158

KVASNY PRUMYSL
ro¢. 51 /2005 — &islo 5

TECHNOLOGICKE ASPEKTY INFUZNICH A DEKOKCNICH ZPUSOBU

RMUTOVANI

TECHNOLOGICAL ASPECTS OF INFUSION AND DECOCTION MASHING
JAN ENGE, PAVEL SEMIK, JOSEF KORBEL, JIRI SROGL, MIROSLAV SEKORA

Plzefisky Prazdroj, a. s., U Prazdroje 7, 304 97 Plzen

Enge, J. — Semik, P. — Korbel, J. — Srogl, J. — Sekora, M.: Tech-
nologické aspekty infuznich a dekokénich zplsobli rmutovani.
Kvasny Prum. 51, 2005, ¢. 5, s. 158—165.

Pod rostoucim ekonomickym tlakem muze dochazet v pivovarech
k Upravam rmutovacich postupl za u€elem snizeni energetické a ¢a-
sové narocnosti. Cilem experimentu bylo nalézt a popsat zmény v ana-
lytickych a senzorickych parametrech piva pfipraveného rznymi po-
stupy a na zakladé téchto vysledkl upozornit na mozna rizika.

Na varky byly pouzity stejné vstupni suroviny a ménéeny byly vy-
hradné technologické podminky. Pokus byl proveden v podminkéch
minipivovaru. Byly zvoleny zakladni bézné postupy rmutovani — in-
fuze, jedno-, dvou- a tfirmut. Rmutovani bylo vedeno s cilem maxi-
malniho vyuZiti ekonomickych a ¢asovych vyhod intenzivnich po-
stupU. S rostouci intenzitou postupu byly zvySovany vystiraci teploty
a zkracovany celkové doby rmutovani.

Nejvyraznéjsi odliSnosti mezi jednotlivymi postupy vykazaly para-
metry pfimo ovlivnéné rmutovacim postupem, jako barva mladiny
a koagulovatelny dusik, které odpovidaji tepelnému zatizeni. DalSi pa-
rametry jsou zavislé na obsahu latek vstupujicich do chmelovaru, {j.
zejména horkost, obsah studenych kall, obsah kal( ve valci podle
Imhoffa, obsah celkového rozpustného dusiku, celkovych, oxidova-
telnych a oxidovanych polyfenold, tanoidd, anthokyanogend, alfa-glu-
kant a dimethylsulfidu v mladiné.

U obsahu horkych kalll v mlading, oxalatt v mlading, beta-glukant
v mladiné a filtrovaném pivu nebyly nalezeny vyrazné zavislosti na
rmutovacim postupu. Mastné kyseliny v mladiné i pivu a cukry v mla-
diné byly srovnatelné, pouze v pfipadé dvou- a tfirmutového postupu
byl stanoven vy3si obsah glukosy. Cukry v mladém a filtrovaném pivu
odpovidaly prokvaseni, €irost filtrovaného piva byla rovnéz diky filt-
raci na malém deskovém filtru v podminkach minipivovaru srovna-
telna.

Vlastnosti hotového piva jsou vyrazné ovlivnény rmutovacim pro-
cesem, a proto je pro udrzeni charakteru kazdého piva nutné za-
chovavat tradi¢ni postup. A¢koli je pfi rozdilnych technologickych po-
stupech mozno dosahnout podobnych analytickych vysledku, je
zfejmé, ze vysledné plsobeni jednotlivych slozek piva zasadné
ovlivni vysledek pfi degustaci. Zejména u Ceskych piv, vyrabénych
dekokénim postupem, kterd maji vysokou pitelnost, mGze mit zména
varniho postupu fatalni nasledky.

Enge, J. — Semik, P. — Korbel, J. — Srogl, J. — Sekora, M.: Tech-
nological aspects of infusion and decoction mashing. Kvasny
Prum. 51, 2005, No. 5, p. 158—165.

Changes to the mashing processes may be made in breweries in
order to save energy and time due to the growing economical pres-
sure. The goal of the experiment was to find and describe any chan-
ges in analytical and sensory parameters of beer prepared using dif-
ferent methods and based on the results point out any potential
concerns.

The same raw materials were used for the brewing, only the mas-
hing processes varied with each individual batch. The experiment was
conducted in a pilot-plant scale. Four basic ordinary mashing met-
hods — infusion and single, double and triple mash decoction — were
chosen. The mashing was aimed to fully utilize the economic and time
advantages of the intensified methods. With the increasing intensity
of the method the mash-in temperatures increased and mashing time
decreased.

The most distinct differences among the individual mashing pro-
cedures were shown by the parameters affected directly by the mas-
hing process, like wort colour and coagulable nitrogen, which result
from the heat load. Other parameters are dependant on the ;content
of the substances entering the kettle boil that is especially bitterness,
cold break content, level of solids in Imhoff’s cone, content of soluble
nitrogen, level of total, oxidizable and oxidized polyphenols, tanno-
ids, anthocyanogens, alpha-glucans and dimethylsulphide in the wort.

No significant connections were found between the mashing met-
hod and the content of hot break in the wort, the oxalates in the wort

and the beta-glucans in the wort and the filtered beer. The content of
fatty acids in the wort and the beer as well as the sugars in the wort
were comparable, only in the case of two- and three-mash decoction
methods higher content of glucose was measured. The content of su-
gars in green and filtered beer was found to be at the expected level
given the degree of attenuation. The clarity of the filtered beer was
also comparable given the pilot-plant scale plate and frame filter was
used.

The mashing process significantly affects the character of the fi-
nished beer and that is why it is important to follow the traditional
mashing method. Although it is possible to achieve similar analytical
results using different technological (mashing) processes, it is obvi-
ous that the final effect of the individual beer components will dra-
matically influence the taste panel results. A change of the brewing
process can have fatal consequences especially for Czech beers,
which are traditionally brewed using decoction mashing resulting in
their exceptional drinkability.

Enge, J. — Semik, P. — Korbel, J. — Srogl, J. — Sekora, M.: Die tech-
nologische Aspekte von Infusions- und Dekoktionsverfahren.
Kvasny Prum. 51, 2005, Nr. 5, S. 158-165.

Unter wachsendem 6konomischen Druck, um die Zeit- und Ener-
gieersparnisse zu erreichen, kénnen die Brauereien eine Regelung
des Maischverfahrens akzeptieren. Der Artikel beschreibt ein Expe-
riment von Verfassern, die Anderungen von analytischen und sen-
sorischen Parametern des durch verschiedene Maischverfahren ge-
siedenes Bieres zu beschreiben und auf Grund der erhaltene
Resultaten die Aufmerksamkeit auf die mégliche Risiken zu richten.

