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Proteolytic enzymes (proteases) are widely represented in living organisms where they catalyze the hydrolysis of peptide bonds in
proteins and peptides. In malting barley, they are found in small quantities, and their activation takes place only in the process of con-
trolled germination — malt production. In germinating barley, proteases hydrolyze storage proteins to high molecular and low molecular
weight degradation products while simultaneously synthesizing other proteins. The final grain modification affects significantly quality of
the produced malts and subsequently also technology and characters of the produced beer.

BenesSova, K., Bélakova, S., Mikulikova, R., Svoboda, Z., 2018: Stanoveni aktivity proteolytickych enzym( béhem vyroby sladu.

Kvasny Prum. 64(6): 318—322

Proteolytické enzymy (proteasy) jsou Siroce zastoupeny v zivych organismech, kde katalyzuji hydrolyzu peptidovych vazeb v protei-
nech a peptidech. Ve sladovnickém je€meni se nachazeji v malém mnozstvi, k jejich aktivaci dochazi az pfi procesu fizeného kli¢eni
— vyrobé sladu. V kli¢icim je€meni proteasy hydrolyzuji zasobni proteiny na vysokomolekularni a nizkomolekularni stépné produkty za
souc€asné syntézy dalSich proteinll. Vysledné rozlusténi zrna velmi ovlivriuje kvalitu vyrobenych sladd a nasledné i technologii a vlast-

nosti vyrobeného piva.
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1 INTRODUCTION

Germination of barley is an important technological step in the pro-
duction of malt. A number of chemical, biochemical, physiological
and physical changes are held in barley grain. These changes are
connected with the growth and structural changes which depend on
the degradation of high-molecular substances leading to the modifi-
cation of grain. These transformations are conditioned by the activa-
tion and synthesis of a wide range of enzymes. Grain modification,
both cytolytic (release of non-starch polysaccharides from protein
bonds and cleavage to low-molecular products) and proteolytic (pro-
tein cleavage) is an important criterion of the produced malt quality
and consequently also quality and specific properties of individual
beers (Basafova et al., 2015). The degradation of storage proteins
during germination of barley and subsequently malt is ensured by
a large complex of proteolytic enzymes (Basafova et al., 2015;
Benedova et al., 2017) and both low molecular and high molecular
fission products are produced (Prokes, 2000).

Proteolytic enzymes (proteases) are divided into two basic groups
according to the cleavage site in the protein molecule: to endopepti-
dases and exopeptidases (Havlova, 1999). Exopeptidases are char-
acterized by cleaving the peptide chain from the end, always cleav-
ing off the terminal amino acid. They act mainly on oligopeptides and
polypeptides. Depending on their specificity, they can be divided into
carboxypeptidases, which attack the carboxyl terminus of the pep-
tide chain, and aminopeptides, which act from the N-terminus of the
peptides (Mostek, 1975). Exopeptidases occur in barley grains main-
ly at the sites of growth of new grain parts, i.e. in the germ and later
in the rootlets and the acrospire where the nitrogenous substances
from the endosperm are difunded. They are active mainly during ger-
mination of barley; kilning and mashing damage them (Mostek,
1975). Endopeptidases cleave the proteins at the certain sites in the
middle of the chain and do not attack the ends of the chain. There-
fore, they mainly act on proteins and higher polypeptides. Unlike
most other enzymes, proteases are not specific to a particular sub-
strate (protein) but they are specific to certain structural features of
the peptide chain. Therefore, within the peptide chain, cleavage oc-
curs only at some sites, i.e., before or after certain amino acid resi-
dues. For example, the digestive enzyme trypsin cleaves the peptide
bond at the sites where the amino acids arginine and lysine are
bound via the carboxyl group unless followed by proline. The endo-
peptidases present in barley malt are similar to those found in plant
enzyme papai.

