First one is ther-
mal decarboxylation, proceeding at the temperatures above 90 °C in
water solutions, in the course of wort production, wort boilig and prob-
ably also by kilning of malt [11,15]. Second one is enzymic decar-
boxylation of ferulic acid by an action of yeast in the course of beer
fermentation and maturation. High decarboxylases (EC 4.1.1) activ-
ity have wild yeast species, some ale yeast strains and lactic bacte-
ria contamination of brewing plants [9,11,16, 17].

Several information were published about the influence of barley
variety, locality and year crop on ferulic acid esterases and thereby
on the influence on ferulic acid content in malt [9, 18, 19]. The aim of
multiannual research project solved within the framework of the Re-
search Centre of Extract Compounds of Barley and Hops was to re-
ceive knowledge about Czech malting barley varieties and other malt-
ing barley varieties registered in CR as well as information about the
influence of malting technology by less modified malts suitable for
Czech beer production.

2 MATERIAL AND METHODS

In the years 2004 through 2009 (year crops 2003—2008) an influ-
ence of barley origin on ferulic acid content in malt on barleys origi-
nated from two growing localities different in soil-climatic conditions,
Krasné Udoli (forage production region) a Vérovany (sugar beet pro-
duction region) was studied.

There were laboratory malts of eight barley varieties every year
prepared. Select of varieties changed with respect to changes in va-
rietal structure in the Czech Republic and changes in variety signifi-
cance in the course of trials.

Malts were prepared by following procedure in micro-malting plant
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Lokality BraniSovice (kukufi¢na oblast), Vérovany (fepafska oblast)
a Vysoka (bramboraiska oblast) se vyrazné lisi pddné klimatickymi
podminkami. Je€meny byly sladovany na mikrosladovné postupem
pro hodnoceni odrid jeémene podle EBC [20].

Vliv sladarské technologie na obsah volné ferulové kyseliny ve
sladu (sladiné) byl v tfiletych pokusech zkouméan v modelovych pod-
minkach. V mikrosladovné byly v letech 2006 az 2008 kazdoro¢né
pfipraveny slady ze tfi odrid jeémene (Nordus — Scarlett — Tolar, Kom-
pakt — Scarlett — Tolar, Jersey — Malz — Sebastian). Byly pfipraveny
varianty sladu s nastavenim tfi parametrd ve dvou Urovnich: Obsah
vody 42 a 45 %, celkova doba kli¢eni 5 a 7 dnl a teplota kliceni 14
a 18 °C. Hvozdéni bylo jednotné, 22 hodin, pfedsuseni 55 °C, dota-
hovani 4 hodiny pfi 80 °C. Déle byly v provozu sladoven s Sestidenni
technologii sladovani odebrany vzorky zeleného sladu po 4 a 6 dnech
a hvozdény v laboratornim hvozdu. Z téchto slad( byla v pokusném
pivovaru (kapacita 40 | horké mladiny) uvarena 12% lezacka piva
dvourmutovym dekok&énim postupem s vystirkou pfi teploté 37 °C.

Celkovy obsah ferulové kyseliny a obsah volné ferulové kyseliny
v jeCmeni, sladu a laboratorni sladiné byl v letech 2004 az 2007 sta-
noven metodou HPLC, vypracovanou na VUPS [21]. V roce 2008
a 2009 (ro¢nik sklizné 2007 a 2008) byla pouzita vylepSena metoda
separace na SPE kolonach a stanoveni na pfistroji UPLC/PDA [22].
Rozbory je€mene, sladu a piva byly provedeny podle Analytiky EBC
[23] a Pivovarsko-sladarské analytiky [24].