Zur Sudvorbereitung in einer kleinen Versuchsbrauerei wurden im-
mer die gleiche Rohstoffe angewandt, nur die technologische Para-
meter des Maischverfahrens wurden geéndert. Die Wirze wurde
durch verschiedene Ubliche Verfahren (Einmaisch-, Zweimaisch- und
Dreimaischverfahren) gebraut, das Maischen ist mit dem Ziel einer
maximalen Ausbeutung von 6konomischen und zeitreduzierenden in-
tensiven Maischvorgangen gefiihrt worden. Mit einer wachsenden
Maischverfahrensintensitat sind die Einmaischtemperatur erhéht und
die gesamte Maischverfahrenzeit verkirzt worden.

Die ausdruckvolleste Verschiedenheiten unter angewandten Ma-
ischverfahren wiesen durch den ausgewahlten Arbeitsvorgang direkt
beeinflusste Parameter aus, z. B. Farbe der Wirze und koagulierter
Stickstoff, die der termischen Wirzebelastung entsprochen. Die an-
dere Parameter wurden vom Gehalt der in den Wiirzenkochenpro-
zess kommende Stoffen abhéngig, d.h. insbesonders eine Bitternis,
Kalttrubgehalt, Trubgehalt im Zylinder laut Imhoff, der gesamte 18sli-
che Stickstoff, gesamte-, oxidierbare-, oxidierte Polyphenols, Tano-
ids, Anthokyanogens, Alfa-Glukans und Dimethylsulphid in der
Wirze.

Der Heisstrub-, Oxalats- und Betaglukansgehalt in der Wiirze und
im fertigen Bier hédngte vom Maischevefahren wesentlich nicht ab.
Fettsdure und Zuckergehalt in der Wiirze und im fertigen Bier waren
bei den veschiedenen Maischverfahren vergleichbar, nurim Falle des
Zweimaisch- und Dreimaischverfahrens wurde einen erhéhten Gilu-
kosegehalt festgestellt. Der Zuckergehalt im Jungbier (Grlinbier) und
im fertigen Bier entsprach der Vergarung, die Klarheit des filtrierten
Bieres war unter Bedingungen des Pilotplattenfilters in einer Versu-
chbrauerei vergleichbar.

Die Eigenschaften des fertigen Bieres kénnen durch Maischfahren
wesentlich beeinflusst werden, aus diesen Griinden ist ein ursp-
riinglicher Verfahren zu beibehalten und darf nicht gedndert werden.
Obwohl bei den verschiedenen Maischverfahren kdnnen eine nahli-
che analytische Resultate erreicht werden, ist es klar, daf3 die resul-
tierende Einwirkungen von den einzelnden Komponenten des Bieres
das Ergebnis des Bierverkosten wesentlich beeinflussen kénnen. Ins-
besonders bei der Herstellung des tschechischen Bieres, das durch
einen Dekoktionsverfahren traditionell gebraut ist und eine hohe Be-
liebtheit bei den Verbrauchern ausweist, kann eine Brauverfahren-
sanderung zu den fatalen Ergebnissen fuhren.
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M3-3a 3KOHOMMYECKMX MOBOAOB MOFyT Ha MMB3aBojax
NPOV30MATN N3MEHEHUs1 cnocoba 3aTUpaHns C LESbo MOHWKEHUS
noTpebneHns aHeprum 1 cokpatleHus Bpemenu. Llenbto akcnepu-
MeHTa OblNO0 HanT U onucaTb MW3MEHEHWUS aHanMTUYECKUX
N CEH30pPHbIX MapameTpOB NMMBa U3rOTOBIEHHOTO Pa3HbIMU TEXHO-
normaMnm M Ha OCHOBe pe3ysibTaToB OﬁpaTI/ITb BHMMaHue Ha
BO3MOXXHbIV PUCK.

[lns Bapku 661510 NCNOMb30BaHO OANHAKOBOE Chlpbe, U3MEHEHMS
6blnN cAenaHbl TONbKO B TEXHOMOrMU. OKCNEpPUMEH NPOXOANM B
yCNoBUAX MUHU-NuBoBapa. bbinn  un3bpaHbl  0ObIKHOBEHHbIE
cnocobbl  3aTvpaHusi:  WHAY3Usi, OAHOOTBAPOYHbLIA  CMOCO6
3aTupaHusa conopja, 3atupaHve C 0TBapkamu U TPEXOTBapOYHbIV
cnocob 3atupanusa conoga. lNMpu 3atnpaHum 6binv MakcuMarbHO
MCNoJib30BaHbl 3KOHOMUYEeCKMe W BpeMeHHble npeunmyliecTea
MHTEHCMBHOrO NpoxoXkaeHus npouecca. C HapacTalowweh UHTEH-
CMBHOCTbIO MOBbILIANUCH TEMMEPaTYpPbl 3aTUPaHUS U COKpaLLanoch
CYMMapHOe BpeMmsi 3aTupaHus.

Camble  3HauUTenbHble  OTNUYUSE  MEXAY  OTAeNbHbIMU
npoLieccamm okasanv napameTpbl, Ha KOTOPble HEMOCPEACTBEHHO
BNMSAN cnocob 3aTupaHusi, Kak LUBeT cycna 1 Koarynmpyembli asor,
KOTOpble COOTBETCBYIOT TEmnjoBOM Harpyske. [danbHenwuve

Kliéova slova: rmutovaci postup, infuze, dekokce

1 UvoD

Dlouhodobym sledovanim vlivu technologickych zmén na vlastnosti
mladiny v pivovaru Plzensky Prazdroj, a.s. bylo zjisténo, ze slozeni mla-
diny je rozhoduijici pro vlastnosti hotového piva. Kvalitu mladiny ovliviiuje:
— slozeni surovin (voda, slad, chmelové preparaty)

— technologicky postup pfi pfipravé mladiny

— technologické zafizeni.

Informace v literature o rozdilech mezi jednotlivymi dekok&nimi po-
stupy a infuzi jsou nedostate¢né. Pokud jsou nékde uvedeny pfiklady
rmutovacich postupd, vétSinou pouze schematicky popisuji dany po-
stup [1, 2, 3, 4], pfipadné uvadsji typické slozeni mladiny [1, 2, 3], ale
nezabyvaji se vlivem daného postupu na slozeni mladiny. Pfi ¢erpani
a povarovani rmutl dochazi k provzdusnéni. Tim se lisi infuze i jed-
notlivé dekokéni postupy. Je pravdépodobné, Ze probihajici oxidaéné-
redukéni procesy jsou velmi rozdilné.

