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K ziskani rychlé informace o extraktu zrna je€émene je pouzivan vztah podle Bishopa, ktery byl ziskan experimentalné a pro potfeby
moderniho sladovnictvi byl nékolikrat modifikovan. Stanoveni pfesného obsahu extraktivnich latek zrna je asové naroéné a provadi se
po sladovani zrna v kongresni sladiné dle metodiky EBC 4.5.1. Cilem této prace bylo stanovit extrakt pfimo v zrnu je€mene jarniho
pomoci enzymatickych preparatd na bazi proteas, celulas, xylanas, 3-glukanas a amylas. Tyto enzymy rozkladaji jednotlivé slozky zrna
podobnym zpUsobem jako pfirozené enzymy ve sladu, proto neni nutné zrno sladovat. Zrno je¢émene neobsahuje potfebné enzymy pro
rozklad obsahovych latek zrna. Pfiprava je€ného sladu s aktivnim enzymatickym aparatem trva v mikrosladovné pfiblizné 10 dni. Firma
GENENCOR International® vyrabi kompletni sadu enzym pro rozklad extraktivnich latek obilného zrna. Jako nejvyhodnéjsi bylo expe-
rimentalné ovéreno poradi enzymi celulasa — xylanasa — B-glukanasa — a-amylasa — B-amylasa spole¢né s proteasou. Aplikaci téchto
enzymU do roztoku s obsahem rozemletého zrna (tzv. hrubé mleti) a jeho filtraci vznikne sladina, ktera je svym slozenim podobna kon-
venéni sladiné ziskané ze sladu. Pouzitim faktoru 1,13 je dosazeno korekce na hodnoty blizici se hodnotam extraktu v moucce dle EBC.

Gregor, T. — Cerkal, R. — Hfivna, L. — Sottnikova, V.: Determination of extract in barley grain by the enzymatic way. Kvasny Prum.
57,2011, No. 7-8, p. 236-241.

The Bishop correlation is used in order to obtain fast information regarding the extract of barley grain. The Bishop correlation was de-
veloped experimentally and has been modified several times to adjust to the requirements of the modern malting practice. Establishment
of the exact content of the extractive grain substances is time-consuming, and it is carried out after malting the grain in the congress
wort according to the EBC method 4.5.1. The aim of this study was to establish the extract directly from the spring barley grain by the
means of enzymatic preparations based on proteases, cellulases, xylanases, $-glucanases, and amylases. These enzymes decompose
individual components of the grain in a similar way the natural enzymes in malt do, therefore, there is no need to malt the grain. The
barley grain does not contain the necessary enzymes that are able to break down the extractive grain substances. The preparation of
barley malt containing active enzymatic apparatus takes approximately 10 days in the micro malt house. The company GENENCOR In-
ternational® has developed a complete set of enzymes for extractive cereal grain substances decomposition. It was experimentally verified
that the following sequencing of the enzymes was the most favorable cellulase — xylanase — B-glucanase — a-amylase — -amylase
together with protease. Application of these enzymes into a solution containing crushed grain (so-called preliminary crushing) and by fil-
tration of this solution, wort is created. Its composition is similar to that of the conventional wort obtained from malt. By using the 1.13
factor, correction to values nearing the values of the extract in malt according to EBC is achieved.

Gregor, T. — Cerkal, R. — Hfivna, L. — Sottnikova, V.: Die enzymatische Bestimmung des Extrakts im Gerstenkorn. Kvasny Prum.
57, 2011, Nr. 7-8, S. 236-241.

Zur schnellen Extraktbestimmung im Gerstenkorn wurde eine Bishop’s Beziehung angewandt, die experimental gewonnen wurde und
mehrmals modifiziert worden war. Die genaue Bestimmung des Korngehalts an Extraktstoffe ist zeitraubend und wird laut Methodik
EBC 4.5.1 nach Kornmalzen in der Kongresswiirze durchgefiihrt. Der Artikel befasst sich mit der direkten Bestimmung des Extrakts im
Sommergerstenkorn mittels enzymatischen Préparaten auf Basis von Proteasen, Zellulasen, Xylanasen, g-Glukanasen und Amylasen.
Diese Enzyme splittern einzelne Komponente des Kornes auf &hnlicher Weise wie die naturellen Enzyme im Malz, dadurch ist es nicht
notwendig das Gerstenkorn zu malzen. Das Gerstenkorn enthalt keine notwendigen Enzyme zur Spaltung der Extraktstoffe. Die Vorbe-
reitung des Gerstenmalzes mit Zugabe eines aktiven enzymatischen Praparates in einer Mikromalzerei dauert etwa zehn Tage. Zur Spal-
tung der Exktraktstoffen des Korns liefert die Firma GENENCOR International® komplette Enzymensets. Als die beste Folge der Enzyme
wurde experimental festgestellt: Zellulase — Xylanase — B-Glukanase — a-Amylase — f-Amylase zusammen mit Protease. Durch Zugabe
von Enzymen in die Lésung mit grobgemahlten Malz (grobe Mahlung) entsteht die Wiirze mit einer Zusammensetzung, die wie die aus
dem Malz hergestellte Konventwdirze ahnlich ist. Durch die Anwendung des Faktors 1,13 wird die Korrektion zu den Extraktwerten néh-
renden sich zu den Werten laut Methodik EBC im Mehl erreicht.