Kli¢ova slova: Proteolytické enzymy, sladovani, rozlusténi zrna,
chromogenni substrat, azocasein

1 OvOoD

Kli¢eni je¢mene je dllezity technologicky krok ve vyrobé sladu.
Probihd pfi ném fada chemickych, biochemickych, fyziologickych
a fyzikalnich zmén je¢ného zrna. S témito zménami souviseji ristové
projevy a strukturalni zmeény zavislé na degradaci vysokomolekular-
nich latek vedouci k rozlusténi zrna. Tyto pfemény jsou podminéné
aktivaci a syntézou Siroké skaly enzymU. Rozlusténi zrna, a to jak
cytolytické (uvolriovani nesSkrobovych polysacharidl z vazeb s pro-
teiny a $tépeni na nizkomolekularni produkty), tak proteolytické (5té-
peni bilkovin), je vyznamnym kritériem v kvalité vyrabénych sladt
a nasledné i v kvalité a specifickych vlastnostech jednotlivych druh
piv (Basarova et al., 2015). Degradaci zasobnich proteint béhem
kliteni je¢mene a nasledné i sladu zajistuje velky komplex proteoly-
tickych enzym( (Basarova et al., 2015, BeneSova et al., 2017). Je-
jich ptsobenim vznikaji nizkomolekularni i vysokomolekularni stép-
né produkty (Prokes, 2000).

Proteolytické enzymy (proteasy) se déli na dvé zakladni skupiny
podle mista Stépeni v molekule proteinu na endopeptidasy a exopep-
tidasy (Havlova, 1999). Exopeptidasy jsou charakteristické tim, ze Sté-
pi peptidicky fetézec od konce, od$tépuji vzdy koncovou aminokyseli-
nu. Plsobi hlavné na oligopeptidy a polypeptidy. Podle specifi¢nosti je
Ize rozdélit na karboxypeptidasy, které napadaji karboxylovy konec
peptidového fetézce, a aminopeptidsy, které plsobi od N-konce pep-
tida (Mostek, 1975). Exopeptidasy se vyskytuji v jeéném zrnu hlavné
v mistech rlstu novych &asti zrna, tj. v kliku a pozdéji v kofincich
a stfelce, kam difunduji dusikaté latky z endospermu. Plsobi zejména
pfi kliceni je€mene, hvozdénim a rmutovanim se poskozuji (Mostek,
1975). Endopeptidasy Stépi bilkoviny na urCitych mistech uprostfed
fetézce, konce fetézcl nenapadaji. U¢inkuji proto pfevazné na bilko-
viny a vy$Si polypeptidy. Na rozdil od vétSiny ostatnich enzym( nejsou
proteasy specifické vici ur¢itému substratu (bilkoviné), ale jsou speci-
fické vO€i urCitym strukturnim znakdm peptidového Fetézce. Uvnitf
peptidového fetézce proto dochazi ke Stépeni jen na urcitych mistech,
tedy pfed nebo za ur€itymi aminokyselinovymi zbytky. Napf. travici en-
zym trypsin $tépi peptidovou vazbu v mistech, kde jsou pfes karboxy-
lovou skupinu vazany aminokyseliny arginin a lysin, pokud nenasledu-
je prolin. Endopeptidasy pfitomné v je€ném sladu jsou svymi
vlastnostmi podobné enzymu papainu vyskytujicimu se v rostlinach.

Endopeptidasy jsou dilezitymi enzymy z technologického hledis-
ka vyroby sladu a piva. P¥i klieni je asi 35—40 % bilkovin pfevedeno
do rozpustné formy, pfitom vznikaji ¢innosti peptidas predevsim niz-
komolekularni slou¢eniny, jako jsou oligopeptidy a aminokyseliny.
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Endopeptidases are important enzymes from the technological
point of view of malt and beer production. At germination, about
35-40% of the proteins are converted into a soluble form, primarily
low molecular compounds, such as oligopeptides and amino acids,
are produced by peptidase activity. The degradation of high-molecu-
lar proteins takes place in parallel with the synthesis of new proteins.
Part of the degradation protein products are used to form rootlets in
germinating barley. Low-molecular products are essential for yeast
nutrition. High-molecular degradation products favorably affect the
foaming power and the palatefulness of beer, and they adversely af-
fect turbidity. Insufficient hydrolysis of storage proteins causes prob-
lems with beer filterability, while excessive protein degradation is the
cause of the development of undesirable flavors and beer color. The
degree of protein degradation also affects the color of malt and wort
(Havlova, 1999; Kosar et al., 2000).