V Ceskych zemich se bézné pouzivaji tradi¢ni dekokéni postupy,
které jsou mimo jiné podminkou v projektu Ceské pivo. Cilem tohoto
projektu je specifikovat charakteristické vlastnosti a odliSnosti ¢es-
kého piva a vyuzit tento pojem v konkurenci zahrani¢nich piv. V Ces-
kém pivovarstvi ma stéle vyznamné postaveni hlavkovy nebo granu-
lovany chmel, ktery pivu dodava dostate€né mnozstvi polyfenoll
a typické chmelové aroma. Znamy Cesky sladek F. O. Poupé zavadél
v Cechach dekokci misto infuze, zejména proto, Ze v té dobé to byla
jedina moznost, jak zlepsit kvalitu.

Povarovani rmutG:

— zvySuje jakost piva (pitelnost, plnost, zaokrouhluje se chut, pivo ma
osobity charakter)

— zlepSuje vytézky (koagulace ¢asti bilkovin zlepSuje vytéznost hor-
kych latek a zajistuje vy$$i mnozstvi polyfenolu)

— vy$8i obsah melanoidinli a polyfenoll dava lepSi prfedpoklady pro
vy$Si antioxidacni schopnost a pro senzorickou stabilitu piva

— s poc¢tem rmutd se zvyraznuji vyhody dekokce (redukce mikroor-
ganismu, odpareni nékterych nezadoucich sloucenin)

— zvySuje ustojnou (pufrovaci) schopnost mladiny a piva.
Nevyhodou téchto postupt jsou vy$si Gasové a energetické naroky.
Naopak infuzni postupy jsou z pohledu ¢eskych sladki netradic-

nim postupem, ktery poskytuje piva s nizsi plnosti chuti, nizsi pitel-

nosti, tzv. chutové mékka a nevyrazna.

Rmutovani bez povarovani rmut(:

— je nevhodné pro odrudy je¢mene ¢eského typu, které nebyvaji tak
rozlusténé

— dochazi k problematické hydrolyze beta-glukanud

— nedostateénd separace negativnich tékavych latek, ke které do-
chazi az béhem chmelovaru

— nizsi varni vytézky, horsi zcukreni

— vy$8i ¢irost hotovych piv, nizsi barva.

Vyhodou je niz8i energeticka a ¢asova naro€nost, ktera byva jesté
zvyraznéna pouzitim prelusténych sladu.

napameTpbl 3aBUCAT OT COAEp>XaHWs BeLecTB, y4acTBYIOWWX B
Bapke cycna, T.e. MpeXAe BCero ropedb, COAEPXXaHWe CyM-
MapHOro pacTBOPUMOro as3oTa, CyMapHbIX OKUCISIEMbIX U OKUC-
JNIEHHbIX NONNGEHONOB, TaHOMAOB, aHTOKMAHOreHoB, anbda-
rMOKaHoB 1 gumeTuncynbduga B cycne.

B copepxxaHumn ropsidero Tpyba B cycne, okcanaToB B Cycrle,
6eTa-rnyKaHoB B cycne 1 B NpouibTPOBaHHOM N1Be He bbina Han-
[JeHa 3HauuTesnbHas 3aBUCKMMOCTb OT crnocoba 3atvpaHus. XKup-
Hble KUCMOThI B CyClie U NMBE M caxapbl B cycre 6bi/iv CpaBHUMBI,
TOMbKO NpW 3aTvpaHMn C OTBApKOM M TPEXOTBapO4HOM crnocobe
3aTupaHusa 6bio onpegeneHo 6o0fee BbICOKOE coAep)xaHue

rnoko3dbl. Caxapbl B MOMIOAOM U NPOGUILTPUPOBAHHOM
MMBE COOTBETCTBOBaNM COpaXXmBaHWio. TakXe Mpo3padHOCTb
npounbTpUpoOBaHHOTO  nvBa  6blna  6rnarogaps  Manomy

nnacTMHYaToMy unbTpy B YCNOBUSAX MUHU-NIMBOBApa CPaBHUMA.
Ha cBoicTBa rotoBoro nueBa MNpOLECC 3aTUpaHus BrUSeT
3HaYNTEsbHbIM 06Pa3oM 1 MO3TOMY A1 COXPaHEHUs XapakTepa
KaXkaoro nuea Heob6xoanMo cobniogaTh TPaAMLUMOHHBIA npouecc.
XoT pasHbiMM  TEXHOMOrMYEeCKMMU MpoLeccaMnm MOXKHO [OC-
TWYb MNOAO6HBIX aHANUTUHECKNX Pe3ynbTaToB, BUAUMO, HYTO pesy-
nbTUpytolee BAUSHNE OTAEeNbHbIX KOMMOHEHTOB MvBa MPUHLK-
nuanbHO NOBNMUSIET Ha pesynbTat npu Aeryctaumn. OcobeHHO B
criy4ae YelckKux nue, MPOU3BOAWMbBIX OTBAPO4HbIM CMOCO60M
nosnyyYeHns cycna, UMeloLWmMX BbICOKMA 3PEKT HANUTKU MOXeT
UMEeTb U3MEHeHNe BapoyHOro npouecca arasnbHble CriefCcTBUS.

Keywords: mashing process, infusion, decoction

1 INTRODUCTION

It was found through long-term observations of the influence of
technological changes on the wort’s characteristics in Pilsner Urqu-
ell, Plc brewery that the wort composition determines the characte-
ristics of the finished beer. The following factors affect the wort’s qua-
lity:

— raw material composition (water, malt, hop products)

— technological process of wort production

— technological equipment used.

Information in literature on the differences between the individual de-
coction methods and infusion are insufficient. If there are examples
of the mashing methods stated, they usually just schematically desc-
ribe the given process [1, 2, 3, 4], or they possibly state the typical
wort composition [1, 2, 3], but they do not explore the effect of a gi-
ven method on the wort composition. Aeration occurs during mash
transfers and boiling. That is where infusion and the individual de-
coction methods differ. It is likely that the redox processes occurring
are very different.

Czech breweries most often use the traditional decoction methods,
which are among other things also a requirement in the project Ceske
pivo (Czech Beer). The aim of this project is to specify the typical qua-
lities and differences of Czech beer and use this notion in the com-
petition of foreign beers. Hop cones or hop pellets, which provide the
beer with a sufficient amount of polyphenols and a typical hop aroma,
still have an important role in Czech brewing. A well-known Czech
brewmaster F. O. Poupé established decoction instead of infusion,
particularly because at that time that was the only option that would
improve the quality.

