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Sladovani je fizené kliceni zrna jeémene za urcitych podminek do okamziku modifikace zrna a je zakladnim kamenem pivovarnického
a lihovarnického priimyslu. Cilem sladovani je vyrobit z jeémene slad, obsahujici potfebné enzymy a aromatické i barevné latky nezbytné
pro vyrobu uréeného druhu piva. Dllezitou slozkou tohoto procesu je aktivita proteolytickych enzyma, nejenom pfi degradaci zasobnich
bilkovin, ale také pfi dalSich aspektech procesu kli€eni, napfiklad pfi aktivaci dalSich enzymu. Rozlusténi zrna je vyznamnym kritériem
kvality vyrabénych sladt a nasledné i kvality a specifickych vlastnosti jednotlivych druhi piv.

BeneSova, K., Bélakova, S., Mikulikova, R., Svoboda, Z., 2017: Activity of proteolytic enzymes during malting and brewing.
Kvasny Prum. 63, No. 1, pp. 2—7

Malting is controlled germination of barley grain under certain conditions to the time of grain modification and it is a key process of the
brewing and distilling industries. The aim of malting is to produce from barley malt containing the necessary enzymes, aroma and color
substances needed for the production of a certain type of beer. An important part of this process is the activity of proteolytic enzymes,
not only during the degradation of storage proteins but also in other aspects of the germination process, for example activation of other
enzymes. Grain modification is an important criterion for the quality of produced malts and subsequently the quality and specific charac-
teristics of different types of beers.

Benesova, K., Bélakova, S., Mikulikova, R., Svoboda, Z.,2017: Die Aktivitat der proteolythischen Enzymen im Laufe des Keimungs
— Bierherstellungsprozesses. Kvasny Prum. 63, Nr. 1, S. 2-7

Der Malzprozess ist unter bestimmten Bedingungen eine gesteuerte Keimung des Gerstenkernels bis zur Kernmodifikation und stellt
einen Grundstein der Brau- und Spirituosenindustrie dar. Der Endpunkt des Malzens ist aus der Gerste ein Malz herzustellen, das alle
zum des bestimmten Bier Typs notwendige Enzymen, Aromatische- und Farbstoffe enthéalt. Eine wichtige Komponente dieses Prozesses
ist die Aktivitat der proteolythischen Enzymen nicht nur bei der Degradation von Vorratsproteinen aber auch bei den weiteren Keimungs-
prozessaspekten, z.B. bei der Aktivitat der weiteren Enzymen. Die Kernaufléssung stellt ein wichtiges Kriterium der Malzqualitat nicht

vom hergestellten Malz aber auch von der Bierqualitat und spezifischen Eigenschaften der einzelnen Biersorten dar.
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1 UVOD

Rezervni latky obsazené v zrnu jeCmene jsou pfi skladovani
ve stabilni vysokomolekularni formé. Enzymy jsou pfitomny v malém
mnozstvi. Pfi maceni dojde ke zvySeni obsahu vody v zrnu, pfi na-
sledné fazi, kli€eni, k aktivaci a syntéze enzym, které Stépi zasobni
makromolekularni latky na rozpustné nizkomolekularni produkty.
Tento proces je nazyvan rozlusténi zrna a je vyznamnym kritériem
v kvalité vyrabénych druh( sladli a nasledné i v kvalité a specifickych
vlastnostech jednotlivych druht piv (Basarova et al., 2015). Jedna se
pfedev§im o rozruSeni bunéénych stén a nasledné o rozstépéni
Skrobovych zrn a bilkovinnych fetézcu. Pfi kli¢eni se snizuje obsah
Skrobu a zvysSuje obsah cukrl, nerozpustné vysokomolekularni bil-
koviny se musi pfeménit v rozpustné nizkomolekularni $tépné pro-
dukty. Tim se zméni celkové mnozstvi bilkovin.

Ze sladarského hlediska jsou zvlasté dulezité enzymy. Sklizeny
sladovnicky je€men obsahuje v poskliziiové zralosti v aktivni nebo
latentni formé velké mnozstvi enzym( a jejich prekurzor(i (Kosar et
al., 2000). Pasobeni enzymu se projevuje v jednotlivych fazich vyvo-
je zrna a v celém sladarsko-pivovarském procesu v rizné mire. Ze
hydrolas, které je mozno rozdélit do ¢tyf skupin (cytolytické enzymy,
proteolytické enzymy, fosfatasy, amylasy) a tfidy oxidoreduktas,
za nimi potom nasleduji transferasy, lyasy, isomerasy a ligasy. V pi-
vovarském procesu maji vedouci ulohu hydrolasy, pfedevsim ve var-
nim procesu, ostatni tfidy enzym0 se ve vétsi mife uplatiuji pfi kva-
Seni. Zastupci jednotlivych tfid enzym( jsou uvedeni v tab. 1.