An important criterion of malt associated with the rate of proteo-
lytic degradation is Kolbach index expressing the ratio of soluble ni-
trogenous substances in the wort to their total malt content. The
value of this figure is typically between 35 and 45% (Basarova et al.,
2015). Malts with higher Kolbach index exhibit a higher enzymatic
activity (Gomez-Guerrero, 2009; Jin et al., 2013; Havlova, 1999).

During the germination process, proteins are initially digested by
endoproteases and subsequently by exopeptidases. Processes as-
sociated with the formation of soluble proteins during malting and
mashing are still not fully understood, cysteine proteases probably
play the most important role. The influence of other classes of endo-
proteases (metalloproteases, aspartate proteases, serine proteas-
es) is summarized in the review. (Jones, 2005).

The individual enzymes differ markedly from each other by their
origin, localization, physical and chemical properties, specificity,
mechanism of action, physiological properties and possibilities of
their practical use (Havlova, 1999). The optimum temperature and
pH for their activity vary between enzymes and their mixtures. The
determination of the protease activity is therefore complicated. Be-
sides azocasein, substrates such as gelatin and azo-gelatin (Jones
et al., 1998), casein, hemoglobin, hordein, and glutelin can be used
(Osman et al., 2002; Osman, 2003).

2 MATERIAL AND METHODS

2.1 Chemicals used

Sodium acetate trihydrate (Sigma-Aldrich, USA), Triton X-100 (Sig-
ma-Aldrich, USA), DTT (1,4-Dithio-DL-threitol), acetic acid (glacial)
Sigma-Aldrich, USA), trypsin protease (Sigma-Aldrich, USA), azoca-
sein protease substrate (Sigma-Aldrich, USA), trichloroacetic acid pa,
(Lach-ner), sodium hydroxide pa (Lach-ner), deionized water.

2.2 Selection of samples

Samples were obtained from a floor malting plant and were sampled
in a real process of malting. The set included samples of barley,
steeped barley, barley during germination, green malt, dry kilned malt,
and finished malt after degermination. The usual length of barley
steeping is three days: the length of steeping is 5 hours, the air break
is 17 hours. The temperature of the steeping water is 12 °C and the air
temperature 18 °C. At the end of steeping, the degree of steeping is
45%. Germination takes place on the malting floors for 4-5 days, usu-
ally at 18 °C. Turning malt is carried out with a maltomobile. At the end
of germination, the degree of steeping is approximately 44%. The total
kilning time is 36 hours. Regulation of the temperature between kilning
floors is carried out by opening cold draughts. The maximal tempera-
ture between the kilning floors at the end of kilning achieves 55 °C.
After dumping on the bottom floor, getting to the heating temperature
takes 5 hours, getting to the kilning temperature takes another 8 hours
and kilning at 85 °C lasts for 3 hours.

The samples are described in detail in Table 1.

2.3 Sample preparation

Enzymes were extracted from the samples by a modified method
according to Osman et al., (2002) and Bell (2012). 10g of barley, in-
termediaries or malt samples were weighed and added into 30 ml of
subcooled extraction solution (50 mM sodium acetate, pH 5.0 con-
taining 0.1% Triton X) and homogenized with a laboratory homoge-
nizer (Ika, 10,000 rpm ). The samples were extracted for 1 hour, then
centrifuged (5000 rpm, 10 min), the extract was filtered and used for
spectrophotometric assay. At the same time, the water content was
gravimetrically determined in the samples (EBC, 1998; Culik et al.,
2008) and Kolbach index (EBC 2010, 4.9.3).