3 VYSLEDKY A DISKUSE

3.1 Obsah ferulové kyseliny v jeémeni

V Sestiletém obdobi byl sledovan celkovy obsah ferulové kyseliny
v odriidach jeémene. Do souboru osmi testovanych odrid byly
v kaZzdé sklizni zafazeny sladovnické odridy jeCmene péstované
v Ceské republice s aktualnim vyznamem pro domaci sladovny a pi-
vovary. Vybirany byly jak odriidy vhodné pro vyrobu Ceského piva,
tak zahrani¢ni odrudy pro exportni slady. Tti odrldy, Jersey, Prestige
a Tolar, byly hodnoceny celych Sest let. Ve tfech nebo Ctyfech skliz-
nich byly tfi odridy doporu¢ené pro vyrobu Ceského piva, Bojos,
Malz, Radegast a dvé zahraniéni odridy. Primérny obsah ferulové
kyseliny u odrdd v jednotlivych skliznich je uveden v tab. 1.

Rozdily mezi odridami v konkrétni sklizni byly ¢asto vyrazné a sta-
tisticky prikazné, jak je patrné u vybér odrad ze sklizni 2003 az
2005 (obr. 3) a vybéru ze sklizni 2005 az 2008 (obr. 4). Z pohledu
opakovaného sledovani vice sklizni neni patrny dominantni vliv od-

of RIBM: Steeping 10 hours at a whole, germination with CO, ex-
haustion, steeping degree 45 %, kilning 4 hours at the temperature
of 80 °C. Additionally, collection of six varieties grown in three local-
ities on ferulic content in wort in the year 2007 was tested. Three
Czech varieties (Bojos, Malz, Tolar) and three foreign (Jersey, Pres-
tige, Xanadu) varieties were selected. Localities BraniSovice (maize
production region), Vérovany (sugar beet production region), Vysoka
(potato production region) are significantly different in soil-climatic
conditions. Barleys were malted using procedure according EBC bar-
ley varieties evaluation in micro-malting plant [20].

An influence of malting technology on free ferulic acid content in
malt (wort) was investigated in model conditions in triennial trials. In
the years 2006-2008 every year malts from three barley varieties
(Nordus — Scarlett — Tolar, Kompakt — Scarlett — Tolar, Jersey — Malz
— Sebastian) in micro-malting plant were prepared. There were pre-
pared malt variants with adjustment of three parameters in two lev-
els: Steeping degree 42 and 45 %, total germination time 5 and 7
days, germination temperature 14 and 18 °C. Kilning was the same,
22 hours, drying 55 °C, kilning 4 hours at the temperature of 80 °C.
Additionally, malt samples were taken after 4 and 6 days in malting
plants using six days technology and kilned in a laboratory kiln. 12%
pale lager beers were brewed from these malts in the trial brewery
(capacity 40 | of hot wort) by the use of two mash decoction proce-
dure with mashing in temperature of 37 °C.

The total ferulic acid content and free ferulic acid content in barely,
malt and laboratory wort was accessed by the use of HPLC method
developed at RIBM in the years 2004-2007 [21]. Improved method
of separation on SPE columns and determination by UPLC/PDA de-
vice was used in the years 2008 and 2009 (year crop 2007 and 2008)
[22]. Analysis of barley, malt and beer was carried out according to
Analytica EBC [23] and Pivovarsko-sladarska analytika [24].

3 RESULTS AND DISCUSSION

3.1 Ferulic acid content in barley

In six years period the total content of ferulic acid in barley vari-
eties was investigated. Malting barley varieties with an actual signif-
icance for domestic malting houses and breweries, grown in the
Czech Republic were filed into the collection of eight varieties in ev-
ery year crop. Both varieties convenient for Czech beer production
and foreign varieties for export malts were selected. Three varieties,
Jersey, Prestige and Tolar were evaluated whole six years. Three va-

Tab. 1 Celkovy obsah ferulové kyseliny v jeémeni / Total ferulic acid content in barley (mg/kg)