Klicova slova: jecmen, slad, Bishop, enzymy, sladina, EBC

1 UVoD

Extrakt je jednim z nejdUlezitéjSich kritérii jakosti sladu. Je to souhrn
vSech latek sladu, které jsou pfimo rozpustné ve vodé nebo po en-
zymatickém rozkladu pfechézeji v prabéhu rmutovani do sladiny [2].
Extrakt prfedstavuje rozpustné latky bilkovinné povahy, tvorené ami-
nokyselinami, oligopeptidy a polypeptidy, dale latky sacharidické po-
vahy, kam patfi pfedev§im monosacharidy a oligosacharidy, z nichz
kromé linearnich oligosacharidi jsou pfitomné i rozvétvené dextriny.
Dalsi latky, které se v extraktu nachazeji, jsou mineralni a polyfeno-
lické latky, malé mnoZzstvi lipidG a vitamin(. Obsah extraktu a pfesnost
jeho stanoveni ovliviiuje fadu technologickych procesu i samotny vy-

Keywords: barley, malt, extract, Bishop, enzymes, wort, EBC

1 INTRODUCTION

Extract is the key quality parameter of malt. It is the sum of all sub-
stances contained in malt that are directly water-soluble or transfer
into wort during mashing after enzymatic decomposition [2]. Extract
represents soluble substances of protein nature formed by amino
acids, oligopeptides and polypeptides. Moreover, it includes sub-
stances of saccharide nature, among which mainly monosaccharides
and oligosaccharides belong. Besides linear oligosaccharides,
branched dextrins are also present. Other substances contained in ex-
tract are mineral and polyphenolic substances, a small amount of lipids
and vitamins. The extract content and the accuracy of its determination



Stanoveni extraktu v zrnu je¢mene enzymatickou cestou

KVASNY PRUM.
57 /2011 (7-8)

237

sledek — vytéZnost findlniho produktu, tedy piva. Z tohoto diivodu se
pivovarska analytika jiz dfive snazila nalézt souvislost mezi chemic-
kym slozenim zrna je€mene a extrakiem ve sladu. Kritérii pro rychlé
zhodnoceni kvality jeémene byly zejména procenticky obsah bilkovin,
obsah Skrobu a extrakt v je€meni [3]. Také dnes jsou v praxi obecné
pozadovany rychlé, ale pfesné metody predikce kvality vstupni suro-
viny, v€. obsahu extraktu.

Stanoveni obsahu extraktu v nesladovaném zrnu je€émene se pfi-
mou metodou pfipravy kongresni sladiny v praxi neprovadi. Obilka
jemene nema potfebné mnozstvi hydrolytickych enzym(i pro odbou-
rani v ni obsazenych polymerl. K ziskani informace o predbézném
obsahu extraktivnich latek v zrnu je€mene je pouzivan pavodni vztah
podle Bishopa z roku 1930 [4], ve kterém je do vypoctu zahrnut obsah
bilkovin a hmotnost tisice zrn:

E=K-(0.85.B) +(0.15. G)

kde E — extrakt sladu v susiné [%]
K — Bishopem udavana konstanta 83,0
B — obsah bilkovin v susiné zrna [%]
G — hmotnost tisice zrn v susiné [g]

Vztah byl ziskan experimentalné a byl pro potfeby moderniho sla-
dovnictvi nékolikrat modifikovan [3, 5]. Na zakladé praktickych pokust
a analytickych praci upravili vzorec pro vypocet extraktu sladu pro
tehdejsi ¢eskoslovenské je¢meny napf. Novotny, Karabec [3] (koefi-
cient K mél hodnotu 83,6). VSechny tyto vztahy pouzivaji k vypoctu
udaje o slozeni obilky je€mene, ktera obsahuje 80—88 % susSiny a 12—
14 % vody. Susinu tvofi organické (dusikaté a bezdusikaté slouce-
niny) a anorganické latky [6]. Vlhkost je potom z vySe uvedenych
vztah( eliminovana uvedenim hodnot bilkovin a hmotnosti tisice zrn
vztazené na susinu jeCmene.

Jako alternativa k témto matematickym metodam vypoctu extraktu
v jeCmeni se pouziva stanoveni na principu rozkladu zrna je¢mene
pomoci enzym, bud pramyslovych nebo izolovanych ze sladu. K me-
todam, které pouzivaji enzymy izolované ze sladu, patfi metoda podle
Grafa [7]. Pfi pouziti této metody je nutné ziskat enzymaticky preparat
ze sladu, u néhoz je znamy obsah extraktu, ten je potom pfidan za
podminek metody ke vzorku je€mene. Obsah extraktu je nasledné
ur€en na zakladé hustoty odectem z pfislusnych tabulek. Na obdob-
ném principu pracuji i metody Dinklageho, nebo Lierse a Millera [8],
které misto enzymU ze sladu pouzivaji primyslové enzymy. Zaklad
téchto metod byl poloZen v padesatych letech minulého stoleti, kdy
nebylo mozné pouzit tak Siroké spektrum enzym( jako dnes. Z tohoto
dlvodu byla u téchto metod nutna sloZitéj$i a ¢asoveé naroc¢na pfi-
prava vzorkl jeémene, ktera spocivala ve vareni je¢ného Srotu v de-
finovaném objemu vody, teprve potom nasledovala aplikace enzym(.