Keywords: proteolytic enzymes, barley, malt

1 INTRODUCTION

During storage, reserve substances contained in barley grain are
in a stable high-molecular form. Enzymes are present only in a small
amount. During steeping, water content in grain increases, during
the following phase, germination, enzymes which cleave macro-mo-
lecular substances to soluble low-molecular products, are activated
and synthesized. This process is called modification of grain, it is an
important criterion of quality of produced kinds of malts and subse-
quently also of quality and specific features of the individual kinds of
beers (Basafova et al., 2015). Cell walls are disrupted and subse-
quently starch granules and protein chains are split. During steeping,
starch content declines and sugar content increases, dissoluble
high-molecular proteins must be converted in soluble low-molecular
degraded products. Thus the total amount of protein is changed.

In malting terms, enzymes are of a special importance. In post-har-
vest maturity, harvested malting barley contains, in active or latent
forms, a huge amount of enzymes and their precursors (Kosar et al.,
2000). The activity of enzymes varies in the individual phases of the
grain development and the entire malting and brewing process. From
the malting point of view, enzymes of the hydrolasis group can be
classified as the most important enzymes. They can be divided into
four groups (cytolytic enzymes, proteolytic enzymes, phosphatases,
amylases) and the class of oxidoreductases, followed then by trans-
ferases, lyases, isomerases, and ligases. Hydrolases play a key role
mainly in the brewing process, other classes of enzymes are then
more active during fermentation. The representatives of the individu-
al classes of enzymes are given in Table 1.
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Tab. 1 Jednotlivé tfidy enzymu (Kosar et al., 2000)

Table 1 Individual classes of enzymes (Kosar et al., 2000)

Predstavitelé jednotlivych tfid enzymu:

Representatives of the individual classes of enzymes:

EC1 - lipoxygenasa, superoxid dismutasa, katalasa, ECT - lipoxygenase, superoxide dismutase,
oxidoreduktasy | peroxidasa, polyfenoloxidasa oxidoreductases catalase, peroxidase, polyphenol oxidase
EC2- transglukosidasy: D — enzym, P — enzym, EC 2 - transferases transglucosidases: D - enzyme,
transferasy Q — enzym P —enzyme, Q - enzyme

EC 3 — hydrolasy |esterasy: lipasy, fosfatasy

karbohydrasy: a-amylasa, B-amylasa, limitni
dextrinasa, R-enzym, maltasa, sacharasa
hemicelulasy Stépici B-glukany a pentozany:
B-glukanasa, solubilasa, xylobiasa,
arabinosidasa, xylanasy

Stépici peptidové vazby: endopeptidasy

a exopeptidasy

EC 4 — lyasy aldolasa, karboxydismutasa

EC 5 — isomerasy | ribulasa-5fosfat-epimerasa

EC 6 — ligasy Acetyl-CoA-karboxylasa

Hydrolytické enzymy jsou nejdllezitéjSimi enzymy pfi vyrobé sla-
du a sladiny, ale i v dalsim procesu vyroby piva. PFi procesu sladovani
a rmutovani se uplatiuji pfedevSim hydrolasy, které Stépi esterové
vazby. Patii sem velka skupina enzymu stépicich lipidické slozky
(lipasy) a fosfore¢né estery (fosfatasy), dale Stépici glykosidové vaz-
by 8krobu, hemicelulos a celulos, tzv. karbohydrasy. Sem patfi amy-
lolytické enzymy a oligosacharidasy (a-amylasa, B-amylasa, malta-
sa, limitni dextrinasa, R-enzym, sacharasa), hemicelulasy (enzymy,
které Stépi glukany a pentosany) a celulasy (enzymy, které odstépu-
ji z celulosy odpovidajici dextriny) a hydrolasy Stépici peptidové vaz-
by (endopeptidasy a exopeptidasy).

2 PROTEOLYTICKE ENZYMY

Proteolytické enzymy (proteasy) katalyzuji S$tépeni bilkovin
(obr. 1). Vedle amylas jde o nejdllezitéjSi hydrolytické enzymy. Tyto
enzymy katalyzuji Stépeni peptidické C-N vazby, fada z nich vSak
vykazuje dalsi aktivity — esterovou, koagulaéni, transpeptidasovou
(Vodrazka, et al., 1991). Vzajemné se lisi plvodem, lokalizaci, fyzi-
kalné-chemickymi vlastnostmi, specifitou, mechanismem plsobeni,
fyziologickymi funkcemi i moznostmi jejich praktického vyuziti. Uvnitf
peptidového fetézce dochazi ke Stépeni jen na urCitych mistech, tj.
pfed nebo za ur€itymi aminokyselinovymi zbytky (Havlova, 1999).
Obecné Ize celou podtfidu enzym( (EC 3.4) rozdélit podle mista $té-
peni v molekule proteinu na endopeptidasy a exopeptidasy. Endo-
peptidasy Stépi struktury bilkovin zevnitf jejich struktury, jejichz sek-
vence aminokyselin jsou specifické pro aktivitu urcitého enzymu,
a exopeptidasy na koncich fetézce bilkovin.