Mash boiling:

— improves the beer quality (drinkability, bodiness, smothes out the
taste, the beer has a individual character)

— improves the brewhouse yield (partial protein coagulation impro-
ves bitterness utilization and ensures a higher polyphenol content)

—a higher melanoidine and polyphenol content offers a greater
chance of a better antioxidation ability and a sensoric stability of
the beer

— as the number of mashes increases the advantages of decoction
increase also (reduction of microorganisms, evaporation of some
volatile compounds)

— raises the buffering ability of wort and beer.

The disadvantage of decoction is its high demand for time and
energy.

From the Czech brewmasters’ point of view, the infusion process,
on the other hand, are non-traditional and produce beer with a lower
bodiness, drinkability, taste “soft” and are not appealing.

Mashing without mash boiling:

— is not suitable for Czech barley varieties, that are not as modified
— problematic hydrolysis of beta-glucans occurs
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2 USPORADANI POKUSU

Pokus byl proveden v podminkach minipivovaru (obr. 1), ktery je
vybaven dvounadobovou varnou a tfemi cylindrokénickymi tanky.
Varni proces a proces kvaseni je kontrolovan automatickym Fidicim
systémem. Pro varky byly pouzity stejné vstupni suroviny a byly mé-
nény vyhradné technolo-
gické podminky. Byly zvo-
leny Ctyfi zakladni a bézné
postupy rmutovani, a to in-
fuze, jedno-, dvou- a tfi-
rmut.

Rmutovani bylo vedeno
tak, aby byly maximalné
vyuzity ekonomické a ¢a-
sové vyhody intenzivnich
postupt. Na obr. 2 jsou
uvedeny diagramy jednot-
livych rmutovacich postu-
pu, ze kterych jsou ziejmé
rozdilné vystiraci teploty
a celkové doby rmutova-
ni. Dosazitelné prokvase-
ni varek bylo v rozmezi
77-82 %.

Objem varky byl 130
litrd. Chmelovar trval 90
min, kvaseni probihalo pfi

Obr. 1/ Fig. 1 Vybaveni minipivovaru / Pilot-plant equipment

— insufficient separation of negative volatiles, which is postponed un-
til kettle boil
— lower brewhouse yields, worse saccharification
— higher clarity of finished beer, lower colour.
The advantage is the lower demand for time and energy, which is
often enhanced by the use of overmodified malt.

2 EXPERIMENT SET-UP

The experiment was conducted in a pilot-
plant scale microbrewery (Fig. 1), which is
equipped with a two-vessel brewhouse and
three uni-tanks. The brewing and fermenting
processes are controlled by an automatic sys-
tem. The same raw materials were used for
the brewing, only the mashing processes va-
ried with each individual batch. Four basic or-
dinary mashing methods - infusion and
single, double and triple mash decoction —
were chosen.

The mashing was directed to fully utilize the
economic and time advantages of the inten-
sified methods. Fig. 2 shows diagrams of the
individual mashing processes, where the dif-
ferent mash-in temperatures and total mas-
hing times are evident. The degree of attenu-
ation of batches was in the range 77-82 %.
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Obr. 2/ Fig. 2 Diagramy jednotlivych rmutovacich postupl / Diagrams of individual mashing processes

9 °C v cylindrokdnickém tanku 7-8 dni. Poté bylo pivo béhem jed-
noho dne zchlazeno na 3 °C a po odstfelu kvasnic sesudovano do
keg-sudu. Lezeni v keg sudu pfi 0 °C trvalo 20-25 dni. Poté bylo pivo
Zfiltrovano na deskovém filtru.

3 VYSLEDKY A DISKUSE
3.1 Analytické parametry

Fyzikalni a chemické vlastnosti mladiny, mladého piva, piva na
konci lezeni a finalniho produktu jsou uvedeny v tab. 1.

Volny aminodusik: S klesajici teplotou vystirky v poradi infuze,
dvourmut, tfirmut rostl obsah volného aminodusiku (FAN) v mladiné

sah aminodusiku v mladiné 160 mg/l. U piva se od konce hlavniho

The batch volume was 130 litres. Kettle boil was set for 90 min, the
fermentation was set at 9 °C for 7-8 days in a uni-tank. After fer-
mentation the beer was cooled down to 3 °C during 24 hours and af-
ter yeast removal it was transferred into a keg. The aging process
took 20-25 days at 0 °C. The beer was then filtered through plate
and frame filter.

3 RESULTS AND DISCUSSION
3.1 Analytical parameters

Physical and chemical characteristics of wort, green beer, beer at
the end of aging and finished beer are shown in Tab. 1.

Free amino-nitrogen (FAN): With the dropping mash-in tempera-
ture the content of FAN in wort ranged from 175 to 200 mg/L in or-
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Tab.1 Fyzikalni a chemické parametry pfi riznych technologiich / Physical and chemical parameters of individual mashing method

Infuze / Infusion Jednormut / Dvourmut / Trirmut /
Single mash decoction | Double mash decoction | Triple mash decoction