Pokud pouzijeme enzymy jiné, nez plavodni sladové enzymy, po-
tykdme se s problémem, zdali tyto enzymy budou mit dostate¢ny po-
tencial k rozkladu vech slozek zrna je€mene a jejich pfevedeni do
roztoku. Vhodna volba enzymU pfimo souvisi se sloZzenim zrna je¢-
mene, jak je zndzornéno v tab. 1.

Ve vztahu k uvedenému sloZeni zrna jsou dllezité nasledujici sku-
piny enzymu:

termostabilni a-amylasy (EC 3.2.1.1),

p-amylasy (EC 3.2.1.2, EC 3.2.1.10),

proteasy (EC 3.4.11.1-EC 3.4.11.24),

celulasy (EC 3.2.1.4),

xylanasy (EC 3.2.1.8, EC 3.2.1.32, EC 3.2.1.37),

B-glukanasy (EC 3.2.1.6).

S vyhodou Ize dnes vyuzit nabidky firem produkujicich tyto en-
zymy. Jednou z nich je i firma GENENCOR International®, ktera vy-
rabi kompletni sadu enzymu pro rozklad obilného zrna. V praxi je
tento soubor enzymu vyuzivan predevsim pro pfipravu sladkych za-
par pfi vyrobé bioethanolu. Jako nejvhodnéjsi se pro ucely ziskani
extraktu ze zrna jevi aplikace enzym( v poradi: enzymy $tépici pen-
tozany a celulosu (celulasa, xylanasa, $-glukanasa), dale termosta-
bilni a-amylasa pro zmazovaténi a ztekuceni Skrobu a v poslednim
kroku zcukfujici f-amylasa spole¢né s proteasou pro rozklad bilkovin
[9, 10, 11, 12].

2 MATERIAL A METODY
2.1 Enzymatické pfipravky

Enzymatické preparaty byly dodany firmou GENENCOR Interna-
cional®, USA. Enzymy je nutné uchovavat v lednici pfi 5 °C, pIna u¢in-

impact a range of technological processes as well as the result as
such — the yield of the final product, beer. This is the reason why the
brewery analytics has always tried to find correlation between the
chemical composition of the barley grain and the extract in malt. The
criteria for a fast barley quality evaluation were mainly the percentages
of the protein content, the starch content, and the extract in barley [3].
Nowadays, fast as well as accurate methods of quality prediction of
the input material, including the extract content, are required.

In practice, establishment of the extract content in unmalted barley
grain is not conducted by the direct method of congress wort prepa-
ration. Barley caryopsis does not have the required amount of hy-
drolytic enzymes to break down the polymers contained in the cary-
opsis. To obtain information on the preliminary content of extractive
substances in the barley grain, the original correlation according to
Bishop from 1930 is used [4]. According to this correlation, the protein
content and thousand grain weight is included in the calculation:

E=K-(0.85.B) +(0.15. G)

E - extract of malt in dry matter [%]

K — constant of 83.0 according to Bishop

B — protein content in dry matter of grain [%]
G - thousand grain weight in dry matter [g]

The correlation was developed experimentally and was modified
several times in order to match the requirements of modern malting
practice [3, 5]. Based on practical experiments and analytical studies,
the formula for malt extract calculation for Czechoslovak barley vari-
eties was adjusted by, for example, NovoTNy, KARABEC [3] in the past
(the K coefficient had the value of 83.6). For the calculation, all these
correlations use data known for the barley caryopsis that has the con-
tent of 80-88% of dry matter and 12—-14% of water. The dry matter
is composed of organic (nitrogenous and non-nitrogenous com-
pounds) and anorganic substances [6]. The humidity is then excluded
from the above presented correlations by stating the protein and thou-
sand grain weight values related to the barley dry matter.

As an alternative to these mathematical methods of barley extract
calculation, the extract establishment based on the principle of barley
grain decomposition by either industrial enzymes or enzymes isolated
from maltis used. The method according to Graf is one of the methods
that use enzymes isolated from malt [7]. When using this method, it
is necessary to obtain an enzymatic preparation from malt in which
the extract content is known. It is then added to the barley sample
under the conditions of the method. After that, the extract content is
established on the basis of the density by subtraction from the appli-
cable tables. Methods according to Dinklage, or Luers and Miller [8]
are based on similar principles; however, they use industrial enzymes
instead of enzymes from malt. The groundwork of these methods was
founded in the 50s of the last century when it was not possible to em-
ploy such a wide spectrum of enzymes as it is today. These methods
required a more complicated and time-consuming barley samples
preparation consisting of cooking barley grist in a predefined water
volume. Only after that, enzymes application could have followed.

If we use enzymes other than the original malting ones, the problem
might be that these enzymes will not have sufficient potential to de-
compose all the components of the barley grain and will not be able
to transform these components into a solution. A suitable choice of
enzymes directly relates to the barley grain composition, as displayed
in Tab. 1.

In relation to the presented grain composition, the following groups
of enzymes are important:

Thermostable a-amylases (EC 3.2.1.1),

B-amylases (EC 3.2.1.2, EC 3.2.1.10),

proteases (EC 3.4.11.1—EC 3.4.11.24),

cellulases (EC 3.2.1.4),

xylanases (EC 3.2.1.8, EC 3.2.1.32, EC 3.2.1.37),

B-glucanases (EC 3.2.1.6).