Odbouravani vysokomolekularnich bilkovin probiha paraleiné se
syntézou novych proteinl. Cast $tépnych produktd bilkovin je pouzi-
ta k tvorbé kofinkl v kli¢icim je€meni. Nizkomolekularni produkty
jsou nezbytné pro vyzivu kvasinek. Vysokomolekularni §tépné pro-
dukty pfiznivé ovliviiuji pénivost a plnost piva, nepfiznivé se projevi
pfi tvorbé zakalu. Nedostate¢na hydrolyza zasobnich proteinl zpd-
sobi problémy s filtrovatelnosti piva, naopak nadmérné rozlusténi
bilkovin je pfi€inou vyvoje nezadoucich pfichuti a barvy piva. Stuperi
rozlusténi bilkovin ma vliv také na barvu sladu a sladiny (Havlova,
1999; Kosar et al., 2000).

Dulezitym kritériem sladu souvisejicim s mirou proteolytického
rozlusténi je hodnota Kolbachova ¢isla vyjadfujiciho pomér rozpust-
nych dusikatych latek ve sladiné k jejich celkovému obsahu ve sla-
du. Hodnota tohoto Cisla se ve svétlych sladech bézné pohybuje
mezi 35 a 45% (Basarova et al., 2015). Slady s vy§Sim Kolbacho-
vym Cislem vykazuji vy§8i enzymatickou aktivitu (Gomez-Guerrero,
2009; Jin et al., 2013; Havlova, 1999).

P¥i kliceni je€mene jsou proteiny zpocatku Stépeny endoproteasami
a nasledné exopeptidasami. Procesy spojené s tvorbou rozpustnych
proteinl béhem sladovani a rmutovani stale nejsou detailné pochope-
ny, avSak nejdllezitéjsi roli hraji pravdépodobné cysteinové proteasy.
Vliv dalSich tfid endoproteas (metaloproteasy, aspartatové proteasy,
serinové proteasy) pfehledné shrnuje review (Jones, 2005).

Jednotlivé enzymy se vzajemné velmi lisi pdvodem, lokalizaci, fy-
zikalné-chemickymi vlastnostmi, specifitou, mechanismem plsobe-
ni, fyziologickymi vlastnostmi i moznostmi jejich praktického vyuZiti
(Havlova, 1999). Optimalni teplota a pH pro jejich ¢innost jsou rGzné
jak pro jednotlivé enzymy, tak jejich smési. Stanoveni aktivity proteas
je proto komplikované. Jako substraty Ize pouzit kromé azocaseinu
napf. gelatin a azogelatin (Jones et al., 1998), kasein, hemoglobin,
hordein a glutelin (Osman et al., 2002; Osman, 2003).

2 MATERAL A METODY

2.1 Pouzité chemikalie

Octan sodny trihydrat (Sigma-Aldrich, USA), Triton X-100 (Sigma-
-Aldrich, USA), DTT (1,4-Dithio-DL-threitol), kyselina octova (ledova)
(Sigma-Aldrich, USA), enzym trypsin proteasa (Sigma-Aldrich,
USA), substrat azokasein proteasa (Sigma-Aldrich, USA), kyselina
trichloroctova p. a., (Lach-ner), hydroxid sodny p. a. (Lach-ner), dei-
onizovana voda.

