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Mikyska, A. — Slaby, M.: Studium energeticky tispornych systémti chmelovaru pro vyrobu Ceského piva. Kvasny Prum. 61, 2015,
€. 2,s.26-33

Vliv systém(i nizkotlakého a dynamického nizkotlakého chmelovaru na ekonomiku varniho procesu a kvalitu Ceského piva byl zkou-
man v pilotnich pivovarskych pokusech (200 ) na svétlém lezaku, vyrobeném v souladu s Chranénym zemépisnym oznacenim Ceské
pivo. Procesni parametry varek byly navrzeny tak, aby u nizkotlakych chmelovard a atmosférického chmelovaru byly srovnatelné kon-
verze chmelovych a-kyselin a tepelné zatizeni mladiny. Pres vyvazené redukovany €as varu a stejny obsah iso-a-kyselin v mladiné,
ukazaly nizkotlaké chmelovary zvySujici se vynos iso-a-kyselin v pivu v fadé atmosféricky, dynamicky nizkotlaky a nizkotlaky chmelovar.
Pénivost naopak v tomto pofadi klesala. Nizkotlaky var uSetfil vyznamné mnozstvi asu a energie (28 % a 25 %), ale senzorickéa kvalita
vyrobeného piva byla prikazné odliSna (hodnocena jako méné pfijemna) v porovnani s atmosférickym systémem chmelovaru. Piva vy-
robena dynamickym nizkotlakym a atmosférickym varem nebyla trojuhelnikovym testem odliSena. Tato technologie mize usSetfit znacné
mnozstvi ¢asu a energie (cca 0 22 % a 15 %). V tomto ¢lanku jsou uvedeny vysledky zakladni pilotni studie, které budou ovérovany
a roz8ifovany v dalSi praci na této problematice.

MikysSka, A. - Slaby, M.: Study of energy-saving wort boiling systems for Czech beer production. Kvasny Prum. 61, 2015, No. 2, pp. 26-33

The effects of a low-pressure and dynamic low-pressure wort boiling systems on a brewing process economy and quality of the Czech
beer were studied in a pilot scale trial brews (200 L) of pale lager beer, that had been prepared in agreement with Protected Geographical
Indication Czech beer. The process parameters of brews were designed to make conversion of hop a-acids and thermal charge of wort in
low-pressure and atmospheric wortboiling comparable. Despite the balance-reduced boiling time and equal iso-a-acids content in worts,
low-pressure wort boiling systems showed increasing yield of iso-a-acids in beer in a series of atmospherics, dynamic low-pressure and
low-pressure wort boiling. Conversely to that, head retention decreased in this order. Low-pressure boiling saved significant amount of
time and energy (28% and 25%), but sensorial quality of produced beer was significantly different (evaluated as less pleasant), compared
to the classical atmospheric boiling system. Beers prepared with the use of dynamic low-pressure and atmospheric boiling have not been
distinguished by triangle test. This technology can save a considerable amount of time and energy (approximately 22% and 15%).This
article presents the results of the basic pilot study, which will be verified and extended in the further work on this issue.

Mikyska, A. — Slaby, M.: Studie liber energieeffiziente Systeme der Wiirzekochen fiir die Bierherstellung des Tschechisches Bier.
Kvasny Prum. 61, 2015, Nr. 2, S. 26-33