Roénik | Odrdda jeémene / Barley variety Lokalita
Year - = Locality
= - £ o i = 8 =
s | & |a |8 |8 |8 |S |2 |2 |& |8 |3 |8 |0 |2 |2 Y
2003 480 545 | 526 | 770 | 632 729 | 751 664 660 | 724
2004 542 600 | 623 | 662 | 723 737 | 687 712 652 | 669
2005 698 590 747 | 608 | 689 | 686 | 645 759 688 | 668
2006 606 730 629 | 708 | 575 718 | 753 | 544 | 722 | 857
2007* 778 900 856 | 941 | 940 883 | 950 | 766 | 835 | 918
2008* 894 821 | 878 | 956 | 1093 1222 | 945 963 | 1146 | 742 | 956 | 976
* vylepSeny analyticky postup / improved analytical procedure
Tab. 2 VoIna ferulova kyselina ve sladiné / Free ferulic acid in wort (mg/kg)
Roc¢nik | Odrdda jeémene / Barley variety Lokalita
Year - c Locality
= - x o = = & s
s S |E 8|2 |8 |E s |5 |8 2|2 |8 |5 |8 |ale
< |s|a |&|5 |8 ¢ |2 & |2 |8 |8 |8 | |8 |2 ¢
2003 3.36 3.59 | 3.76 | 3.73 | 3.22 3.43 | 3.41 3.15 3.58 | 3.33
2004 2.63 2.87 | 3.16 | 3.50 | 2.63 2.44 | 3.00 2.96 297 | 2.83
2005 3.94 3.85 419 | 423 | 461 | 3.72 | 2.94 3.08 3.77 | 3.87
2006 2.82 3.58 3.33 | 3.28 | 3.17 3.01 | 312 | 2.84 | 3.04 | 3.25
2007* 5.83 8.04 7.72 | 7.57 | 5.98 792 | 584 | 745 | 712 | 6.97
2008* 712 8.19 | 5.61 | 6.77 | 7.41 6.34 | 7.72 7.82 | 824 | 6.90 | 7.55 | 6.86

* vylepSeny analyticky postup / improved analytical procedure



KVASNY PRUM.
ro¢. 56 / 2010 — ¢islo 3

14

Vliv plvodu jeémene a technologie sladovani na obsah ferulové kyseliny v jeCmeni a sladu

rady jeémene. Vysledky analyzy inovovanym postupem jsou vy$si,
hodnoceni sklizni 2007 a 2008 neni proto pIné porovnatelné s pfed-
chozimi vysledky. Pfes to je zfetelny vliv ro€niku sklizné a patrny je
i trend ke zvySovani obsahu ferulové kyseliny v jeémeni (obr. 5). Ur-
¢ity vliv méla i lokalita, trend k vy$§imu prdmérnému obsahu ferulové
kyseliny v je¢meni byl patrny u lokality Vérovany s leps$imi ptdné kli-
matickymi podminkami pro péstovani sladovnického jeémene (tab. 7).
Ferulova kyselina je integrovana do struktury nedkrobovych poly-
sacharidi jeémene, arabinoxylant a p-glukanu. PFi¢inou relativné
malych rozdilll mezi odridami jeémene v obsahu ferulové kyseliny
by mohla byt skute¢nost, Ze sladovnické odridy je€mene jsou Slech-
tény na nizky obsah téchto sacharidi s negativnim vlivem na filtraci
sladiny a piva a v registra¢nim Fizeni hodnoceny podle obsahu $-glu-
kan(. Prukazna zavislost mezi obsahem ferulové kyseliny a neskro-
bovych polysacharid( v jeémeni nebyla v rdmci pokust nalezena (sk-
lizné 2007, 2008: B-glukany r = 0,234, arabinoxylany r = 0,357).

3.2 Ferulova kyselina ve sladu

Pfi zpracovani je€émene na slad je ¢éast ferulové kyseliny obsazené
v je€meni uvolnéna plsobenim enzym(. Ur€ity podil ferulové kyse-
liny pfechazi do bunéénych struktur kofinkl a stfelky a odstrani se
jako odpad, sladovy kvét.V pribéhu kliceni a prvé faze hvozdéni, su-
Seni sladu, jsou enzymovou ¢&innosti rozruSeny bunécéné struktury
obilky je€mene, uvolnény a ¢aste¢né degradovany neskrobové poly-
sacharidy. K uvolnéni g-glukant dochazi predevsim v priibéhu kliceni,
arabinoxylany jsou uvolnény pozdéji a enzymové degradovany ze-
jména pfi suseni sladu [25]. V pribéhu sladovani je uvolnéna pouze
mala ¢ast z celkového obsahu ferulové kyseliny v je€émeni. Obsah
volné ferulové kyseliny se v laboratornich sladech odrid testovanych
v letech 2004—-2006 pohyboval v intervalu 2,1 az 4,2 % celkového ob-
sahu ferulové kyseliny ve sladu (obr. 6). Toto zjiSténi je v souladu s li-
terarnimi udaiji [9].