2.2 Vybér vzorku

Vzorky pochazely z malé humnové sladovny a byly odebirany po-
dle planu v realném priabéhu sladovani. Slo o vzorky jeémene, na-
moceného je€mene, jeCmene v prubéhu kli¢eni, zeleného sladu,
odhvozdéného sladu a hotového sladu po odkli¢eni. Obvykla délka
maceni jeEmene je tfi dny, pfi¢emz délka namacky je 5 hod., délka
vzdus$né prestavky pak 17 h. Teplota méaceci vody je 12 °C a teplota
vzduchu 18 °C. Na konci naméacky se dosahuje stupné domoceni
45%. Kli¢eni probiha na humnech 4-5 dna, obvykle pfi 18 °C. Obra-
ceni sladu se provadi maltomobilem. Na konci kli¢eni je stupefi domo-
¢eni pfiblizné 44 %. Celkovy €as hvozdéni je 36 hodin. Regulace tep-
loty mezi liskami se provadi oteviranim studenych tah(. Maximalni
teplota mezi liskami v zavéru hvozdéni dosahuje 55 °C. Po sklopeni
na spodni lisku trva ndbéh na teplotu vyhfivani 5 hodin, ndbéh na do-
tahovaci teplotu dalSich 8 hodin a dotahovani pfi teploté 85 °C trva 3
hodiny.

Vzorky jsou podrobné popsany v tab. 1.

2.3 Priprava vzorku

K extrakci enzym( ze vzorkd byla pouzita modifikovana metoda
podle Osman et al. (2002) a Bell (2012). 10g vzorku je€émene, mezi-
produktld nebo sladu bylo odvazeno a zalito 30 ml podchlazeného
extrakéniho roztoku (50mM octan sodny, pH 5,0, ktery obsahoval
0,1% Triton X) a zhomogenizovano pomoci laboratorniho homogeni-
zatoru (lka, 10 000 min). Vzorky byly extrahovany 1 hodinu, poté
byly odstfedény (5000 min‘*, 10 minut), extrakt byl pfefiltrovan a po-
uZit ke spektrofotometrickému stanoveni. Soucasné byl ve vzorcich
vazkové stanoven obsah vody gravimetricky (EBC, 1998; Culik et
al., 2008) a Kolbachovo ¢islo (EBC 2010, 4.9.3).

2.4 Stanoveni aktivity proteolytickych enzymu

Metoda je zaloZena na principu pouziti chromogenniho substratu
azokaseinu, coz je protein kasein derivatizovany azobarvivem sulfa-
nilamidem. Proteolytické Stépeni substratu uvolfiuje volné azobarvi-
vo do okolniho roztoku. Zména barvy reakéniho roztoku je méfena
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Table 1 Samples of barley, intermediaries of malt and malt produc-
tion during malting

Tab. 1 Vzorky je€mene, meziproduktl vyroby sladu a sladu v pribé-
hu sladovani

Order of
the sample | Description Identification
Poradi Oznaceni Identifikace
vzorku
1 A barley steeping tank
je¢men_naduvnik
5 B1 barley 1%t day of steeping
jecmen_l. den maceni
3 B2 barley 2 day of steeping
jecmen_II. den maceni
4 C1 barley3“ofsteeping(1s'dayofgermination)
jeémen_lIl. den maceni (l. den kliceni)
2" day of germination
5 c2 11, den Kliceni
3" day of germination
6 cs 1ll. den kliceni
7 D1 4™ day of germination (green malt) —wet
V. den kliceni (zeleny slad) — mokry
8 D2 green malt — prekilned
zeleny slad — prfedsouseny
9 D3 green malt — bottom kiln floor
zeleny slad — spodni liska
Malt
B E Slad
malt culms
12 F sladovy kvét