Volny aminodusik / FAN [mg/l]
Mladina / Hopped wort 178 160 190 207
Mladé pivo / Green beer 100 109 123 122
Pivo na konci lezeni / Finished unfiltered beer 106 104 130 124
Filtrované pivo / Filtered beer 102 107 126 128
Celkovy rozpustny dusik / Total soluble nitrogen [mg/100 ml]
Mladina / Hopped wort | 93.5 | 92.4 | 98.3 91
Koagulovatelny dusik / Coagulable nitrogen [mg/l]
Mladina / Hopped wort 28 | 27 | 25 24
Barva / Colour [EBCU]
Mladina / Hopped wort 15.9 15.7 18.6 19.9
Mladé pivo / Green beer 12.5 12.7 14.9 16.0
Pivo na konci lezeni / Finished unfiltered beer 12.7 12.6 14.9 17.3
Filtrované pivo / Filtered beer 10.7 10.6 12.8 141
pH
Mladina / Hopped wort 5.39 5.51 5.37 5.53
Mladé pivo / Green beer 4.65 4.57 4.60 4.62
Pivo na konci lezeni / Finished unfiltered beer 4.75 4.68 4.79 4.54
Filtrované pivo / Filtered beer 4.65 4.62 4.71 4.53
Horkost / Bitterness [BU]
Mladina / Hopped wort 60.5 61.4 65.1 64.8
Mladé pivo / Green beer 38.1 38.9 45.3 42.6
Pivo na konci lezeni / Finished unfiltered beer 42.2 43.2 45.9 43.7
Filtrované pivo / Filtered beer 36.6 39.7 43.1 39.8
Studené kaly / Cold break content [g/50 g]
Mladina / Hopped wort | 0.449 | 0.418 | 0.34 0.313
Kaly ve valci dle Imhoffa / Wort solid content in Imhoff’s cone [ml]
Mladina / Hopped wort | 2.95 | 2.11 | 1.83 0.84
Celkové polyfenoly / Total polyphenols [mg/l]
Mladina / Hopped wort 226 267 293 286
Mladé pivo / Green beer 177 233 256 241
Filtrované pivo / Filtered beer 184 191 224 216
Oxidovatelné polyfenoly / Oxidizable polyphenols [mg/l]
Mladina / Hopped wort 7.25 | 7.81 | 9.89 8.03
Oxidované polyfenoly / Oxidized polyphenols [mg/l]
Mladina / Hopped wort 4.12 | B | 4.76 3.64
Tanoidy / Tannoids [mg/l]
Mladina / Hopped wort 126 151 123 134
Mladé pivo / Green beer 52.9 88.4 92.4 85.8
Filtrované pivo / Filtered beer 28.5 35.6 37.8 36.8
Anthokyanogeny / Anthocyanogens [mg/l]
Mladina / Hopped wort 44.2 79.4 90.4 88.2
Mladé pivo / Green beer 55.2 70.2 73.4 751
Filtrované pivo / Filtered beer 40.1 50.3 65.4 59.4
Alfa-glukany / Alpha-glucans [mg/l]
Mladina / Hopped wort 0.59 0.21 0.16 0.09
Diacetyl / Diacetyl [mg/l]
Mladé pivo / Green beer 0.352 0.261 0.231 0.294
Pivo na konci lezeni / Finished unfiltered beer 0.064 0.067 0.052 0.092
Filtrované pivo / Filtered beer 0.062 0.058 0.045 0.068
Vyssi alkoholy / Higher alcohols [mg/l]
Mladé pivo / Green beer 75.2 75.6 79.4 64.5
Filtrované pivo / Filtered beer 77.7 65.8 76.3 65.6
Estery / Esters [mg/l]
Mladé pivo / Green beer 18.27 17.9 17.78 14.21
Filtrované pivo / Filtered beer 17.59 18.35 14.81 14.54
Pomér vyssi alkoholy/estery / Higher alcohols/esters ratio
Mladé pivo / Green beer 412 4.22 4.47 4.54
Filtrované pivo / Filtered beer 4.42 3.59 5.15 4.51
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Acetaldehyd / Acetaldehyde [mg/l]

Mladé pivo / Green beer 11.3 10.2 8.1 7.2
Filtrované pivo / Filtered beer 10.7 10 8.3 6
Dimethylsulfid (DMS) / Dimethylsulphide (DMS) [mg/1]

Mladina / Hopped wort 18 15 14 12
Filtrované pivo / Filtered beer 46 38 36 88
Prekursory dimethylsulfidu (PDMS) / Dimethylsulphide precursors (PDMS) [mg/l]

Mladina / Hopped wort | 42 | 38 26 23
Cislo kyseliny thiobarbiturové (TBA) / Thiobarbituric acid index (TBI)

Mladé pivo / Green beer 50.4 52.4 57.6 63.2
Pivo na konci lezeni / Finished unfiltered beer 50.2 52.1 52.7 51.4
Filtrované pivo / Filtered beer 48.2 49 50.6 46.6

kvaseni obsah aminodusiku neménil. Vyssi obsahy aminodusiku byly
na konci kvaseni u piv pfipravenych dvou- a tfirmutovym postupem.
U tfirmutu a infuze byl pozorovan vyrazngjsi ubytek aminodusiku
v pribéhu kvaseni.

Celkovy rozpustny dusik: V poradi infuze-jednormut-tfirmut do-
Slo k poklesu celkového rozpustného dusiku v mladiné, vyjimkou
v této fadé byl dvourmut, ktery dosahl nejvysSich hodnot. Tato zdan-
liva anomalie u dvourmutového postupu je dana dlouhou prodievou
pfi 52 °C bez pfedchozi inaktivace ¢asti enzym0, ke které dochazi
u tfirmutu.

Koagulovatelny dusik v mladiné: V pfipadé koagulovatelného
dusiku byla nalezena oCekavana zavislost na rmutovacim procesu,
tj. pokles v fadé od infuze ke tfirmutu, ktera odpovidala délce pova-
fovani pfi rmutovani.

Barva: Byla nalezena jednoznacna zavislost barvy mladiny a piva
na délce procesu rmutovani. Dle pfedpokladi doslo k ubytku barvy
béhem kvaseni a pfi filtraci.

pH: Mladiny jednormutu a tfirmutu mély vyssi hodnoty pH nez in-
fuze a dvourmut, ale pfi kvaseni doSlo k vy§§imu ubytku. V dalSich
fazich jiz bylo pH témér beze zmén.

Horkost: Projevil se jasny trend narlstu horkosti v mladinach
v fadé od infuze ke tfirmutu, pfi€emz hodnoty u dvou- a tfirmutu byly
srovnatelné. Stejny trend se projevil i v pivu, kde pfi kvaSeni doSlo
k ocekavanému poklesu a pak jiz byly rozdily minimalni.

Studené kaly: Obsah studenych kalu klesal v fadé od infuze ke
tfirmutu.

Kaly ve valci podle Imhoffa: Stanoveni kall ve vélci podle Im-
hoffa potvrdilo jednoznaénou zavislost poklesu obsahu kalli v fadé
od infuze ke tfirmutu.

Celkové polyfenoly: Obsah celkovych polyfenolt v mladiné zfe-
telné rostl od infuze ke tfirmutu, pfi¢emz hodnoty u dvou- a tfirmutu
byly srovnatelné. Pfi kvaSeni i lezeni do$lo k jejich Ubytku. Pouze v pfi-
padé infuze nebyl zaznamenan ubytek pfi lezeni.

Oxidované a oxidovatelné polyfenoly: U obsahu oxidovatelnych
polyfenolll byl patrny rostouci trend smérem ke tfirmutu. Nejvyssi vy-
sledky u dvourmutu odpovidaly vysledkim celkového rozpustného
dusiku. Patrné doslo k nastépeni bilkovin na frakce, které se nesrazi
s polyfenoly, ale rovnéz nejsou rozstépené az na aminodusik.

Rovnéz obsah oxidovanych polyfenoll byl nejvy$si u dvourmutu,
dale klesal v fadé infuze, tfirmut a jednormut.

Tanoidy: Obsah tanoidl v mladiné byl vy$Si u jednormutu a tfir-

kokénich postupa.