Pfi rmutovani dochazi k dalsi degradaci neskrobovych polysacha-
rid( a k dal$imu uvolnéni esterovych vazeb ferulové kyseliny. Na obr.
7 je znazornéna bilance podilu volné ferulové kyseliny ve sladu a fe-
rulové kyseliny uvolnéné ze sladu pfi laboratornim rmutovani. U od-
rid Amulet, Kompakt, Malz obsah volné ferulové kyseliny ve sladiné
pochdazel pfevazné ze sladu. U dal$ich odriid — Sabel, Scarlett se
vy$Si podil ferulové kyseliny uvolnil pfi rmutovani. Je zfejmé, Ze po-
stup rmutovani se vyznamné podili na koncentraci volné ferulové ky-
seliny ve sladiné.

Sladové enzymy katalyzujici hydrolyzu neskrobovych polysacha-
ridd i esterasy hydroxyskoficovych kyselin jsou termolabilni [7]. K n&-
ristu obsahu ferulové kyseliny ve sladiné proto dochazi u rmutova-
jsou tyto enzymy rychle inaktivovany a ve sladiné je pfitomna prak-
ticky jen volna ferulova kyselina sladu. Kongresni postup rmutovani
s vystirkou a vydrzi pfi teploté 45 °C relativné dobfe predikuje mnoz-
stvi volné ferulové kyseliny ve sladiné pro zpracovani sladu dekoké-
nim postupem v provozu domdcich pivovard.

Vysledky stanoveni obsahu volné ferulové kyseliny ve sladiné jsou
shrnuty v tabulce 2. Rozdily mezi odridami jeémene v konkrétni sk-
lizni byly ¢asto znac¢né a statisticky priikazné, jak je patrné u vybérl
odrlid ze sklizni 2003 az 2005 (obr. 8) a vybéru ze sklizni 2005 az
2008 (obr. 9). Vyznamnou mérou se projevil ro¢nik sklizné. Vysledky
tfi odrud testovanych 6 let (Jersey, Prestige a Tolar) jsou na obr.10.
Pomeér celkové ferulové kyseliny v je€meni a volné ferulové kyseliny
v kongresni sladiné, mira jejiho uvolnéni pfi sladovani a rmutovani,
zavisi na odridé je¢émene. Byly nalezeny dobré korelace pro opako-

Obr. 3 Obsah volné ferulové kyseliny v jeémeni — vybrané odridy /
Fig. 3 Ferulic acid content in barley — selected varieties (2003—2005)

rieties recommended for Czech beer production, Bojos, Malz, Rade-
gast and two foreign varieties were evaluated for three or four years
period. Average ferulic acid content of barley varieties in particular
year crops are shown at Tab. 1.

As it is evident from varieties select from year crops 2003-2005
(Fig.3) and varieties select from year crops 2005—2008 (Fig. 4), dif-
ferences were often distinctive and statistically evidential among va-
rieties. From the point of view repeated monitoring more year crops,
dominant impact of barley variety is not apparent. Results reached
by improved procedure of analyze are higher, therefore year crops
2007 and 2008 evaluation is not full comparable with former results.
Through that the influence of year crop is transparent and a trend to
increase in ferulic acid content in barley is apparent (Fig. 5). Also lo-
cality had some impact; trend to higher average ferulic acid content
in barley was marked for the locality V&rovany which has better soil-
climatic conditions for malting barley growing (7ab. 7).