Der Einfluss von den Niederdruck- und dynamisch Niederdrucksystemen auf die Herstellungskosten des Brauprozesses und auf die
Qualitat des Tschechisches Bieres wurde im Pilot Bedingungen bei der Herstellung Helles Lager Bieres (Sud 200 Liter) in Uberein-
stimmung mit der Geschutzten geografischen Angabe , Tschechisches Bier” getestet. Die Prozessparameter der Sude wurden so vorge-
schlagen, dass bei dem Niederdruck- und bei dem atmospharischen Hopfenkochen eine vergleichbare Konversionen Hopfen a-Sauren
und thermische Belastung der Wiirze waren. Trotz der ausgewogene reduzierten Kochzeit und gleichem Gehalt an Iso-a-Sauren, wies
das Niederdruckkochen erhéhte Menge an Iso-a-Sauren im Bier in einer folgenden Reihenfolge auf: atmosphérisches Kochsystem,
dynamisch Niederdruckkochsystem und Niederdruckkochsystem. In der gleichen Reihenfolge jedoch nahm die Schaumbarkeit ab. Nie-
derdruckkochsystem hat wesentlich die Zeit und Energie eingespart, aber die sensorische Qualitét des unter Niederdruck hergestellten
Bieres im Vergleich dem atmosphérischen Hopfenkochen war signifikant unterschiedlich (ausgewertet als weniger angenehm). Das
unter Anwendung des dynamischen Niederdrucksystems hergestellte Bier und ,atmosphérisches® Bier waren beim Dreieckstest nicht
unterscheidbar. Diese Technologie kann viel Zeit und Energie (etwa um 22% und 15%) einsparen. Im Artikel werden Ergebnisse aus
der Pilot Grundstudie angefiihrt, die wahrend der Téatigkeit auf dieser Problematik weiter validiert und verbreitet werden.

Kli€ova slova: chmelovar, kvalita piva, horké kyseliny, varni
systémy, senzoricky aktivni tékavé latky

1 UVOD

Klasicky atmosféricky var sladiny s chmelem je vzhledem k vy-
soké hodnoté vyparného tepla vody (2257 kJ/kg pfi teploté 100 °C)
cesu (Esslinger, 2009). Proto je vyvoji UspornéjSich systému véno-
vano znaéné usili jiz fadu let. V prvni fazi bylo energetickych uspor
dosazeno rekuperaci tepla kondenzaci brydovych par. Pozornost se
dale zaméfila na zasadni snizeni odparu pfi chmelovaru, vysledkem
vyvoje jsou systémy chmelovaru pracujici s jinym nezli atmosféric-
kym tlakem.

Bylo vyvinuto mnoho systémi chmelovaru s internimi/externimi
varaky, vysokotlaky (vysokoteplotni) var, nizkotlaky var, dynamicky
nizkotlaky var Soft-boiling ,Sho-Ko” a dalsi. Pouziva se stripovani
mladiny, postevaporace pro odstranéni nezadoucich tékavych la-
tek po chmelovaru (vakuovym odparovanim, mzikovym odparenim)
(Esslinger, 2009; Basarova et al., 2010). Kazda zména technologic-

Keywords: beer quality, bitter acids, boiling systems, sensory
active volatiles, wort boiling

1 INTRODUCTION

Due to the high value of the evaporation heat of water (2,257 kd/kg
at a temperature of 100 °C), the standard atmospheric boiling of the
wort with hops is the most energy-demanding technological operation
of the beer brewing process (Esslinger, 2009). Therefore, consider-
able amount of effort have been devoted to the development of more
efficient systems for many years. In the first phase, savings have
been achieved by heat energy recovery due to a vapor condensation.
Attention has been also focused on the crucial reduction of evapora-
tion in the course of boiling period, resulting in the development of the
systems operating with other than atmospheric pressure.

There are many systems of wort boiling with internal/external boil-
ers, classic atmospheric wort boiling, high-pressure (high tempera-
ture) boiling, low-pressure boiling, dynamic low-pressure boiling,
Soft-boiling “Sho-Ko” and others. Wort stripping, post evaporation
of undesirable volatiles after wort boiling (vacuum evaporation, flash
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kého zafizeni je spojena s rizikem zmén senzorického charakteru
piva.