2.4 Determination of activity of proteolytic enzymes

The method is based on the use of a chromogenic substrate of
azocasein — casein protein derivatized with azo-dye with sulfanila-
mide. The proteolytic cleavage of the substrate releases the free azo
dye to the surrounding solution. The color change of the reaction
solution is measured photometrically and is proportional to the activ-
ity of the enzyme acting. The activity of proteolytic enzymes was
determined spectrophotometrically. 100 pl of sample extract, 395 pl
of reaction buffer (100mM sodium acetate, pH 5.0), 5 pl of DTT
(1,4-Dithio-DL-threitol, 1 mM) solution and 500 ul of a azocasein so-
lution (1% w/v) were pipetted into a 2ml plastic tube. Control assay
(blank) consisted of 495 ul of reaction buffer, 5 pl of DTT solution and
500 pl of azocasein solution. The solutions were vortexed and incu-
bated in a water bath at 36 °C for 1 hour. The reaction was ended by
addition of 700 pl of trichloroacetic acid solution (15% w/v), the solu-
tions were remixed and frozen for 15 minutes to precipitate the unre-
acted azocasein completely, after that centrifuged on a microcentri-
fuge for 5 minutes (13,000 rpm) and 1ml of the supernatant was
collected into 1 cm thick quartz cells. The absorbance at 330 nm was
measured spectrophotometrically and the activity was subtracted
from the calibration curve developed according to section 2.5. The
results were recalculated to the dry matter content.

2.5 Preparation of the calibration curve

The calibration dependence was constructed using trypsin pro-
tease (Bell, 2012). A trypsin solution of a defined activity (U/mg of dry
matter, ca 0.5 mg/ml in reaction buffer) was prepared and a calibra-
tion dependency within 10-1000 U of trypsin in the reaction buffer
was prepared by successive diluting. The activity of the enzyme was
determined according to the procedure described in paragraph 2.4.
The calibration curve is constructed as a dependence of absorbance
on the trypsin activity (Fig. 7).

3 RESULTS AND DISCUSSION

Over the period 2014-2018, totally 132 samples of barley, malt
production intermediaries and finished malt were analysed. The re-
sults of the protease activity were recalculated to the dry matter con-
tent. In 2014 one trial sampling was carried out, in 2015-2017 there
were always three samplings and in 2018 one sample was collected.

Kalibrace azocasein/ Azocasein calibration
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UTrypsin

Fig. 1 Calibration dependence of trypsin
Obr. 1 Kalibraéni zavislost trypsinu

fotometricky a je Umérna aktivité plsobiciho enzymu. Aktivita pro-
teolytickych enzymd byla stanovena spektrofotometricky. Do 2ml
plastové zkumavky bylo napipetovano 100 ul extraktu vzorku, 395 pl
reakéniho pufru (100mM octan sodny, pH 5,0), 5 yl roztoku DTT
(1,4-Dithio-DL-threitol, 1 mM) a 500 I roztoku azokaseinu (1% w/v).
Kontrolni stanoveni (blank) — sestavalo z 495 ul reak¢éniho pufru, 5 pl
roztoku DTT a 500 pl roztoku azokaseinu. Roztoky byly fadné promi-
chany (vortex) a inkubovany ve vodni lazni pfi teploté 36 °C 1 hodi-
nu. Reakce byla zastavena pfidanim 700 pl roztoku kyseliny trichlo-
roctové (15% wi/v), roztoky byly znovu promichany a po dobu 15
minut zmrazeny, aby dos$lo k Uplnému vysrazeni nezreagovaného
azokaseinu. Poté byly odstfedény na stolni mikrocentrifuze 5 minut
(13 000 min') a 1ml supernatantu bylo odebrano do kfemennych
kyvet o tloustce 1cm. Spektrofotometricky byla méfena absorbance
pfi 330 nm a aktivita byla odec¢tena z kalibra¢ni zavislosti sestrojené
dle bodu 2.5. Vysledky byly pfepocitany na obsah susiny.

2.5 Priprava kalibraéni kfivky

Kalibraéni zavislost byla sestrojena s pouzitim enzymu trypsin pro-
teasy (Bell, 2012). Byl pfipraven roztok trypsinu o definované aktivité
(U/mg susiny, cca 0,5 mg/ml v reakénim pufru) a z néj byla postup-
nym fedénim pfipravena kalibraéni zavislost v rozmezi 10 — 1000
U trypsinu v reakénim pufru. Aktivita enzymu byla stanovena postu-
pem uvedenym v odstavci 2.4. Kalibra¢ni kfivka je konstruovana
jako zavislost absorbance na aktivité trypsinu (obr. 1).