Ferulic acid is integrated into the non starch polysaccharides struc-
ture of barley, arabinoxylans and -glucans. A reason of relative small
differences in ferulic acid content among barley varieties might be the
fact that malting barley varieties are breaded to low content of these
polysaccharides with negative influence on wort and beer filterability
and the varieties are evaluated according to 3-glucans content in pro-
ceeding of variety registration. In the frame of these trials, there were
not found out evidential dependence between ferulic acid and non
starch polysaccharides content in barley (year crops 2007, 2008:
B-glucans r = 0,234, arabinoxylans r = 0,357).

3.2 Ferulic acid in malt

A part of ferulic acid engaged in barley is released by enzymes ac-
tion during processing barley to malt. Some portion of ferulic acid
transfers to cell structures of roots and acrospire and it is steamed
off as waste, malt culms. Barley corn cell walls are discomposed by
enzyme action during germination and first stage of kilning, malt dry-
ing , non starch polysaccharides are released and particularly de-
graded. B-glucans are released mainly in the course of germination,
arabinoxylans are released later and enzymatic degraded especially
by malt drying [25] (Fig. 6).

Only small part of the whole ferulic acid content in barley is re-
leased in the course of malting process. Relative content of free fer-
ulic acid was in interval from 2.1% to 4.2 % of the total ferulic acid
content in laboratory malts from varieties tested in years 2006—2006.
This finding is in agreement with literature indications [9].

Further degradation of non starch polysaccharides as well as fur-
ther ester linkages of ferulic acid occurs in the course of mashing.
Balance of a part of free ferulic content and a part of ferulic acid con-
tent released during laboratory mashing from malt is shown at Fig. 7.

Free ferulic acid content in wort originated mainly from malt by the
varieties Amulet, Kompakt and Malz. By other varieties — Sabel, Scar-
lett higher part of ferulic acid was released by mashing. It is clear,
that mashing procedure has significant impact on free ferulic acid
concentration in wort.

Malt enzymes catalyzing non starch polysaccharides hydrolysis
and hydroxycinnamic acid esterases are thermo labile [7]. Therefore
ferulic acid content increase happens by mashing procedures with
lover mashing in temperatures. These enzymes are promptly inacti-
vated at mashing in temperatures 60—63 °C and there is practically
only free ferulic acid of malt present in wort. Congress mashing pro-
cedure with initial temperature and a delay at a temperature of 45 °C
predict the free ferulic acid content in wort after malt processing by

Obr. 4 Obsah volné ferulové kyseliny v jemeni — vybrané odridy /
Fig. 4 Ferulic acid content in barley — selected varieties (2005—2008)
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Obr. 5 Obsah volné ferulové kyseliny v jeémeni — vybrané odrGdy /
Fig. 5 Ferulic acid content in barley — selected varieties (2003—2008)

Obr. 6 Obsah volné a vazané ferulové kyseliny ve sladu / Fig. 6 Free
and bonded ferulic acid content in malt
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Obr. 7 Bilance pfispévku sladu a rmutovani k obsahu volné ferulové
kyseliny ve sladiné / Fig. 7 Bilance of malt and mashing contribution
to free ferulic acid dontent in wort

Obr. 8 Obsah volné ferulové kyseliny v jeémeni — vybrané odridy /
Fig. 8 Ferulic acid content in barley — selected varieties (2003—2005)
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Obr. 9 Obsah volné ferulové kyseliny v jemeni — vybrané odridy /
Fig. 9 Ferulic acid content in barley — selected varieties (2005—2008)

Obr. 10 Obsah volné ferulové kyseliny v jemeni — vybrané odrady /
Fig. 10 Ferulic acid content in barley — selected varieties (2003—2008)
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Obr. 11 Vliv odridy jeCmene a péstebni lokality na obsah volné fe-
rulové kyseliny ve sladiné (sladovani podle EBC) / Fig. 11 An influ-
ence of barley variety and growing locality on free ferulic acid con-
tent in wort (malting according EBC)

* vylepSeny analyticky postup / improved analytical procedure

Obr. 12 Vliv technologie sladovani na obsah volné ferulové kyseliny
ve sladiné / Fig. 12 The influence of malting technology on free feru-
lic acid content in wort