Proteasy mGzeme také podle mechanismu jejich plisobeni a inhi-
bice jednim nebo vice specifickymi inhibitory rozdélit do 4 tfid: (Bell,
2012): 1) cysteinové proteasy, jejichZz aktivita nastava prostfednic-
tvim cysteinového fragmentu pfitomného v jejich aktivnim misté.
Tato tfida je specificky inhibovana trans — epoxysuccinyl — L — leucy-
lamido — (4 — guanidino) butanem (E — 64) a stimulovana reduk&nimi
¢inidly, jako napfiklad dithiothreitolem (DTT) a B-merkaptoethano-
lem, 2) metaloproteasy, které vyzaduji pfitomnost kovového iontu
(obvykle zinku) v aktivnim misté a jsou specificky inhibovany chela-
torem 1, 10 fenantrolinem, ktery ma vysokou afinitu k zinku, 3) aspar-
tatové proteasy, které katalyzuji hydrolyzu substratu bez tvorby ko-
vovych meziproduktd, tyto jsou specificky inhibovany pepstatinem A,
a 4) serinové proteasy, které katalyzuji hydrolyzu substratu pfes
hydroxylovou skupinu serinového zbytku v aktivnim misté a podob-
nym zpUsobem jako cysteinové proteasy, tedy tvorbou kovalentnich
meziproduktl. Jejich specifickym inhibitorem je fenylmetansulfonyl
fluorid (PMSF).

3 PRQTEOLYTICKI'\ AKTIVITA
V PRUBEHU SLADOVANI

Degradaci zasobnich proteind v kli¢icim zrnu jemene zajistuje
velky komplex proteolytickych enzym0 a probiha ve tfech fazich: po-
¢atecni hydrolyza specifickych bilkovin (hlavné globulinll) je in situ
katalyzovana endopeptidasami pfitomnymi v embryu. Tato faze pro-
teolysy je zakladni pro tvorbu aminokyselin, které jsou néasledné
vyuzity pro syntézu protein(. V dalsi fazi odbouravani proteint se
vyskytuje rychla proteolyticka aktivita, kdy dochazi k syntéze endo-

EC 3 - hydrolases esterases: lipases, phosphatases
carbohydrases: a-amylase, B-amylase, limit
dextrinase, R-enzyme, maltase, saccharase
hemicellulases degrading -glucans and
pentosans: B-glucanase, solubilase,
xylobiase, arabinosidase, xylanase

peptide bond: degrading endopeptidases
and exopeptidases

EC 4 - lyases aldolase, carboxydismutase
EC 5 - isomerases ribulase-5 phosphate-epimerase
EC 6 - ligases Acetyl-CoA-carboxylase

Hydrolytic enzymes are the most important enzymes at production
of malt and sweet wort as well as in other brewing processes. Hydro-
lases play a role namely during the malting and mashing processes,
they cleave ester linkages. They comprise a large group of enzymes
cleaving lipid components (lipases) and (phosphorus esters phos-
phatases), further, glycosidic bonds of starch, hemicelluloses and
celluloses, so-called carbohydrases. They include amylolitic en-
zymes and oligosaccharidases (a-amylase, f-amylase, maltase, li-
mit dextrinase, R-enzyme, saccharase), hemicellulases (enzymes
cleaving glucans and pentosans) and cellulases (enzymes that
cleave from cellulose corresponding dextrins) and hydrolases cleav-
ing peptidic bonds (endopeptidases and exopeptidases).

2 PROTEOLYTIC ENZYMES

Proteolytic enzymes (proteases) catalyze protein cleavage (Fig. 7).
Besides amylases, they are the key hydrolytic enzymes. These en-
zymes catalyze the cleavage of the peptide C-N bonds but many of
them also have other activities — ester, coagulation, transpeptidase
(Fig. 1). (Vodrazka et al., 1991). They differ mutually by their origin,
localization, physical and chemical properties, specificity, mecha-
nism of operation, physiological functions and possibilities of their
practical use. The cleavage inside the peptide chain occurs only at
certain sites, i.e. before or behind certain amino acid residues (Hav-
lova, 1999). Generally, the whole subclass of enzymes (EC 3.4) can
be split according to the site of cleavage in protein molecule to endo-
peptidases and exopeptidases. Endopeptidases cleave protein
structures from inside, sequences of amino acids are specific for the
activity of a certain enzyme and exopeptidase at the ends of the pro-
tein chain.

Based on the mechanism of operation and inhibition by one or
more specific inhibitors, proteases can be split into four classes:
(Bell, 2012): 1) cysteine proteases, the activity of which is induced by
a cysteine fragment present at their active site. This class is specifi-
cally inhibited by trans-epoxysuccinyl-L-leucylamido-(4-guanidino)
butane (E-64) and stimulated by reduction agents, such as dithioth-
reitol (DTT) and B-mercaptoethanol, 2) metaloproteases, which re-
quire the presence of a metal ion (usually zinc) at the active site and
are specifically inhibited by chelator 1, 10 fenantrolin with high zinc
affinity, 3) aspartic proteases, which catalyze hydrolysis of the sub-
strate without creating metal intermediaries, they are inhibited specif-
ically by pepstatin A, and 4) serine proteases, which catalyze hydro-
lysis of substrate through the hydroxyl group of a serine residuum at
the active site and similarly as cysteine protease, i.e. by creation of
covalent intermediaries. Their specific inhibitor is phenylmethanesul-
fonyl fluoride (PMSF).