3 VYSLEDKY A DISKUSE

Celkem bylo v letech 2014-2018 analyzovano 132 vzork(l jeCme-
ne, meziproduktd pfi vyrobé sladu a hotového sladu. Vysledky aktivi-
ty proteas byly pfepocitany na obsah susiny. V roce 2014 byl prove-
den 1 zku$ebni odbér, v letech 2015-2017 vzdy tfi odbéry a v roce
2018 1 odbér. Kombinovana standardni nejistota metody byla stano-
vena z 10 opakovanych méfeni aktivity proteolytickych enzymu
ve vzorku sladu a byla 18 %.

Pramérné hodnoty aktivity proteolytickych enzymd v jeémeni se
pohybovaly od 197 mU/g susiny do 718 mU/g susiny, coz je srovna-
telné s vysledky Gomez-Guerrero, 2009 a Bell, 2012. V hotovém
odhvozdéném sladu se primérné hodnoty pohybovaly v rozmezi
2501 az 3165 mU/g susiny. Ziskané vysledky potvrzuji zavéry dal-
§ich autorq, ze aktivita proteolytickych enzym0 v pribéhu sladovani
prudce vzrista, tfikrat az pétkrat (Havlova, 1999; Jones et al., 2000;
Gomez-Guerrero, 2009; Bell, 2012). Béhem faze maceni jeCmene
se aktivita vyraznéji nezvySuje a k vyraznému zvySeni dochazi az
béhem kli¢eni (obr. 2).

Podle nékterych autord dochazi po pocate¢nim narlstu ve 4. dni
kli€eni k ubytku aktivity endopeptidas a potom nasleduje dalsi nardst
az do Sestého dne. To je zplisobeno syntézou specifickych inhibitor
endopeptidas. Tento protein tvori s endopeptidasami komplex, ve kte-
rém je jejich aktivita Uplné nebo ¢aste¢né inhibovana (Mikola a Suo-
linna, 1969; Havlova 1999). Narust aktivity proteas se snizuje az bé-
hem hvozdéni (teplota 55 °C, fab. 1), a déle se jiz jejich aktivita



Determination of proteolytic enzyme activity during malting

Kvasny Prum.
64/2018 (6)

321

a malting / sladovani 2015

2500 r

- —

2000

1500 *

1000

500 | ] | = l—’

= —-[—Iilr s  n T T
0 -

A Bl B Ca @ a

D1 D3 E

b malting /sladovéani 2017

2500 +

2000 +°

1500 +
1000 -

o +e.-_l__,..._l__, 885 8 58
A B1 B2 (@ Q a D1 D2 D3 D4

E

Fig. 2a, 2b Activity of proteolytic enzymes during malting
Obr. 2a, 2b Aktivita proteolytickych enzymd béhem sladovani

The combined standard uncertainty of the method was determined
from 10 repeated measurements of proteolytic enzyme activity in
a malt sample, and it was 18%.

The average values of the activity of proteolytic enzymes in barley
moved from 197 mU/g of dry matter to 718 mU/g of dry matter, which
is comparable with the results of Gomez-Guerrero (2009) and Bell
(2012). The average values in the finished kilned dried malt ranged
from 2501 to 3165 mU/g of dry matter. The results obtained confirm
the conclusions of other authors that the activity of proteolytic en-
zymes increases sharply during malting, three to five times (Havlova,
1999; Jones et al., 2000; Gomez-Guerrero, 2009; Bell, 2012). During
the phase of barley steeping, the activity does not increase signifi-
cantly and the increase does not take place until germination (Fig. 2).