P 1
45 7 i
-
= a4
g
£ -~
S 35
S
©
S s
2
& o5
®
o
§ op
<
$ 15[
>
2
T 1 p
3
El
8 05 [
@
E 4 I 4 3 i
s 0 N N
& X
&F & Ky @e@ «F
& +

A
4 -

= = iml g |
g5 :
= -1 ] ] m m
g8 3t
e — : — — —
E e
5 2 o | | | |
2 I [ 2005
h=4 2 F
s | | | | | | | | m2006
= 02007
£ 15 7
2 e W o u —
L 17
s | - - | | |
o It
2 05
2 = Rt 3 S N 8 P
w 0 E
2
S Q) \a) o o &
2 Na oF N 3¢ R N

Y ~ O N

(06‘\ &




KVASNY PRUM.
ro¢. 56 / 2010 — ¢Cislo 3

15

Vliv plvodu jeémene a technologie sladovani na obsah ferulové kyseliny v jeCmeni a sladu

Tab. 3 Korelace obsahu feruloveé kyseliny ve sladiné s parametry sladu
|/ Correlation between ferulic acid content in wort and malt parame-
ters

Rozdil extraktu v jemném a hrubém mileti /

Extract difference in DLFU —-0.56
Relativni extrakt / Relative extract 45 °C 0.62
Rozpustny dusik / Soluble nitrogen 0.69
Kolbachovo ¢&islo / Kolbach index 0.66
Friabilita / Friability 0.54
Viskozita / Viscosity —-0.64
B-glukany / g-clucans —0.65
Arabinoxylany / Arabinoxylans —-0.08

vané testované odridy (Jersey, Tolar, Prestige), nikoli pro vztah fe-
rulové kyseliny v je€meni a sladiné obecné.

Dal$i mozny vliv odrlidovych vlastnosti na uvolnéni ferulové kyse-
liny ukazal pokus se slady ¢eskych a zahraniénich odrad ze ti raz-
nych lokalit. Pfi sladovani intenzivnim postupem s vysokym rozlus-
ténim byl u ¢eskych odriid nalezen nizs§i obsah ferulové kyseliny ve
sladiné v porovnani se zahrani¢nimi odridami (obr. 11). Patrny byl
i vliv péstebni lokality na obsah volné ferulové kyseliny ve sladiné.

3.3 Vliv technologie sladovani na obsah ferulové kyseliny ve
sladiné

V tfiletych laboratornich pokusech byl zkouman vliv technologie
sladovani (dvé urovné stupné domoceni, teploty kli¢eni, doby kli¢eni)
na obsah ferulové kyseliny v laboratorni sladiné. Potvrdilo se, Ze ob-
sah ferulové kyseliny ve sladince zavisi na technologii sladovani.
Technologie sladovani podporujici intenzivnéjsi rozlusténi, tj. degra-
daci B-glukant a proteint (vy$si stuperi domoceni, vyssi teplota
a delSi doba sladovani), ma za nasledek vy$si miru uvolnéni ferulové
kyseliny do roztoku (obr. 12). Obsah ferulové kyseliny v sladiné ko-
reloval s analytickymi parametry popisujicimi cytolytické a proteoly-
tické rozlusténisladu (tab. 3). Zkracenidoby kli¢eni snizilo obsah volné
ferulové kyseliny v provozné vyrobenych sladech o 17-25 %, vyrazné
se ovSem snizil extrakt sladu a vzrostl obsah B-glukan( a viskozita
sladiny (fab. 4). Tak je fizenim procesu sladovani mozno ovlivnit ob-
sah volné ferulové kyseliny ve sladiné jen relativné malou mérou.

McMurrough et al. [9] zjistili pro obsah ferulové kyseliny ve sladiné
nad 6 mg/l mnozstvi 4-vinylguajakolu v pivu, vzniklého termickou de-
karboxylaci béhem chmelovaru na hranici senzorického vjemu (0,3
mg/l). Obsah ferulové kyseliny v laboratorni sladiné nékterych sladi
v diskutovanych pokusech byl 5-6 mg/l. Ani u jednoho z 12% piv pfi-
pravenych dvourmutovym dekokénim postupem vyroby sladiny s vy-
stirkou pfi teploté 37 °C, varem rmutt 15 minut a 90minutovym chme-
lovarem nebyla skupinou $kolenych hodnotitel zjisténa fenolova cizi
vuné ¢&i chut.