Cilem chmelovaru je zajistit optimalni vyuziti chmelovych prys-
kyfic a silic, zajistit vytékani senzoricky nezadoucich latek, vytvofit
predpoklady pro koloidni stabilitu piva precipitaci tfislobilkovinnych
komplext a souc¢asné zamezit nadmérné tvorbé termickych pro-
duktl s dopadem na senzorickou stabilitu piva (Esslinger, 2009;
Basarova, et al. 2010). Jde o pozadavky z¢asti protichtdné, pro-
to je nutno Cinit uvazené kompromisy vedouci k optimalni celkové
kvalité mladiny.
slozky chmele. Jejich transformaéni produkty tvofené pfi varu jsou
zdrojem hoftkosti piva a stabilizuji pivni pénu. Hlavni podil na celko-
vé horkosti piva maji a-kyseliny, které se pfi chmelovaru izomeru-
ji na pfislusné cis- a trans-iso-a-kyseliny s rozdilnym charakterem
horkosti a stabilitou (Jaskula et al., 2010). Jejich horkost, zmény
v pribéhu starnuti piva, autooxidaéni reakce a dalsi vlastnosti jsou
dobfe popsany (Jaskula et al., 2010; Hughes a Simpson, 1996).
Byly také zpracovany kinetické studie izomeraéni reakce za riznych
podminek chmelovaru (Intelmann a Hofmann, 2010). Izomerace je
dynamickym procesem tvorby a nasledné ¢aste¢né degradace iso-
-a-kyselin, ktery zavisi zejména na teploté, dobé varu a proudéni
v panvi. Termicka degradace iso-a-kyselin vede k tvorbé senzoricky
nezadoucich slou¢enin (Malowicki a Shellhammer, 2005).

Chovani B-kyselin za stejnych podminek je zcela odli§né. Ne-
mohou izomerovat, protoze neobsahuji terciarni alkoholovou sku-
pinu v aromatickém jadru, jsou ale citlivé k oxidac¢nim reakcim
(Verzele a De Keukeleire, 1991). Nejdéle znamymi oxida¢nimi
produkty rozkladu B-kyselin jsou hulupony (Aitken et al., 1970).
Na rozdil od jinych latek byla jejich existence a hof€ici schopnost
potvrzena i v nedavnych studiich (Haseleu et al., 2009). Oxidaéni
produkty B-kyselin v pivu vykazuji pfijemnou horkost podobnou
hotkosti iso-a-kyselin (Krofta et al., 2013). Aromatické chmele ob-
sahuji znac¢ny podil B-kyselin, proto je pfi aplikaci téchto chmell
zadouci zohlednit i pfispévek B-kyselin. Tradi¢ni zatecky chmel
ma pomér a/B-kyselin 0,7-0,9, u dalSich ¢eskych odriid Sladek,
Harmonie, Zatecky pozdni a Bohemie je pomér pfiblizné roven
jedné (Anonymus, 2012). Transformaéni produkty - kyselin jsou
stanoveny spolu s iso-a-kyselinami pfi bézné pouzivaném ne-
specifickém stanoveni horkosti metodou EBC 9.8. (Krofta et al.,
2013).

Nékteré jednoduché i slozitéjsi chmelové polyfenoly a jejich oxi-
daéni produkty tvofené pfi chmelovaru jsou senzoricky aktivni, mo-
hou ovlivnit hotkost a trpkost piva (Callemien et al., 2005; McLaugh-
lin et al., 2008).

Silice chmele a jejich transformaéni produkty jsou senzoricky ak-
tivnimi latkami. Jsou nositeli $kaly vuni/chuti oznacovanych jako ko-
fenité a kvétinové. Obsah a slozeni silic v pivu vyznamnou mérou
zavisi jak na chmelu, tak na podminkach chmelovaru, dobé varu,
odparu (Esslinger, 2009; Peacock, 2010; Mitter et al., 2001). Za vy-
znamné slozky silice jsou povazovany zejména linalool a myrcen,
u Zateckého poloraného Cervenaku je to B-farnesen. Vyzkum silic
v pivu stale probihd, u linaloolu neni ze senzorického hlediska roz-
hodujici jeho celkovy obsah, ale vyznamnéjSi ulohu hraje zména
poméru R a S formy béhem chmelovaru. Byly identifikovany i dalsi
senzoricky aktivni produkty silic (Peacock, 2010).

Termické zatiZzeni pfi varu ma za nasledek tvorbu karbonylovych
latek odpovédnych za staré chuti v pivu (Herrmann et al., 2010). In-
formativni posouzeni je provadéno stanovenim cCisla kyseliny thio-
barbiturové, které by u vyrazenych mladin nemélo pfesahovat hod-
notu TBA = 45 (Kosaf a Prochazka, 2000).