Presently, one is able to take advantage of good deals offered by
companies that produce these enzymes. One of the companies is
GENENCOR International® who manufacture a complex set of en-
zymes for cereal grain decomposition. In practice, this set of enzymes
is used mostly for preparation of fresh mashes in bioethanol produc-
tion. The following sequencing of enzymes seems to be most suitable
for the purpose of obtaining extract from the grain: enzymes decom-
posing pentosanes and cellulose (cellulase, xylanase, 3-glucanase),
followed by thermostable a-amylase for gelatinization and liquidation
of starch, and during the last step, p-amylase (for its saccharification
effect) together with protease to aid protein decomposition [9, 10, 11,
12].
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Tab. 1 Chemické slozeni obilky je€mene [6] / Chemical composition of barley caryopsis [6]

nost pfi takovémto uskladnéni je garantovana jeden rok, s kazdym
dalsim rokem uskladnéni klesa uc¢innost enzymu asi o 15 %.

2.1.1 OPTIMASH™ TBG

Tento enzym redukuje viskozitu je€émennych a pSeni¢nych zapar.
Enzym OPTIMASH™ TBG obsahuje kombinaci enzym0 typu f3-glu-
kanas (EC 3.2.1.2), které efektivné modifikuji a $tépi neSkrobnaté po-
lysacharidy, stavebni materialy rostlinnych bunék. Vyhodou pouziti
OPTIMASH™ TBG je hydrolyza neSkrobovych sacharid(, které jinak
zvySuji viskozitu zapary. NejvySSi aktivitu ma enzym pfi 60-70 °C
v rozmezi hodnot pH 4-4,6. Pfi udané teploté je doba plsobeni mi-
nimalné 30 minut.

2.1.2 OPTIMASH™ VR

Tento enzym je schopny redukovat viskozitu a intenzivné Stepit latky
na bazi pentozan v zrnu p$enice, zZita a je¢émene. OPTIMASH™ VR
obsahuje kombinaci celulasy (EC 3.2.1.4) a xylanas (EC 3.2.1.8, EC
3.2.1.82, EC 3.2.1.37), které efektivné pfemeriuji a Stépi neSkrobnaté
sacharidy. Vykazuje i aktivitu p-glukanasy (EC 3.2.1.6). Stépi tedy
hlavné celulosu, arabinoxylany, v mensi mife také f-glukany, které
jsou ve vazbé spole€né s ligninem, pektiny, proteiny, Skrobem a lipidy.
Nejvyssi aktivitu ma enzym pfi 60-70 °C v rozmezi hodnot pH 4,5-5.
PFi udané teploté je doba plsobeni minimalné 30 minut.

2.1.3 SPEZYME® ALFA

Tento enzym obsahuje termostabilni a-amylasu (EC 3.2.1.1) s vy-
nikajici stabilitou pfi nizkém pH. Endoamylasa v enzymu SPEZYME®
ALFA nahodné hydrolyzuje a-1,4-glykosidické vazby s rychlou re-
dukci viskozity zelatinujiciho $krobu v obilnych zaparach, produkuje
rozpustné vétvené dextriny a linearni oligosacharidy. Nejvy$si aktivitu
ma enzym pfi 83-95 °C v rozmezi hodnot pH 5,4-5,8. Pfi udané tep-
loté je doba pusobeni minimalné 90 min.

2.1.4 DISTILLASE® CS

Tento enzym se vyuziva k uplnému zcukfeni nastépéného Skrobu
az na maltosu a glukosu. Je to exoamylasa (EC 3.2.1.2, EC 3.2.1.10),
ktera katalyzuje uvolnéni po sobé nasledujicich glukosovych jednotek
z neredukujich koncl rozpustnych vétvenych dextrint a linedarnich
oligosacharidovych fetézcu hydrolyzovanych jak linearnimi (1,4-a-D)
tak rozvétvenymi (1,6-a-D) glykosidovymi vazbami. Enzym se pou-
ziva pro zcukreni ztekuceného $krobu z rliznych zdrojl, zahrnujicich

Latka / Substance Obsah Latka / Substance Obsah
Contents [%] Contents [%]

Sacharidy / Saccharides Tuky / Fats 3.5

Skrob / Starch 60-65 Fosfaty / Phosphates

— amylasa / amylase 17-24 Fytin / phytin 0.9
Skrobu / of starch

_ amylopektin / amylopectin 76-83 Polyfenoly / Polyphenols 0.1-0.6
&krobu / of starch Dusikaté latky / Nitrogenous substances 7-18

Nizkomolekularni sacharidy / Rozp. dusikate latky /

Low molecular saccharides Soluble nitrogenous substances . 1.9

Sacharosa / Saccharose 1-2 AIbum.lny a gIobu!lny / A/bum{ns and glol?ul/ns 35

Ostatni cukry / Other sugars 1 Hordellny (prolamlny) / Hordeins (prolamins) 34

Rafinosa / Raffinose 0.3-0.5 G!utelllny,/ Q/utel/nsl 34

— - - Mineralni latky / Mineral substances 2

Neskrobnaté polysacharidy /

Non-amylaceous polysaccharides

Hemicelulosy / Hemicelluloses 2 MATERIALS AND METHODS

— B-glukany / g-glucans 3.3-4.9

— pentosany / pentosans 9 2.1 Enzymatic preparations

— celulosa / cellulose 4-7 Enzymatic preparations were supplied by the company GENENCOR

Internacional®, USA. It is necessary to store the enzymes in a fridge
at the temperature of 5 °C. If stored this way, a full effectivity is guar-
anteed for the duration of one year, with each subsequent year of stor-
age, the effectiveness of the enzymes drops by approximately 15%.