V tfiletych pokusech byla zjisténa jen slaba, nepfimo umérna ko-
relace mezi obsahem volné ferulové kyseliny ve sladiné a zakalem
laboratorni sladiny. Vztah k zakalu dekokéni sladiny a filtrovatelnosti
piva nebyl zjistén. Stanoveni ferulové kyseliny ve sladu se proto ne-
jevi jako analyticky parametr vhodny pro predikci filtrovatelnosti sla-
diny a piva.

4 ZAVER

V provedenych viceletych rozsahlych pokusech se prokazala za-

the use of decoction mashing procedure in domestic brewing plants
relative well.

Results of free ferulic acid content assessment in wort are sum-
marized in Tab. 2. As it is evident from varieties select from year crops
2003-2005 (Fig. 8) and varieties select from year crops 2005-2008
(Fig. 9), differences were often distinctive and statistically evidential
among varieties. Year crop showed significantimpact. Results of three
varieties tested for 6 years (Jersey, Prestige, Tolar) are shown at Fig.
10. A ratio of total ferulic acid content in barley and free ferulic acid
content in wort, i.e. ratio of its releasing during malting and mashing,
depends on barley variety. There were found our good correlations
for repeatedly tested varieties (Jersey, Tolar, Prestige). In general, no
dependence was found out for ferulic acid content in barley and wort.

The trial with malts from Czech and foreign barley varieties from
three different localities showed another possible influence of vari-
etal behavior on ferulic acid releasing. By the use of intensive malt-
ing procedure and high malt modification there was found out lower
free ferulic acid content in wort for Czech barley varieties compared
with foreign varieties (Fig. 17). Also an influence of growing locality
on free ferulic acid content in wort was apparent.

3.3 An influence of malting technology on ferulic acid content
in wort

An influence of malting technology (two levels of steeping degree,
temperature of germination and germination time) on ferulic acid con-
tent in laboratory wort was investigated in triennial laboratory trials.
It was confirmed the ferulic acid content in wort depends on malting
technology. This one supporting intensively modification, i. e. f-glu-
cans and proteins degradation (higher steeping degree, higher tem-
perature and longer time of germination) results in higher rate of fer-
ulic acid release to solution (Fig. 12). Ferulic acid content in wort
correlated with analytical parameters describing cytolytic and prote-
olytic modification of malt (Tab. 3).

Germinating time abbreviation decreased free ferulic acid content
in plant scale produced malts in 17-25 % of course malt extract de-
creased markedly and -glucans content in wort as well as viscosity
increased (Table 1V). Thus the content of free ferulic acid in wort is
possible to influence only in relative small size by means of malting
process controlling.

McMurrough et al. [9] found out in beer wort boiling produced 4-
vinyl guaiacol by thermal decarboxylation, in amounts close to its
taste threshold (0.3 mg/L), from worts that contained amounts of free
ferulic acid higher 6 mg/L. Ferulic acid content in laboratory worts of
some malts prepared in trials discussed was 5-6 mg/L. There were
fenolic off flavor by the panel of trained tasters in none of beers pre-
pared by two mash decoction mashing procedure with mashing in
temperature 37 °C, 15 min. mash boiling and 90 min. wort boiling not
found out.

There was determined only weak negative correlation between free
ferulic acid content in wort and laboratory wort haze value in trien-
nial laboratory trials. Relation to decoction wort and beer filterability
was not found out. Therefore ferulic acid content determination in malt
appears to be not a suitable analytical parameter for wort and beer
filterability prediction.

4 CONCLUSION

Dependence of ferulic acid content in barley on barley variety, grow-
ing locality and year crop was evidenced in large multiannual trials.