3 PROTEOLYTIC ACTIVITY DURING
MALTING

Degradation of storage proteins in germinating barley grains is en-
sured by a large complex of proteolytic enzymes in three phases:
initial hydrolysis of specific proteins (mainly globulines) is in situ cat-
alyzed by endopeptidases present in the embryo. This phase of pro-
teolysis is principal for formation of amino acids which are subse-
quently used for protein synthesis. In the further phase of protein
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Obr. 1 Schéma &tépeni bilkovin béhem sladovani (Narziss, 1985)

peptidas. Tyto enzymy jsou vylu¢ovany do endospermu, kde de-
graduji hlavni zasobni proteiny (prolaminy a gluteliny) na peptidy
a aminokyseliny. Nasledné jsou peptidy dale degradovany na ami-
nokyseliny exopeptidasami v prabéhu treti faze proteolyzy (Ross
Guerin, 1993). Aktivita proteas béhem kli¢eni 5 — 6krat stoupa (Hav-
lova, 1999) a béhem hvozdéni sladu a pfi pfipravé mladiny se snizu-
je (Jones et al., 1993). V prvni fazi degradace protein(i pfi kliceni
jsou Stépeny proteiny ve Stitku a aleuronové vrstvé. Rozpustné pep-
tidy produkované proteasami slouzi jako substrat pro karboxypepti-
dasy, které je degraduji na aminokyseliny. V dal$i fazi se proteasy
podileji na degradaci bunéénych stén Skrobovych zrn v endospermu
a hydrolyzuji rezervni proteiny (hordeiny a gluteliny) lokalizované
v endospermu.

Endopeptidasova aktivita je tvofena nejméné péti enzymy (Basa-
fova et al., 2015). Z 90% jsou to dva sulfhydrylové enzymy, které
inhibuje p-chlormercuribenzoat a maji optimalni pH pfi 3,9-5,5. Zby-
lych 10% zaijistuji tfi enzymy s aktivitou zavislou na kovovych ion-
tech (tzv. metaloenzymy) s optimalnim pH 5,5-6,9 a 8,5. Tyto enzy-
my jsou inhibovany kyselinou ethylendiamintetraoctovou (EDTA).
Optimalni podminky pro plisobeni endopeptidas jsou mezi 45-50 °C.
Optimalni pH a teplota zavisi na molekulové hmotnosti $tépenych
slou¢enin (Havlova, 1999). Za nejdulezitéjsi endoproteasy ve sladu
byly oznaceny cysteinové proteasy, které uvolfiuji pfi klic¢eni amino-
kyseliny z hordeinud a glutelin(. V usu$eném sladu zustava az 90 %
jejich aktivity, ale pfi rmutovani se uplatni jen 1% z jejich mozné ak-
tivity vzhledem k pomérné vysokym optimalnim hodnotam pH (Basa-
fova et al., 2015). Exopeptidasy odstépuji z vnéjsich koncl molekul
proteinG jednoduché aminokyseliny. Ve sladu jsou pfitomné Ctyfi
neutralni aminopeptidasy s optimalnim pH 7,0-7,2 a jedna alkalicka
leucin-aminopeptidasa s optimalnim pH 8,0-10,0, které odstépuji
aminokyseliny z aminového konce peptid(, a dipeptidasa, ktera $té-
pi dipeptidy na aminokyseliny. Optimalni teplota jejich plsobeni je
40-50 °C, optimalni pH jsou velmi odlisna a zavisla na pH prostredi.
PFi nizkych teplotach a su$eni sladu se tyto enzymy inaktivuji a ne-
maji zakladni vyznam pro zvy$eni hladiny aminodusiku v mladinég.
Karboxypeptidasami je nazyvano celkem pét enzymd, které odstépuiji
aminokyseliny z karboxylového konce protein(. Jsou inhibovany diiso-
propylfosfatem (DFP). Maji rGznou substratovou aktivitu a optimalni
pH mezi 4,8-5,6. Jsou nejvice teplotné rezistentni ze vSech proteoly-
tickych enzyma sladu. Optimalni teplota ptsobeni je 40-50 °C a jsou
inaktivovany pfi teplotach nad 70 °C. Jejich optimalni pH je nejblizsi
hodnoté pH rmutd, proto je 80 % uvolnénych aminokyselin nasledné
béhem rmutovani zajisténo témito enzymy (obr. 2).