2.1.1 OPTIMASH™ TBG

This enzyme reduces the viscosity of barley and wheat mashes.
The OPTIMASH™ TBG enzyme contains a combination of the $-glu-
canase type of enzymes (EC 3.2.1.2) that effectively modify and break
down non-amylaceous polysaccharides, which are the building ma-
terials of plant cells. The advantage of using OPTIMASH™ TBG is
the hydrolysis of non-amylaceous saccharides because they other-
wise increase the viscosity of the mash. The highest enzyme activity
is achieved at 6070 °C and pH values ranging between 4—4.6. At
the given temperature, the treatment must take at least 30 minutes.

2.1.2 OPTIMASH™ VR

This enzyme has the capacity to reduce viscosity and intensely
break down substances based on pentosanes in the wheat, rye, and
barley grain. OPTIMASH™ VR contains the combination of cellulase
(EC 3.2.1.4) and xylanases (EC 3.2.1.8, EC 3.2.1.32, EC 3.2.1.37)
that effectively transform and break down non-amylaceous saccha-
rides. Additionally, p-glucanase activity is also present (EC
3.2.1.6).Therefore, it breaks down mainly cellulose, arabinoxylanes,
in a smaller extend also B-glucans that are in bond together with lig-
nine, pectins, proteins, starch, and lipids. The highest activity of this
enzyme is found at 60-70 °C and pH values ranging between 4.5-5.
At the given temperature, the minimum duration of the treatment is
30 minutes.

2.1.3 SPEZYME® ALFA

This enzyme contains thermostable a-amylase (EC 3.2.1.1) that
has an outstanding stability at a low pH. The endoamylase contained
in the SPEZYME® ALFA enzyme randomly hydrolyzes the a-1.4-gly-
cosidic bonds with fast viscosity reduction of starch in the process of
gelatinization in cereal mashes. It produces soluble branched dextrins
and linear oligosaccharides. The enzyme has the highest activity at
83-95 °C and pH values ranging between 5.4-5.8. At the given tem-
perature, the minimum duration of the treatment is 90 minutes.

2.1.4 DISTILLASE® CS
This enzyme is used to induce complete saccharification of partially
broken down starch into maltose and glucose. It is an exoamylase

Tab. 2 Enzymatické preparaty, davkovani a optimalni reakéni podminky / Enzymatic preparations, dosing, and optimum reaction conditions

Teplota Cas Dakovani
Enzym / Druh enzymu / Temperature| Duration [p1/100g Srotu] pH
Enzyme Type of enzyme [°C] [min] Duration
[pl/100g of grit]
1 Optimash™ VR celulasa, Xylanasa / cellulase, xylanase 60-70 30 25 45-5.5
Optimash™ TBG B-glukanasa / p-glucanase 60-70 30 25 45-55
2 Spezyme® Alfa a-amylasa / a-amylase 83-95 90 100 5.4-5.8
3 Distillase® CS B-amylasa / p-amylase 60-65 30 60 3.8-4.5
Fermgen™ Proteasa / Protease 60-65 30 60 3.0-4.5




Stanoveni extraktu v zrnu je¢mene enzymatickou cestou

KVASNY PRUM.
57 /2011 (7-8)

239

kukufici, ¢irok, je€men, pSenici, ryzi a brambory. Pfi udané teploté je
doba pusobeni minimalné 30 minut. Teplota nad 65 °C ma za nasledek
ztratu aktivity enzymu.

2.1.5 FERMGEN™

Proteasa (EC 3.4.11.1-EC 3.4.11.24) obsazena v preparatu na-
hodné $tépi bilkoviny z krajnich fetézcl i uvnitf molekuly. Nejvyssi
aktivitu ma enzym pfi 60—65 °C v rozmezi hodnot pH 3,8-4,5. Pfi
udané teploté je doba pusobeni minimalné 30 minut. Teplota nad
65 °C ma za nasledek ztratu aktivity.

2.2 Vzorky jeémene

Pro analyzy byly pouzity vzorky zrna je€émene sedmi sladovnickych
odrdd (Bojos, Jersey, Kompakt, Malz, Sebastian, Tolar a Radegast).
Zrno pochazelo z maloparcelnich pokusl realizovanych na lokalité
Zabgice v roce 2009. K pfipravé meliva byl pouzit laboratorni mlynek
(Laboratorni ptistroje Praha, Ceska Republika) a prosévadio (napf.
pfungstadtské) s pfislusnymi sity. Velikostni profil meliva odpovidal
tzv. hrubému mileti (65 % ¢éastic meliva jsou frakce vétsi jak 0,56 mm).
Vihkost zrna byla stanovena laboratorni metodou vysuSenim 5 g
vzorku pfi 105 °C do konstantni hmotnosti [1].