Tab. 4 Vliv doby kli¢eni na obsah volné ferulové kyseliny ve sladiné / An influence of germination period on free ferulic acid content in wort

Odruda / Variety Jersey Malz Prestige Tolar Sebastian
Doba sladovani dny / Malting time days 6 4 6 4 6 4 6 4 6 4
Extrakt / Extract % 81.8 | 81.3 | 83.0 | 828 | 82.8 | 81.7 | 81.7 | 80.7 | 83.5 | 82.1
Rozdil extraktu v jemném a hrubém mileti / % 1.0 1.6 1.3 1.8 0.8 1.9 1.1 2.5 1.0 2.0
Extract difference in DLFU
Viskozita / Viscosity mPa.s 147 | 1.63 | 1561 | 158 | 149 | 1.71 | 1.50 | 1.60 | 1.48 | 1.58
Kolbachovo ¢&islo / Kolbach index %o 43 42 38 37 39 34 37 38 41 38
Friabilita / Friability % 93 77 87 75 91 69 91 73 86 70
B-glukany / B-clucans mg/I 99 359 | 200 | 433 | 160 | 838 | 146 | 608 | 151 | 507
Arabinoxylany / Arabinoxylans mgl/l 781 870 | 808 | 936 | 598 | 536 | 743 | 723 | 626 | 542
Ferulova kyselina / Ferulic acid mg/l 341 | 265 | 366 | 3.02 | 275 | 2.26 | 3.04 | 2.27 | 598 | 4.83
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vislost obsahu ferulové kyseliny v jeémeni na odrlidé jeémene, pés-
tebni lokalité a ro¢niku sklizné. Rovnéz sledovani volné ferulové ky-
seliny v laboratorni sladiné prokazalo zavislost jejiho obsahu na od-
ridé je¢mene, roéniku sklizné i péstebni lokalité. Zadny z téchto
faktort nebyl dominantni. Bylo zjisténo, ze podil volné ferulové kyse-
liny ve sladu a ferulové kyseliny uvolnéné pfi rmutovani byl zavisly
na odridé je¢émene. Odridové specificky byl i pomér celkového ob-
sahu ferulové kyseliny v jeémeni a volné ferulové kyseliny ve sladiné.

V tfiletych laboratornich pokusech byl zkoumén vliv technologie
sladovani (dvé urovné stupné domoceni, teploty kliceni, doby kli¢eni)
na obsah ferulové kyseliny. Zjistilo se, Ze technologie sladovani pod-
porujici degradaci p-glukant (vy$si domoceni, vy$Si teplota a delsi
doba sladovani) a rovnéz tak rozstépeni proteind ma za nasledek
vy88i miru uvolnéni ferulové kyseliny do roztoku. Technologii slado-
vani je mozno snizit obsah volné ferulové kyseliny asi 0 20 %, ovéem
za cenu snizeni extraktu sladu a zvySeni rizika zhorSené filtrovatel-
nosti. U 12% lezackych piv pfipravenych dvourmutovym dekokénim
postupem ze sladli s obsahem volné ferulové kyseliny nad kritickou
hranici 6 mg/l nebyla zjisténa fenolova cizi viné ¢i chut.
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Likewise investigation of free ferulic content in laboratory wort evi-
denced dependence of its content on barley variety, growing locality
and year crop. None of these factors was dominant. There was de-
termined that a ratio of free ferulic acid in malt and ferulic acid re-
leased during mashing depends on barley variety. Also ratio of total
ferulic acid content in barley and free ferulic acid content in wort is
varietal specific.

An influence of malting technology (two levels of steeping degree,
temperature of germination and germination time) on ferulic acid con-
tent in laboratory wort was investigated in triennial laboratory trials.
It was found out malting technologies supporting 3-glucans and pro-
teins degradation (higher steeping degree, higher temperature and
longer time of germination) results in higher rate of ferulic acid re-
lease to solution. It is possible to reduce free ferulic content by malt-
ing technology, but at the price of malt extract decrease and the risk
of aggravated filterability increase. There were not found out fenolic
off flavor in beers prepared by two mash decoction mashing proce-
dure from malts with free ferulic content above critical limit 6 mg/L.
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