Autofi John et al. (1975) sledovali vztah mezi Kolbachovym &is-
lem, které udava pomér rozpustného dusiku ve sladiné k celkovému
obsahu dusiku ve sladu, a proteolytickou aktivitou a vyvoj endopep-
tidas béhem sladovani. Vysledky ukazaly, Ze slady s nizkym Kolba-
chovym ¢&islem vykazuji pomérné malou aktivitu endopeptidas, je-li
Kolbachovo ¢&islo na 38 %, pak proteolyticka aktivita silné stoupa. Pfi
sledovani vyvoje aktivity endopeptidas autofi zjistili, ze se jejich akti-

Fig. 1 Scheme of protein cleavage during malting (Narziss, 1985)

degradation, endopeptidases are synthesized due to rapid proteolyt-
ic activity. These enzymes are secreted into the endosperm where
they degrade main storage proteins (prolamins and glutelins) to pep-
tides and amino acids. Subsequently, peptides are further degraded
to amino acids by exopeptidases during the third phase of proteoly-
sis (Ross Guerin, 1993). During germination and malt kilning, the
activity of proteases increases 5 — 6times (Havlova, 1999) and it de-
creases during preparation of sweet wort (Jones et al., 1993). In the
first phase of protein degradation, during germination, proteins are
degraded in the scutellum and aleuron layer. Soluble peptides pro-
duced by proteases serve as a substrate for carboxypeptidases,
which are degraded to amino acids. In a further phase, proteases
contribute to the degradation of cell walls of starch granules in
the endosperm and hydrolyze reserve proteins (hordeins and glute-
lins) occuring in the endosperm.

Endopeptidase activity is formed by at least five enzymes
(Basarova et al., 2015). Two sulfhydryl enzymes form 90%, they are
inhibited by p-chlormercuribenzoate and have optimal pH at 3.9-5.5.
The remaining 10% are three enzymes with the activity depending
on the metal ions (so-called metaloenzymes) with optimal pH 5.5—
—6.9 and 8.5. These enzymes are inhibited by ethylenediamint-
etraacidic acid (EDTA). The optimal conditions of the endopeptidase
activity are between 45-50 °C. The optimal pH and temperature de-
pend on molecular weight of the cleaved compounds (Havlova,
1999). Cystein proteases releasing amino acids from hordeins and
glutelins during germination were identified as the most important en-
doproteases in malt. As much as 90% of their activity remain in dried
malt but only 1% of their possible activity is utilized during mashing
due to their relatively high optimal pH values. (Basarova et al., 2015).
Exopeptidases cleave simple amino acids from the external ends of
protein molecules. Four neutral aminopeptidases with optimal
pH 7.0-7.2 and one alkali leucine-aminopeptidase with optimal pH of
8.0—10 which cleave amino acids from the amino end of peptides,
and dipeptidase which cleaves dipeptides to amino acids are present
in malt. The optimal temperature of their activity is 40-50 °C, optimal
pH values are very different and depend on the pH environment. At low
temperatures and during malt drying, these enzymes inactivate and are
of no principal significance for increasing the level of amino nitrogen in
sweet wort. Carboxypeptidases comprise totally five enzymes that
cleave amino acids from the carboxyl-terminal end of protein. They are
inhibited by diisopropyl phosphate (DFP). They have differing substrate
activity and optimal pH between 4.8-5.6. Of all proteolytic malt en-
zymes, carboxypeptidases are thermally the most resistant. The opti-
mal temperature of their activity is 40-50 °C and they are inactivated
at temperatures over 70 °C. Their optimal pH is close to that of
mashes, therefore, 80% of the released amino acids are subse-
quently cleaved during mashin by these enzymes (Fig. 2).

The authors John et al., 1975 followed the relationship between
Kolbach index which gives the rate between soluble nitrogen in
sweet wort and the total nitrogen content in malt, and proteolytic ac-
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Reakce katalyzovana aminopeptidasami / Reaction catalyzed by aminopeptidases
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Obr. 2 Plsobeni proteolytickych enzym( (Métyan et al., 2013) / Fig. 2 Activity of proteolytic enzymes (Motyan et al., 2013)

vita az do 3. dne kli¢eni podstatné nezvysuje. Az na poc¢atku tfetiho
dne aktivita prudce narlsta a po 4. dnu zase klesd, potom nasleduje
dalsi narlst aktivity az do 6. dne sladovani. Autofi dospéli k zaveéru,
Ze po 4. dnu kli¢eni se syntetizuje specificky inhibitor endopeptidas.
Takové inhibitory popsali také Mikola a Suolinna (1969). Jedna se
o protein, ktery tvofi s dotyénymi endopeptidasami reversibilni reakci
komplex inhibitor enzymu (Mikola, 1983). V tomto komplexu je pak
aktivita enzymu zcela nebo ¢astecné inhibovana.