2.3 Pribéh enzymatického rozkladu

Davkovani a optimalni reakéni podminky jednotlivych enzymatic-
kych preparatll jsou uvedeny v tabulce 2. Rmutovaci kadinky s ob-
sahem destilované vody (300 ml) a meliva (50 g) se po pfidavku en-
zym( Optimash™ VR, Optimash™ TBG umisti do rmutovaci lazné
(1-Cube, Ceska Republika). V této fazi je upraveno pH roztokem ky-
seliny sirové o koncentraci 1 mol.I'" (Lachema, Ceska Republika, Sis-
tota p.a.) na hodnotu 5,0. Pfi teploté 60 °C nastava Stépeni celuloso-
vych latek, vldkniny a B-glukanu. V dalsi fazi po pfidavku enzymu
Spezyme® Alfa a pfi teploté 80 °C mazovati $krob, suspenze se plné
ztekucuje, amylosa a amylopektin ze Skrobu je pfeménovan na dex-
triny a oligosacharidy, zkouska jodem po probéhnuti této faze je ne-
gativni, pH v této fazi je obvykle v optimalnich hodnotach kolem 5,5.
Po ochlazeni na 60 °C a pfidavku Distillase® CS a Fermgen™ dochazi
k finalnimu roz&tépeni dextrind a oligosacharidd az na maltosu a glu-
kosu, dochazi také ke Stépeni bilkovin [12], hodnota pH je upravena
pred pocatkem této faze roztokem kyseliny sirové na 4,0.

Roztok je po skonceni posledni faze dovazen studenou destilova-
nou vodou (na 450 g), Zfiltrovan pres papirovy filtr (KA2-M, 20 cm,
Papirna Pernstejn, CR), prvnich 100 ml filtratu se vraci zpatky na filtr.
Hustota je zméfena pomoci pyknometru temperovaného na 20 °C.
Hustota sladiny je podil hmotnosti sladiny a hmotnosti (objemu pfi
20 °C) vody.

hmotnost sladiny v g

vodni hodnota pyknometru v g

V tabulkach [7] se vyhleda podle hustoty sladiny pfislusna koncent-
race a dosadi do vztahu pro vypocet extraktu v zrnu je€mene:

(800 + &) . b
E=—""7"7 113
100 - b

kde E je extrakt ve vzorku, a je vihkost zrna jeCmene v %, b je kon-
centrace sladiny ze sladafskych tabulek v %, 1,13 je faktor stanoveny
experimentalné pro danou kombinaci enzymd.

Extrakt v je€meni se pfepocita na susinu podle vztahu:

E.100
"100-a

sus

kde E je extrakt zrna jeCmene v %, a je vihkost zrna je¢mene v %.

Cely proces je znazornén na obr. 1.

3 VYSLEDKY A DISKUZE

U 56 vzork( jeémene odrid Bojos, Jersey, Kompakt, Malz, Seba-
stian, Tolar a Radegast byl ve tfech opakovanich stanoven extrakt vy-
poc¢tem podle Bishopa a dale bylo provedeno stanoveni extraktu po-
moci vySe popsané enzymatické metody. Stejné vzorky je€mene byly
také sladovany ve Vyzkumném Ustavu pivovarském a sladarském,
a.s., Sladafském Ustavu v Brné. U sladu byl stanoven obsah extraktu

(EC 3.2.1.2, EC 3.2.1.10) that catalyzes the release of sequencing
glucose units from non-reducing ends of soluble branched dextrins
and linear oligosaccharide chains that are hydrolyzed by linear (1,4-
a-D) as well as branched (1,6-a-D) glycosidic bonds. The enzyme is
used for saccharification of liquid starch from various sources, includ-
ing maize, millet, barley, wheat, rice, and potatoes. At the given tem-
perature, the minimum duration of the treatment is 30 minutes. Tem-
peratures above 65 °C lead to a loss in activity of the enzyme.

2.1.5 FERMGEN™

By acting at random locations, the protease (EC 3.4.11.1-EC
3.4.11.24) contained in this preparation breaks down the end-chain
proteins as well as those inside the molecules. The highest quality of
the enzyme is achieved at 60—65 °C and pH ranging between 3.8—4.5.
At the given temperature, the minimum treatment duration is 30 min-
utes. Temperatures above 65 °C result in activity loss.

2.2 Barley Samples

Barley samples of seven malting varieties (Bojos, Jersey, Kompakt,
Malz, Sebastian, Tolar, and Radegast) were used for the analyses.
The grain was obtained from the small-plot trials realized at the
Zabgice locality in 2009. To prepare the grist, a laboratory mill (Lab-
oratory Devices Prague, Czech Republic) and a sieving machine (e.g.
Pfungstadt) with the applicable sieves were employed. The size profile
of the grist corresponded to the so-called preliminary crushing (65%
of the grist particles are fractions larger than 0.56mm). The humidity
of the grain was established by the laboratory method of dryinga 5 g
sample at 105 °C to the constant weight [1].

2.3 The course of the enzymatic decomposition

Dosing and optimum reaction conditions of individual enzymatic
preparations are presented in Tab. 2. Mashing is conducted in the
beaker containing distilled water (300 ml) and grist (50 g), these com-
ponents are supplied with the Optimash™ VR and Optimash™ TBG
enzymes and placed into a mashing bath (1-Cube, Czech Repubilic).
At this stage, the pH is adjusted to 5.0 by adding a sulphur acid so-
lution of a 1 mol.I'" concentration (Lachema, Czech Republic, p.a.).
At the temperature of 60 °C, breaking down of cellulose substances,
fiber, and p-glucans occurs. In the next stage, after adding the
Spezyme® Alfa enzyme at the temperature of 80 °C, the starch gela-
tinizes, the suspension becomes fully liquid, the amylase and amy-
lopectin from the starch is transformed into dextrins and oligosaccha-
rides. After this stage, the test by using iodine is negative. The pH at
this stage is usually around the optimum value of 5.5. After cooling
down to 60 °C and addition of Distillase® CS and Fermgen™, the final
breaking down of dextrins and oligosaccharides to maltose and glu-
cose occurs, moreover, protein decomposition [12] takes place, too,
pH is adjusted to 4.0 prior to this stage by adding a solution of sulphur
acid.