Anthokyanogeny: U anthokyanogend byla zejména ve filtrovaném
pivu patrna stejna zavislost jako u celkovych polyfenold, tj. rostouct
trend v fadé od infuze ke tfirmutu, pfi¢emz hodnoty u dvou- a tfirmutu
byly srovnatelné.

Alfa-glukany: Obsah alfa-glukanu signifikantné klesal od infuze ke
tfirmutu.

Diacetyl: Diacetyl a pentadion patfi mezi produkty vznikajici pfi kva-
Seni, a proto zde nebyla nalezena zavislost jejich obsahu na rmuto-
vacim postupu. Lze pfedpokladat, ze vy$8i hodnoty na konci hlavniho
kvaseni u infuzniho postupu byly zptisobeny vys$si produkci tohoto pre-
kurzoru aminokyselin diky niz§imu mnozstvi aminokyselin v mladiné
(viz FAN) a rychlejsim kvasenim vlivem vy$§iho obsahu kald. U tfi-
rmutu se naopak Ize domnivat, ze diky vy§8§imu FAN mohla byt vyssi

der of infusion, double mash decoction and triple mash decoction.
The single mash decoction was an exception, it provided the lowest
content of FAN in the wort of 160 mg/L. The content of FAN did not
change since the end of the main fermentation. At the end of fer-
mentation, the highest content of FAN was found in beers prepared
using double and triple mash decoction. The most significant drop in
the content of FAN during the fermentation was found in triple mash
decoction and infusion worts.

Total soluble nitrogen: In the order infusion, single mash decoc-
tion and triple mash decoction, the total soluble nitrogen in the wort
dropped, an exception to this order pattern was the double mash de-
coction, which reached the highest levels. The cause of this pheno-
menon in the case of the double mash decoction was a long break
at 52 °C without previous partial enzyme inactivation, which occurs
during triple mash decoction.

Coagulable nitrogen in the wort: In the case of coagulable nit-
rogen, the expected relation with the mashing method was confir-
med. The relation shows the decrease in the order infusion to triple
mash decoction, mash boiling time determined the level of coagu-
lable nitrogen.

Colour: A strong relation between the colour of the wort and the
beer and the length of the mashing cycle was found. As expected,
the colour decreased during fermentation and filtration.

pH: Initially, the single and triple mash decoction worts had higher
pH levels than infusion and double mash decoction, but the level drop-
ped more during fermentation. The pH level was almost without
change in the next phases.

Bitterness: A clear tendency of growth of the bitterness level in
worts was measured in the order from infusion to triple mash de-
coction, while the double and triple mash decoction levels were com-
parable. The same tendency appeared in the beer as well, where the
expected decrease was observed during fermentation and there-
inafter the differences were minuscule.

Cold break: The content of cold break decreased in the following
order: infusion to triple mash decoction.

Wort solids content in Imhoff’s cone: The wort solids confirmed
a decreasing trend in the wort solids in the order infusion to triple
mash decoction.

Total polyphenols: The total polyphenol content in the wort visibly
increased in the order infusion to triple mash decoction, while the
double and triple mash decoction levels were comparable. The levels
dropped during fermenting and aging. Only in the case of infusion no
drop was measured during aging.

Oxidized and oxidizable polyphenols: A visible increasing trend
was seen in the content of oxidizable polyphenols from infusion to triple
mash decoction. The highest levels measured in double mash decoc-
tion wort concur with the content of total soluble nitrogen. Apparently,
the protein was broken down into fractions, which do no precipitate with
polyphenols, but nor are they broken down into amino-nitrogen.

The content of oxidized polyphenols was also the highest using
double mash decoction, and decreased in the order infusion, triple
mash decoction and single mash decoction.

Tannoids: The tannoid content was the highest in single and triple
mash decoction worts. After the main fermentation, the tannoid con-
tent was the lowest in infusion and comparable amongst the indivi-
dual decoction methods.

Anthocyanogens: Particularly in filtered beer, the same trend as
with total polyphenols was observed. That is, the content increased
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hodnota zplisobena vy$si produkci béhem delsi utilizace aminokyse-
lin 1. skupiny. BEhem leZeni doslo k poklesu a vyrovnani hodnot.

Vyssi alkoholy: Prestoze tékavé latky zastoupené estery a vys-
Simi alkoholy patfi mezi produkty vznikajici pfi hlavnim kvaseni, byl
zde (s vyjimkou dvourmutu) nalezen urcity trend poklesu obsahu
téchto latek v radé od infuze ke tfirmutu.

Estery: Obsah esterli v mladém pivu byl s vyjimkou tfirmutu srov-
natelny, ve filtrovaném pivu doslo u dvourmutu k jeho poklesu na hod-
noty srovnatelné s tfirmutem.

Pomeér vyssi alkoholy/estery: Nebyla pozorovana zadna zavis-

u dvourmutu. U infuze a tfirmutu byl tento pomér srovnatelny.

Acetaldehyd: Obsah acetaldehydu v mladém pivu zfetelné klesal
v fadé od infuze ke tfirmutu. Podobné, avSak v mensim méfitku, kle-
sal u hotového piva.

Dimethylsulfid (DMS) a jeho prekursory (PDMS): U obsahu
DMS i PDMS byl v mladiné pozorovan klesajici trend v fadé od in-
fuze ke tfirmutu. Podobny trend byl pozorovan i ve filtrovaném pivu.

Cislo kyseliny thiobarbiturové: Cislo TBA vzristalo v mlading
v fadé od infuze ke tfirmutu, v mladém a filtrovaném pivu v§ak byly
rozdily minimalni.

Byly sledovany jesté dalSi parametry, u nichz v§ak byly mezi jed-
notlivymi postupy jen minimalni rozdily nebo nebyla shledana zadna
zavislost (v tab.1 nejsou zahrnuty):

Cirost filtrovaného piva — pfi 90° — 0,4+0,1, pfi 15° —0,2+0,1, bez
zavislosti

Hrubé kaly v mladiné — bez zavislosti

Oxalaty — bez zavislosti

Beta-glukany — bez zavislosti

Cukry v mladiné — srovnatelné obsahy, pouze u dvourmutu a tfir-
mutu byl nalezen vy3Si obsah glukosy

Cukry v mladém a filtrovaném pivu odpovidaji prokvaseni
Mastné kyseliny v mladiné a ve filtrovaném pivu — srovnatelné ob-
sahy, bez zavislosti v mladiné i v pivu.

3.2 Senzoricka analyza

Zakladni chutové vlastnosti (obr. 3): V fizu a ve sladové chuti a vini
byl rozdil minimalni, kvalita a intenzita horkosti, chmelové viiné a chuti
byla hodnocena s rostoucim trendem od infuze ke tfirmutu, ktery byl
v téchto parametrech hodnocen nejlépe.