4 VLIV STUPNE ROZ!.U§TENi BiLKOVIN
NA TECHNOLOGII VYROBY PIVA

Z hlediska technologie vyroby piva je rozhodujici stupen hydrolyzy
proteini dosazeny pfi sladovani. Se stoupajicim obsahem bilkovin
ve sladu stoupéa koncentrace rozpustnych dusikatych latek v mladiné
a pivu. Obsah §tépnych produktll v mladiné je prevazné zavisly
na kvalité sladu. Koncentrace rozpustnych dusikatych latek ve sladu
a v mladiné je v poméru 1:2 (Havlova, 1999). Vliv stupné rozlusténi
bilkovin na jakost piva je mnohostranny. Nejsilngéji se projevuje vliv
na pénivost piva. Obsah bilkovin v je€émeni nad 11 % zvySuje péni-
vost, nizsi nez 9,5 % pénivost snizuje. Dllezity je podil vysokomole-
kularnich Stépnych produktd bilkovin a glykoproteini s vysokou
viskozitou, ktera podporuje pénivost (Cizkova et al., 2006). Stupen
rozlusténi bilkovin mé vliv také na chlebnatost a plnost chuti piva,
dalekosahlé rozlusténi bilkovin je pFi€inou prazdné chuti piva (Havlo-
va, 1999). Znamé jsou i vlivy na chemicko-fyzikalni stabilitu piva,
nebot proteinové frakce se z pfiblizné 55 % podileji na vzniku chlado-
vého zakalu piva. Nedostate¢né proteolytické rozlusténi sladu ovliv-
fuje filtrovatelnost piva. Pfedpoklad proteolyzy a tedy optimaini slo-
Zeni dusikatych latek mladiny Ize v praxi odhadnout z analyzy
kongresni sladiny, zahrnujici stanoveni volného aminodusiku podle
hodnoty rozdilu extraktu v moucce a $rotu a z ur€eni aktivity proteas.

tivity and development of endopeptidases during malting. The re-
sults showed that malts with low Kolbach index exhibited a relatively
low endopeptidase activity while with Kolbach index 38% proteolytic
activity strongly increased. While monitoring the development of the
endopeptidase activity, the authors found out that their activity did
not substantially increase till the third day of germination. At the be-
ginning of the third day, the activity steeply increased and after the
fourth day it again declined, then it again increased to the sixth malt-
ing day. The authors concluded that after the fourth day of germina-
tion a specific inhibitor of endopeptidases was synthesized. Such
inhibitors were also described by Mikola and Suolinna (1969). It is
a protein, which with relevant endopeptidases forms a complex of
inhibitors of enzymes through a reversible reaction (Mikola, 1983).
The activity of the enzyme in this complex is then completely or par-
tially inhibited.

4 THE EFFECT OF THE LEVEL OF
PROTEIN MODIFICATION ON THE
BREWING TECHNOLOGY

In terms of the brewing technology, the degree of protein hydroly-
sis achieved during malting is crucial. With increasing protein content
in malt, concentration of soluble nitrogenous substances in sweet
wort and beer increases. Content of degraded products in sweet wort
prevailingly depends on malt quality. Concentration of soluble nitrog-
enous substances in malt and sweet wort is in rate 1:2 (Havlova,
1999). The effect of the degree of protein modification on beer qual-
ity is multiple. Beer foam is most strongly affected. Protein content in
barley above 11% improves foam power, content below 9.5% reduc-
es it. The rate of high-molecular protein degradation products and
glycoproteins with high viscosity, which promotes foaming, is also
important (Cizkova et al., 2006). The degree of protein modification
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5 METODY STANOVENI PROTEOLYTICKE
AKTIVITY

Nejrozsitenéj$imi postupy ke stanoveni proteolytickych enzymu
se staly metody zaloZené na pfirlistku absorbance reakéniho rozto-
ku v ultrafialové oblasti svétla (280 nm), zplisobeného tvorbou pepti-
da, které jsou rozpustné i v pfitomnosti kyseliny trichloroctové (Kuni-
tz, 1947). Modifikaci této metody pro viditelnou oblast umoznil
pridavek fenolového €inidla (Anson, 1939). Uvedené dnes uz klasic-
ké metody jsou komplikované z hlediska technického provedeni, raz-
norodost pouzitych substratd neumoziuje unifikaci metody a nejsou
tedy vhodné k rutinni analyze (Havlova, 1999). Nizkomolekularni
chromogenni a vysokomolekularni substraty proteas, vyvijené a po-
uzivané v 70. letech 20. stoleti, jsou sitované proteiny, které obsahu-
ji kovalentné navazana reaktivni barviva. Jde napf. o 4-nitroanilidy
aminokyselin a peptidli (Rick, 1974; Kasafirek et al., 1989). Tyto sub-
straty jsou specifické, coz ma vyhodu pfi stanoveni aktivity jedné
proteasy ve smési proteolytickych enzymd, jejich nevyhodou je v§ak
Spatna manipulovatelnost, slozita pfiprava, tvorba nestabilniho pr-
chavého produktu a interference zbarvenych slozek prostredi s chro-
moforem produktu (Havlova, 1999). Tyto nevyhody nemaji substraty
chromolytického typu pfipravené z proteind (albumin hovéziho séra,
ovoalbumin, kasein, denaturovany kolagen apod.), sitované v mis-
tech nékterych primarnich amino-nebo thiolovych skupin elektrofilni-
mi bifunkénimi €inidly, na které je navazano reaktivni barvivo, napfr.
Remazol Brilliant Blue R (Fukal et al., 1983; Kas et al., 1983).