Upon completion of the final stage, the solution is supplied by dis-
tilled water to reach the weight of 450 g, it is then filtered through
a paper filter (KA2-M, 20 cm, Papirna Pernstejn, CR), the first 100 ml
of the filtrate returns on the filter. The density is measured by the
means of the pycnometer tempered to the temperature of 20 °C. The
density of the wort is the ratio of the weight of wort and the weight
(volume at 20 °C) of water.

weight of wort in grams

water value of pycnometer

One must find the applicable concentration in tables [7] according
to the density of the wort and include it into the correlation for calcu-
lation of the barley grain extract:

(800 +a).b
E=—— 113
100-b

where E is the extract of the sample, a is the humidity of the barley
grain in %, b is the wort concentration according to malting charts in
%, 1.13 is the factor established experimentally for the given combi-
nation of enzymes.

Extractin barley is converted to dry matter according to the following
correlation:

E. 100
T 100-a

dam
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Obr. 1. Pribéh reakénich krokd pfi enzymatickém rozkladu

konvenéni metodou pomoci kongresni sladiny. Timto zplsobem byla
ziskana data o obsahu extraktu v zrnu je€mene a z néj vyrobeného
sladu.

Z tab. 3 je patrny niz8i obsah extraktu v jeCmeni ziskany pomoci
rozkladu prdmyslovymi enzymy. V priméru je tento obsah extraktu
asi 0 9 % nizsi nez extrakt dle Bishopova vztahu, resp. nez skute¢ny
extrakt ve sladu. V prlibéhu sladovani probihaji v zrnu jeémene pod-
statné biochemické zmény — dojde k rozluténi slozitych latek endo-
spermu na latky mensi molekulové hmotnosti, stejné tak i ke vzniku
nativnich enzyma odli§nych od pomérné ostie ohrani¢enych tfid pra-
myslovych amylas, proteas, celulas, xylanas a p-glukanas. Je tedy
logické, ze enzymy vzniklé v zrnu je€mene pfirozenou cestou pfi kli-
¢eni nemohou byt zcela nahrazeny souborem priimyslovych enzyma
[13].

Pro pfiblizeni se k hodnotam extraktu stanoveného dle metodiky
EBC je tfeba provést korekci hodnot pfislusnym faktorem. Ten Ize zis-
kat jako priimér prostého déleni primérnych hodnot extraktu kon-
gresni sladiny a hodnot extraktu zrna ziskanych enzymatickym roz-
kladem. V tomto experimentu na pouzitém souboru odrid odpovida
hodnoté 1,13. Obdobné je tento problém feSen i na jinych pracovistich
[14], kde jsou ke stanoveni extraktu zrna pouzivany jak enzymy z pri-
myslovych kmen( plisni, majici pomérné Siroky potencial rozkladu
latek je€ného zrna, tak i sladinové koncentraty, které jsou bohaté na
enzymy a byly ziskany pfi nizkych teplotach rmutovanim. Zde je po-
tom nutné odecist od finalniho extraktu i extrakt sladiny vneseny s en-
zymatickych koncentratem.

V pfipadé odriid Malz, Tolar nebo Kompakt je pfepoéteny enzyma-
ticky extrakt vy$$i nez hodnoty vypoctené dle Bishopova vztahu i nez
skute¢né hodnoty extraktu ve sladu stanovené dle metodiky EBC. Na-
opak u odrdd Jersey, Sebastian, Bojos a Radegast se hodnoty pre-
pocteného extraktu nachazeji mezi hodnotami vypoc¢tenymi dle Bis-
hopa a hodnotami skuteéného extraktu ve sladu. Je tedy ziejmé, ze
pfesnou hodnotu pfepocitaciho faktoru je vhodné stanovit pro kazdou
Sarzi pouzitych enzym( (od konkrétniho vyrobce) a pro konkrétni od-
radu. Pro laboratofe zpracovavajici velké mnozstvi vzork( by po-
psana metoda mohla pfinést pomérné pfesné hodnoty extraktu bez
nutnosti sladovat zrno jeémene, coz je proces ¢asové, energeticky
a tedy i finan¢né velmi narocny.

Fig.1 The course of the reaction steps during the enzymatic decom-
position

where E is the barley grain extract in %, a is the barley grain humidity
in %.
The whole process is displayed in Fig. 1.

3 RESULTS AND DISCUSSION

For 56 barley samples of the Bojos, Jersey, Kompakt, Malz, Se-
bastian, Tolar, and Radegast varieties, the extract was established in
three replications by the Bishop correlation and by means of the above
described enzymatic method. Additionally, the same barley samples
were malted in the Research Institute for Brewing and Malting, PLC,
Malting Institute in Brno. In malt, the extract content was determined
by the conventional method using congress wort. This way, data re-
garding the extract content in the barley grain and malt were obtained.