Cizi viiné a chuti:(obr. 4a, 4b)

Esterova chut se snizovala v poradi jednormut, dvourmut, infuze,
tfirmut.

Svirava chut se zvySovala v poradi infuze, jedno- a dvourmut, ale
u tfirmutu byla prakticky stejna jako u infuze.

in the order infusion to triple mash decoction, while the double and
triple mash decoction levels were comparable.

Alpha-glucans: The content of alpha-glucans significantly decre-
ased from infusion to triple mash decoction.

Diacetyl: Diacetyl and pentadion are by-products of fermentation,
thus no relation of their content to the mashing method was found.
One may assume, that the higher levels of diacetyl found in infusion
beer after the main fermentation were caused by the increased pro-
duction of the aminoacid precursor due to the lower content of the
aminoacids in the wort (see FAN) and faster fermenting caused by
the higher wort solids. In the triple mash decoction, which, on the ot-
her hand, has higher levels of FAN, it can be assumed that the lon-
ger utilization of the 1. group aminoacids was the cause for the high
diacetyl level. During aging, the level of diacetyl dropped to similar
levels in all cases.

Higher alcohols: Although, volatile substances represented by es-
ters and higher alcohols are by-products of the main fermentation,
a certain trend was found (with the exception of double mash de-
coction) indicating a decrease in content of these substances in the
order infusion to triple mash decoction.

Esters: The esters content in green beer was with the exception
of triple mash decoction comparable. In filtered beer, the esters con-
tent for double mash decoction decreased to a level comparable with
triple mash decoction.

Higher alcohols/esters ratio: No relation was observed. In finis-
hed beer, the ratio was the lowest in single mash decoction and the
highest in double mash decoction. The ratio was comparable for in-
fusion and triple mash decoction.

Acetaldehyde: The acetaldehyde content in green beer was dra-
matically decreasing in the order infusion to triple mash decoction.
Similarly, although in a smaller scale, it was decreasing in finished
beer as well.

DMS and PDMS: A decreasing trend of the DMS and PDMS con-
tent in worts was observed in the order infusion to triple mash de-
coction. A similar trend was also observed in filtered beer.

Thiobarbituric acid index (TBI): The TBI increased in worts in the
order infusion to triple mash decoction. Nevertheless, in green and
filtered beer the differences were minor.

More parameters were monitored, however, only minor differences
or no relation at all were found amongst the individual methods (no
included in tab. 1):

Filtered beer clarity — at 90° — 0.4+0,1, at 15° — 0.2+0,1, no relation
Hot break in wort — no relation

Oxalates content — no relation

Beta-glucans — no relation

Wort carbohydrates — comparable contents, only in double and triple
mash decoction a higher glucose content was measured

4
3.5
3
2,5 H
2 =
1,5 4
1 |
0,5 H
O 1 -
Riz / Chut/ Viné/ |Intenzita/| Kvalita/ | Intenzita/| Kvalita/ | Intenzita/| Kvalita/
Sharpness| Taste Aroma Intensity | Quality | Intensity | Quality | Intensity | Quality
Sladova / Malt Chmelova vané / Chmelova chut / Horkost / Bitternes
Hop aroma Hop Taste
O Infuze / Infusion 2.59 2.12 1.68 2.04 2.46 2.38 2.29 3.08 2.78
@ Jednormut / Single mash 2.71 2.20 1.80 1.96 2.38 2.67 2.67 3.17 2.79
E Dvourmut / Double mash 2.84 2.08 1.84 212 2.63 2.56 2.54 3.21 3.04
B Trirmut / Triple mash 2.54 2.20 1.67 2.40 2.83 2.79 2.83 3.43 3.34

Obr. 3/ Fig. 3 Zakladni senzorické vlastnosti / Fundamental sensory characteristics
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Karamelova chut byla vy$si u jednormutu a tfirmutu, nizsi pak u in-
fuze a dvourmutu.

Trpka chut se snizovala v pofadi jednormut, infuze, dvourmut, tfir-
mut.

Diacetylova viné klesala v poradi infuze, jednormut, dvourmut, ale
u tfirmutu byla témér stejna jako u infuze.

Pfipalena viiné se zvysovala od infuze ke tfirmutu (mezi dvourmu-
tem a tfirmutem byl velky rozdil).

U ostatnich cizich chuti bylo jen minimum pfipominek degustatoru.
Nejvice pfipominek bylo k dimethylsulfidu, u néjz klesala intenzita
v poradi infuze, jednormut a u dvou- a tfirmutu byla srovnatelna.
Pitelnost: (obr. 5) Pitelnost odpovidala pofadi hodnoceni vzorkl
a stoupala v poradi jednormut, infuze, dvourmut, tfirmut.

4 NEJVYRAZNEJSi ODLISNOSTI MEZI JEDNOTLIVYMI
POSTUPY

Z provedenych pokusU vyplynuly nasledujici nejvyraznéjsi zavery
pro jednotlivé varni postupy:

Green and filtered beer carbohydrates — concur with the degree
of attenuation

Fatty acids in worts and filtered beer — comparable contents, no
relation in worts or beer

3.2 Senzory evaluation

Fundamental taste characteristics (Fig. 3): Minor differences
were found for crispiness and malt taste and flavour. Quality and in-
tensity of bitterness, hop aroma and taste was evaluated to have an
increasing tendency in the order infusion to triple mash decoction,
which received the best results in these parameters.

Foreign tastes and flavours: (Fig. 4a, 4b)

Estery taste decreased in the order single, double mash decoc-
tion, infusion and triple mash decoction.

Astringency increased in the order infusion, single and double
mash decoction, but was practically the same for triple mash decoc-
tion and infusion.

Caramel taste was higher in single and triple mash decoction, lo-
wer in infusion and double mash decoction.