Dal$imi vhodnymi substraty pro stanoveni proteolytické aktivity
mohou byt napfiklad azocasein (Bell, 2012), gelatin a azogelatin (Jo-
nes et al., 1998), kasein, hemoglobin, hordeiny a gluteliny (Osman et
al., 2002; Osman, 2003).

Ke studiu aktivity proteolytickych enzym( a jejich inhibitorli béhem
sladovani je mozno pouzit i elektroforetickych metod (Wrobel and
Jones, 1992 a; b; Osman et al., 2002).

6 ZAVER

Dusikaté latky jsou obsazeny v zrnu je€mene ve formé rozdilné
rozpustnych frakci albumind, globulint, hordeind, glutelini a jejich
$tépl. Nebilkovinné dusikaté slozky predstavované dusikatymi ba-
zemi, fosfatidy a amidy tvofi jen maly podil a jsou pfitomné prevazné
v kli¢ku. Z technologického hlediska dal$iho zpracovani jsou dulezi-
tymi slozkami je€mene enzymy, pfitomné jak v latentni, tak v aktivni
formé. Dusikaté latky maji v zrnu rlizny vyznam a béhem kli¢eni pro-
délavaji znacné zmény. Dochéazi k vyraznému Stépeni rezervnich
protein v endospermu vlivem plsobeni zvysujici se aktivity proteo-
lytickych enzym( a do rozpustné formy prechazeji i neproteinové
dusikaté latky. Beéhem hydrolyzy jsou zasobni bilkoviny pfeménény
na peptidy, popfipadé az na aminokyseliny. Proteolyticka aktivita je
velice vyznamnym faktorem. Pfi vyrobé sladu je tak uvolfiovano
do kapaliny zna¢né mnozstvi aminokyselin, které mohou dale slouzit
jako vyziva pro kvasinky, pro tvorbu biomasy, nebo mohou tvofit za-
klad pro aroma finalniho vyrobku. V poslednich letech také vychazi
najevo, ze to jsou pravé rezidua bilkovin, kterd zapfi€inuji tvorbu
a stabilitu pény a zakalu piva.
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also affects bready flavor and palatefulness, extensive modification
of proteins is a cause of empty beer taste (Havlova, 1999). The ef-
fects on chemical and physical beer stability are also known as pro-
tein fractions contribute approximately from 55% to chill haze in beer.
Insufficient proteolytic malt modification affects beer filterability.
Thus, the optimal composition of nitrogenous substances in sweet
wort can be in practice predicted from the analysis of congress wort
including the determination of free amino nitrogen based on the val-
ue of the difference of extract in fine flour and grist and from protease
activity assay.

5 METHODS FOR THE DETERMINATION
OF PROTEOLYTIC ACTIVITY

The most widely methods used for the determination of proteolytic
enzymes became the assays based on the increase in absorbance
of the reaction solution in the ultraviolet light area (280 nm), due to
the formation of peptides which are soluble in the presence of trichlo-
roacetic acid (Kunitz, 1947). Modification of this method for the visi-
ble region was allowed by the addition of phenol reagent (Anson,
1939). These classic methods are complicated in terms of their tech-
nical performance, different substrates prevent unification of the
method and thus they are not suitable for routine analyses (Havlova,
1999). Low molecular weight and high molecular chromogenic sub-
strates of proteases which were developed and used in the 1970s,
are cross-linked proteins, which contain covalently linked reactive
dyes, such as for example 4-nitroanilids of amino acids and peptides
(Rick, 1974; Kasafirek et al., 1989). These substrates are specific,
which is advantageous for the determination of activity of one prote-
ase in the mixture of proteolytic enzymes, however, the disadvan-
tage is difficult handleability, complex preparation, formation of an
unstable volatile product and interference of colored environment
components with product chromophore (Havlova, 1999). This disad-
vantage was not recorded in chromolytic substrates prepared
from proteins (bovine serum albumin, ovoalbumin, casein, denatur-
ated colagen etc.) cross-linked at the sites of some primary or thiol
groups by electrophilic bifunctional agents with a reactive dye such
as Remazol Brilliant Blue R (Fukal et al., 1983; Kas et al., 1983).

Other suitable substrates for the determination of the proteolytic
activity include for example azocasein (Bell, 2012), gelatin, and azo-
gelatin (Jones et al., 1998), casein, hemoglobin, hordeins and glute-
lins (Osman et al., 2002; Osman, 2003).

Electrophoretic methods can also be used for study of the activity
of proteolytic enzymes and their inhibitors during malting (Wrobel
and Jones, 1992 a; b; Osman et al., 2002).