Tab. 4 shows the lower extract content in barley when decomposi-
tion is attained by industrial enzymes. On average, this extract content
is by approximately 9% lower then the extract according to the Bishop
correlation and than the real extract in malt. During malting, substan-
tial biochemical changes take place in the barley grain — enucleating
of complex endosperm substances into substances of a lower molec-
ular weight occurs, likewise, native enzymes develop, however, they
differ from the rather sharply defined classes of industrial amylases,
proteases, cellulases, xylanase, and p-glucanases. Therefore, it is
logical that enzymes that develop naturally in the barley grain during
germination cannot be fully replaced by a set of industrial enzymes
[13].

To achieve extract values according to the EBC method, correction
of values by the corresponding factor must be carried out. The factor
can be obtained as the average of a simple dividing of the average
extract values of the congress wort and the extract values of grain
obtained by enzymatic decomposition. In this experiment (using the
set of varieties included), it equals the value of 1.13. Similarly, this
problem is also being solved at other sites [14] where the grain extract
is established by using enzymes from industrial mold strains that have
a relatively wide potential to break down barley grain substances as
well as wort concentrates that are rich in enzymes and were obtained
by mashing at low temperatures. It is necessary to subtract the wort

Tab. 3 Obsah extraktu ziskany metodou enzymatického rozkladu, metodou dle Bishopa, metodou vynasobenim faktorem 1,13 a extrakt kon-
gresni sladiny / The extract content obtained by the enzymatic decomposition method, method according to Bishop, method of multiplying

by the 1.13 factor and extract of congress wort.

Extrakt / Extract . .

. . - . - Extrakt kongresni sladiny

Odruda / Variety Dle Bishopa / Enzymaticky / Enzymaticky x 1,13/ Extract of congress wort
According to Bishop Enzymatic Enzymatic x 1.13

Malz 82.13+0.33 73.18+0.29 82.70+0.33 82.05+0.39
Jersey 82.31+0.29 72.76+0.58 82.22+0.66 81.90+0.37
Tolar 82.65+0.15 73.24+0.45 82.77+0.51 81.99+0.48
Kompakt 82.59+0.22 73.22+0.46 82.74+0.53 81.86+0.31
Sebastian 82.63+0.21 72.77+0.56 82.22+0.63 81.77+0.41
Bojos 82.60+0.16 72.83+0.58 82.30+0.66 82.02+0.32
Radegast 82.33+0.23 72.72+0.46 82.17+0.53 82.08+0.38
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4 ZAVER

Cilem prace bylo navrhnout a ovéfit metodu pro rychlé stanoveni
extraktu v zrnu jeémene pomoci enzymatickych preparatll na bazi
proteas, celulas, f-glukanas a amylas. Metoda je zalozena na pouziti
bézné dostupnych enzymatickych preparati pouzivanych pfi vyrobé
ethanolu na rozklad latek obsazenych v zrnu a jeji vysledky jsou ve-
rifikovany s konvencné pouzivanou metodou stanoveni extraktu
v kongresni sladiné. Metoda byla odzkou$ena na vzorcich zrna sedmi
odrld je€mene jarniho, ze kterych byl nezavisle vyroben slad a sta-
noven extrakt ve sladu. Ziskané vysledky byly také porovnany s hod-
notami extraktu podle Bishopa. Pro korekci hodnot ziskanych enzy-
matickou metodou na hodnoty blizici se skute€nému extraktu byl
pouzit experimentalni faktor 1,13. Pfinosem metody je vy$Si pfesnost
stanoveni hodnot extraktu (oproti vypoctu extraktu podle Bishopa [5])
a zaroven mensi materidlova a ¢asova naro¢nost (oproti konvenéni
metodé stanoveni extraktu ve sladu dle EBC).

Podékovani
Vyzkum byl realizovan za podpory ,Vyzkumného centra pro stu-
dium obsahovych latek je€émene a chmele* €. 1M0570.
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extract brought in together with the enzymatic concentrate from the
final extract.

In the case of the Malz, Tolar, or Kompakt varieties, the converted
enzymatic extract is higher than the values calculated according to
the Bishop correlation as well as than the real values of extract in
malt established by the EBC method. Conversely, the values of the
converted extract for the Jersey, Sebastian, Bojos, and Radegast va-
rieties range between the values calculated according to Bishop and
those of the real extract in malt. Therefore, it is obvious that the exact
value of the conversion factor needs to be determined for each charge
of the used enzymes (from a concrete producer) as well as for each
concrete variety. For laboratories that process a large number of sam-
ples, this method might bring in relatively accurate extract values with-
out the need to malt the barley grain which is a very time-consuming
and energy-demanding, and therefore also financially demanding pro-
cess.

4 CONCLUSION

The aim of this study was to design and verify a method for a fast
establishment of the extract in the barley grain by means of enzymatic
preparations based on proteases, cellulases, -glucanases, and amy-
lases. The method is based on using commonly available enzymatic
preparations used during ethanol production for grain substances de-
composition, and its results are verified with the conventionally em-
ployed method of extract establishment in the congress wort. The
method was tested on grain samples of seven spring barley varieties
out of which malt was manufactured independently and extract in malt
was determined. The acquired results were also compared to the ex-
tract values according to Bishop. For correction of values obtained by
the enzymatic method to the values nearing the real extract, the ex-
perimental factor of 1.13 was used. The benefit of this method is the
accuracy of the established extract values (in contrast to calculating
the extract according to Bishop [5]) and at the same time, it is less
material-demanding and time-consuming (in contrast to the conven-
tional method of extract establishment in malt by EBC).
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