Infuze Harsh taste decreased in the order single mash decoction, infu-
U tohoto postupu byla pozorovana nejnizsi barva, horkost a obsahy  sion, double and triple mash decoction.
2
1,8
1,6
1,4
1,2
1 -
0,8
0,6 | |
04 | |
0,2 1
0
Esterova / Svirava / Karamelova / Trpka / Diacetylova / Pripalena /
Estery Astringency Caramel Marsh Diacetyl Burned
O Infuze / Infusion 1.16 1.60 0.92 0.68 1.39 0.72
@ Jednormut/ Single mash 1.39 1.76 1.08 0.75 1.36 0.72
[l Dvourmut / Double mash 1.39 1.80 0.96 0.64 1.27 0.77
Bl Trirmut/ Triple mash 0.84 1.63 1.08 0.52 1.40 1.05
Obr. 4a / Fig. 4a Cizi viné a chuté / Foreign tastes and flavours
2
1,5
1
0,5
" |
Oxidacni / Prachova / Kovova / Miécéna / Kysela / DMS / Sirova /
Oxidized Powdery Metallic Dairy Sour DMS Sulphury
O Infuze / Infusion 0.04 0.00 0.08 0.08 0.13 0.47 0.04
@ Jednormut/ Single mash 0.20 0.04 0.04 0.08 0.16 0.44 0.23
[l Dvourmut / Double mash 0.12 0.00 0.04 0.12 0.08 0.32 0.00
Bl Trirmut / Triple mash 0.12 0.08 0.00 0.04 0.04 0.32 0.00

Obr. 4b / Fig. 4b Cizi viiné a chuté / Foreign tastes and flavours
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Obr.5/ Fig. 5 Diacetyl flavour decrea-
Pitelnost / Drinkability 8 1. série | 2. série i pramer ] sed in the order infusion,
75 single and double mash de-
! coction, but was almost the
7 same for triple mash decoc-

tion and infusion.
6,5 1 Burned flavour increa-
sed from infusion to triple
61 mash decoction (there was
55 a major difference between
! double and triple mash de-

5 coction)

15t series 2rd series Average Little comments were
- made about other off-fla-
O Infuze / Infusion 6.24 5.38 5.81 vours. But the most com-
@ Jednormut / Single mash 5.83 5.54 5.69 ments were towards DMS,
in which the intensity decre-
. DVOUrmUt/DOUbIe maSh 648 5.77 613 ased in the Order infusion’
B Trirmut/ Triple mash 7.50 6.50 7.00 single mash decoction and

was comparable in double

celkovych i oxidovatelnych polyfenold, tanoidll, anthokyanogent(, ko-
agulovatelného dusiku, studenych kalu i kalt ve vélci podle Imhoffa.
Nejvyssi byly obsahy alfa-glukant, DMS a PDMS v mladiné a DMS
v pivu. Pfi senzorické analyze byl tento postup hodnocen jako v po-
fadi treti.

Jednormut
U tohoto postupu nebyly zaznamenany Zadné extrémni vysledky, pfi
senzorické analyze byl vyhodnocen jako nejhorsi.

Dvourmut

U tohoto postupu byly pozorovany nejvyssi obsahy celkového roz-
pustného dusiku, celkovych polyfenoll a oxidovatelnych i oxidova-
nych polyfenoly. PFi senzorické analyze se tento postup umistil na
druhém misté.

Trirmut

U tohoto postupu byly nalezeny nejnizsi obsahy alfa-glukan(i, DMS
a PDMS v mlading, DMS v pivu, studené kaly, kaly ve valci podle Im-
hoffa, naproti tomu nejvyssi byly hodnoty barvy, horkosti a obsahy
volného aminodusiku, koagulovatelného dusiku, tanoid(i a anthoky-
anogenu. Pfi senzorické analyze byl tento postup vyhodnocen jako
nejlepsi.

5 ZAVER

Vlastnosti hotového piva jsou vyrazné ovlivnény rmutovacim pro-
cesem, a proto je pro udrzeni charakteru kazdého piva nutné za-
chovavat tradiéni postup.

Ackoli Ize pfi rozdilnych technologickych postupech dosahnout po-
dobnych analytickych vysledkl, je zfejmé, Ze vysledna kombinace
Gcinkl jednotlivych slozek piva zdsadné ovlivni celkové hodnoceni
pfi senzorické analyze. Zejména u ¢eskych piv, vyrdbénych dekoké-
nim postupem, ktera maji vysokou pitelnost, mize mit zména varniho
postupu fatalni nasledky.

Podékovani

Dékuiji véem spolupracovnikiim, ktefi se na tomto Ukolu spolupo-
dileli, zejména pak vSem pracovnikim laboratofi Plzefiského Pra-
zdroje, a. s., ktefi provedli vétSinu analyz.

Literatura

[1] Basafova, G., Cepicka, J.: Sladafstvi a pivovarstvi. SNTL, Praha,
1985.

[2] Kosal, K., Prochazka, S. (ed.): Technologie vyroba sladu a piva.
VUPS, Praha, 2000, ISBN 80-902658-6-3.

[3] Faus. F., Sebelik, J., ViI€ek, V.: Technologie sladu a piva — Dil Il.,
Prace 01, Praha 1953.

[4] Kunze, W.: Technology Brewing and malting. VLB, Berlin, 1996,
ISBN 3-921690-34-X.

Predneseno na 32. pivovarsko-sladarskem seminari,
Pizeri 13—14. 10. 2004

and triple mash decoction.

Drinkablity: (Fig. 5) The drinkability increased in the order single
mash decoction, infusion, double mash decoction and triple mash de-
coction, and completely confirmed the individual sample preferences.

4 MAJOR DIFFERENCES BETWEEN THE INDIVIDUAL
METHODS

Based on the conducted experiments, these are the most signifi-
cant conclusions for each individual mashing method:

Infusion

This method showed the least colour, bitterness and contents of to-
tal and oxidizable polyphenols, tannoids, anthocyangens, coagulable
nitrogen, cold break and wort solids in the Imhoff’s cone. It was the
highest in the contents of alpha-glucans, DMS and PDMS in the wort
and DMS in beer. Overall, this method ranked third in the sensory
evaluation.

Single mash decoction
No extreme results were observed; the method was assessed as the
worst in the sensory evaluation.

Double mash decoction

This method showed the highest contents of total soluble nitrogen,
total polyphenols and oxidizable as well as oxidized polyphenols. Ove-
rall, this method ranked second in the sensory evaluation.

Triple mash decoction

This method showed the lowest contents of alpha-glucans, DMS and
PDMS in the wort, DMS in beer, cold break, wort solids in Imhof-
f's cone. On the other hand, the highest were the levels of colour,
bitterness and content of FAN, coagulable nitrogen, tannoids and ant-
hocyanogens. Overall, this method ranked first in the sensory evalu-
ation.

5 CONCLUSION

The mashing process significantly affects the character of the fi-
nished beer and that is why it is important to follow the traditional
mashing method.

Although it is possible to achieve similar analytical results using dif-
ferent technological (mashing) processes, it is obvious that the final
effect of the individual beer components will dramatically influence
the sensory evaluation. A change of the brewing process can have
fatal consequences especially for Czech beers, which are traditio-
nally brewed using decoction mashing resulting in their exceptional
drinkability.
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