6 CONCLUSION

Nitrogenous substances are contained in barley grain in a form of
differently soluble fractions of albumins, globulins, hordeins, glutelins
and their fractions. Non-protein nitrogenous components, represent-
ed by nitrogenous bases, phosphatides and amides, form only a mall
portion occurring mainly in the germ. From the technological point of
view of further processing, enzymes which are present both in the
latent and active forms, are important barley components. Nitroge-
nous substances in grain play various roles and undergo consider-
able changes during germination. Storage proteins in the endosperm
are cleaved by an increased activity of proteolytic enzymes, non-pro-
tein nitrogenous substances are also dissolved. During hydrolysis,
storage proteins are converted to peptides or amino acids. The pro-
teolytic activity is a very important factor. During malt production,
a considerable amount of amino acids is released to liquid serving
subsequently as nutrition for yeasts or forming biomass or basis for
aroma of the final product. It has been also shown recently that pro-
tein residues can cause foam formation and stability and beer haze.
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o Visegrad Fund

Ve dnech 9.-10. listopadu 2016 usporadal VUPS, a.s., jako
soucast grantového programu Mezinarodniho Visegradského fondu
mezinarodni seminaf "Heritage of traditional beverages quality".
Program seminare

November 9, 2016

9:00 Welcome by Research Institute of Brewing and Malting

9:10 Influence of breweries demands on production of malting bar-
ley (Zajgczkowski Tomasz, Malteurop Polska, Poland)

9:30 Malt production and barley types (Fogarasi Attila Levente,
Boortmalt, Hungary)

10:10 Brewing in the Czech Republic (Dostalek Pavel, University of
Chemical Technology Prague, Czech Republic)

10:30 Beer production and consumption in Slovakia (Smogrovicova
Daniela, Caplova Julia, Slovak University of Technology in
Bratislava, Slovakia)

10:50 Beer consumption in Hungary (Kun-Farkas Gabriella, Szent

Istvan University, Hungary)
11:10 The Polish brewing scene (Kordialik-Bogacka Edyta, Lodz
University of Technology, Poland)
Extraordinary innovation for Czech beer market (Kosin Petr,
Savel Jan, Broz Adam, Budéjovicky Budvar, Czech Republic)
Gluten-free beers (Kiss Zsuzsanna, Szent Istvan University,
Hungary)
Inspirational brewing: Ideas and impulses for biotechnological
application (Mike$ Jifi, Spacek Pavel, Laish Avi Ben, TER-
AMED, s.r.o., CHEMCOMEX Praha, a.s., ABIRT, Czech Re-
public, Israel)
Use of non-Saccharomyces yeast for beer production
(Kochlanova Tatiana, Kopecka Jana, Matoulkova Dagmar,
Masaryk University Brno, Research Institute of Brewing and
Malting, Czech Republic)
The influence of PET bottle composition and storage condi-
tions on beer ageing (Smogrovi¢ova Daniela, Bachar Dusan,
Kovéacikova Dana, Faculty of Chemical and Food Technology,
Slovak University of Technology in Bratislava, Hurbanovo
Brewery, Heineken Slovensko, a.s., Slovakia)

11:30

13:00

13:20

13:40

14:00

V4 workshop — Heritage of traditional
beverages qualityPrague, November, 2016

14:20 Practical ways how to supress primary gushing (PoStulkova
Michaela, Branyik Tomas, Rizicka Marek, Fiala Jaromir , Uni-
versity of Chemical Technology Prague, Institute of Chemical
Process Fundamentals of the Czech Academy of Sciences,
Research Institute of Brewing and Malting, Czech Republic)
LC-HRMS. A tool for senzomic maping of beer and its raw
materidl (OlSovska Jana, Dusek Martin, Research Institute of
Brewing and Malting, Czech Republic)

Viticulture and enology for maintaining and restoring cultural
identity wine regions in Moravia (Sochor Jifi, Fiala Jaromir,
Markel Martin, Barori Mojmir, Matoulkovd Dagmar, OlSovska
Jana, Kubizniakova Petra, Mike§ Jifi, Mendel university in
Brno, Research Institute of Brewing and Malting, Masaryk Uni-
versity Brno, TERAMED, s.r.0. Czech Rebublic)

Hops production in the Czech Republic (Pokorny Jaroslav,
Patzak Josef, Hop Research Institute, Co.Ltd. Zatec, Czech
Republic)

Czech Beer in the Context of Changing Consumption Patterns
in Europe Vinopal Jifi (Institute of Sociology of the Czech
Academy of Sciences, Czech Republic)

V4 project results (Fiala Jaromir, Balastik Milan, Kordialik-
Bogacka Edyta, Kun-Farkas Gabriella, Smogroviéové Danie-
la, Research Institute of Brewing and Malting Czech University
of Life Sciences Prague, Lodz University of Technology, Szent
Istvan University, Slovak University of Technology in Bratisla-
va, V4 - Czech Republic, Poland, Slovakia, Hungary)

14:40

14:50

15:30

15:50

16:20

November 10, 2016

9:00 Technical visit - Research Institute of Brewing and Malting
(Analytical Testing Laboratory — OlSovska Jana, Technologi-
cal Department — Slaby Martin. Department of Microbiology —
Matoulkova Dagmar)

Vice informaci na: http://www.beerresearch.cz/index.php?option=
com_content&view=article&id=311&ltemid=214&lang=cs

Souhrny prednasek budou zvefejnény v ¢&isle 2/2017 Kvasného
prdmyslu.