Some authors reported that on the 4" day of germination after an
initial increase, the endopeptidase activity declines, a further in-
crease follows until the sixth day. This is caused by the synthesis of
specific endopeptidase inhibitors. This protein forms a complex with
endopeptidases in which their activity is totally or partially inhibited.
(Mikola and Suolinna, 1969; Havlovéa, 1999). The increase in the ac-
tivity of proteases only declines during kilning (temperature 55 °C,
Table 1) and further their activity does not change markedly (Jones
et al., 2000; Gomez-Guerrero, 2009). Proteases are thus thermosta-
bile. Enzymes are inactivated at the temperature of 70-80° C (Hav-
lova, 1999), this corresponds to the kilning temperature (85° C, 3
hours, see section 2.2). In some cases, the highest activity of pro-
teases was recorded in the produced malts. Some research also
suggests that the activity of some proteases may increase in the final
phase of the malting process (Jones et al., 2000). Further, the rela-
tionship between Kolbach index and endoprotease activity in the
produced malts was studied. The highest proteolytic activity was re-
corded in malts with Kolbach index between 36.6 and 37.4% and in
addition, in malt with Kolbach index 44.4% (Fig. 3), which approxi-
mately corresponds to the data reported by Jin et al. (2014).

4 CONCLUSIONS

Over the period of 2014-2018, activity of proteolytic enzymes dur-
ing the malting process was mapped in the samples collected from
a small floor malthouse. Proteases catalyze hydrolysis of peptide
bonds in proteins and peptides, During germination, they cleave
storage proteins (hordeins and glutelins) to amino acids and low mo-
lecular weight peptides of varying sizes which can be further used for
rooting in germinating barley and later for nutrition of yeast during the
brewing process. They are of great importance because some as-
pects of beer production are affected by the amount of proteins, pep-
tides and amino acids present in the wort. It was confirmed that the
protease activity increases during the malting process. Endoproteas-
es are formed in green malt, and due to high temperatures during
kilning, the proteolytic activity of malt is not reduced.
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vyrazné neméni (Jones et al., 2000; Gomez-Guerrero, 2009). Protea-
sy jsou tedy termostabilni. K inaktivaci enzymud dochazi pfi teploté
70-80 °C (Havlova, 1999), coz odpovida dotahovaci teploté hvozdéni
(85 °C, 3 hodiny, viz odst. 2.2). V nékterych pfipadech byla aktivita
proteas nejvy$si ve vyrobenych sladech. Né&které vyzkumy rovnéz
uvadeéji, Ze mize dojit ke zvySeni aktivity nékterych proteas v kone¢né
fazi sladovaciho procesu (Jones et al., 2000). Déle byl sledovan vztah
mezi Kolbachovym ¢&islem a aktivitou endoproteas ve vyrobenych sla-
dech. NejvysSi proteolytickou aktivitu vykazovaly slady s Kolbacho-
vym C&islem mezi 36,6 a 37,4% a déle slad s Kolbachovym &islem
44,4% (obr. 3), coz pfiblizné odpovida Gdajum autord Jin et al. (2014).

4 ZAVER

V letech 2014-2018 byla zmapovana aktivita proteolytickych enzy-
mU béhem sladovaciho procesu ve vzorcich odebranych z malé
humnové sladovny. Proteasy katalyzuji hydrolyzu peptidovych vazeb
v proteinech a peptidech. P¥i kli¢eni jeEmene $tépi jeho zasobni pro-
teiny (hordeiny a gluteliny) na aminokyseliny a nizkomolekularni
peptidy rdzné velikosti, které mohou byt dale vyuzivany pro tvorbu
kofinkd v kli¢icim jeémeni a pozdéji pro vyzivu kvasinek béhem va-
feni piva. Maji velky vyznam, protoze nékteré aspekty vyroby piva
jsou ovlivnény mnozstvim bilkovin, peptidd a aminokyselin pfitom-
nych v mladiné. Bylo potvrzeno, Ze aktivita proteas v pribéhu slado-
vaciho procesu vzrista. Endoproteasy se tvofi v zeleném sladu a vli-
vem vysokych teplot pfi hvozdéni nedochazi ke sniZeni proteolytické
aktivity sladu.
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