Vyrobci varnich zafizeni dokladaji uc¢innost svych zafizeni pfe-
devSim na zékladé ekonomické vyhodnosti a vytéZznosti horkych
latek. Publikovano bylo i porovnani varnich systémua na tomto za-
kladé se zahrnutim markeru chmelovych silic, linaloolu (Mitter et
al., 2007). Vyroba piva v Ceské republice je charakteristicka po-
uzitim méné rozlusténych sladl, dekokénim rmutovanim a chme-
lenim aromatickymi odriidami chmele, pro vyrobu piv dle CHZO
Ceské pivo je tento postup zavazny (Anonymus, 2008). Pro vyuziti
modernich energeticky Uspornych systém( chmelovaru k vyrobé
Ceského piva, tedy v surovinové a technologicky odliSnych pod-
minkach, chybi relevantni informace o jejich vlivu na zmény kvality
piva. Tyto informace muize poskytnout porovnani zékladnich typl
varnich systémua v pokusném méfitku na jednotnych surovinach
a jedné technologické lince.

Cilem provedené studie bylo porovnat rizné varni systémy z hle-
diska ekonomiky vyroby a specifickych pozadavk( na senzorické
vlastnosti ¢eského piva.

evaporation) is used (Esslinger, 2009; Basarova et al., 2010). How-
ever any change in technology is associated with the risk of changes
in sensory character of beer.

The aim of wort boiling is to ensure optimum utilization of hop
resins and hop oils, ensuring volatilisation of sensory undesirable
substances (e.g. dimethyl sulfide, thermal products of some hop es-
sential oils), creating the conditions for the colloidal stability of beer
by tannin-protein complexes precipitation while avoiding excessive
formation of thermal products affecting the sensory stability of beer
(Esslinger, 2009; Basarova et al., 2010). These are partly contradic-
tory requirements, so it is necessary to make judicious compromises
leading to optimal overall wort quality.

Hop resins are the most important hop components for brewers.
Their transformation products formed during boiling are the source
of beer bitterness and stabilize the beer foam. To the overall beer
bitterness, the main contribution have the a-acids (humulones). In
the course of wort boiling, these substances subject to isomerization,
that results in to a cis-and trans-iso-a-acids with a different bitterness
character and stability during wort boiling (Jaskula et al., 2010). Their
bitterness changes during beer aging, autooxidative reactions and
other properties are well described (Jaskula et al., 2010; Hughes
and Simpson, 1996). Kinetic studies of the isomerization reaction un-
der various wort boiling conditions were also carried out (Intelmann
and Hofmann, 2010) Isomerization is a dynamic process of iso-a- ac-
ids creation and subsequent partial degradation, which depends on
temperature, time and flow conditions in the boiling kettle. Thermal
degradation of iso-a-acids leads to the formation of undesirable sen-
sory compounds (Malowicki and Shellhammer, 2005).

The behavior of B-acids is quite different under the same condi-
tions. B-acids cannot isomer because they have no tertiary alcohol
group in the aromatic nucleus, but they are susceptible to oxidation
reactions (Verzele and De Keukeleire, 1991). The oxidative degrada-
tion products of B-acids, known for the longest time, are hulupones
(Aitken et al., 1970). In contrast to other substances, their existence
and the bittering ability was confirmed in recent studies (Haseleu et
al., 2009). Oxidation products of B-acids in the beer exhibit pleas-
ant bitterness similar to the iso-a-acids (Krofta et al., 2013). Aroma
cultivars of hop contain a substantial share of B-acids, which makes
it necessary to take into account the contribution of B-acids, when
using these hops. Traditional Saaz hops are characteristic by the
a- / B-acids ratio from 0.7 to 0.9, ratio for the other Czech varie-
ties (Sladek, Harmonie, Saaz late and Bohemie) is approximately
one to one (Anonymus, 2012). Transformation products of B-acids
are evaluated together with the iso-a-acids in commonly used non-
specific determination of bitterness by EBC 8.9 (Krofta et al., 2013).

Some simple and complex hop polyphenols and their oxidation
products formed during wort boiling are sensorial active thus they
can affect beer bitterness and astringency (Callemien et al., 2005;
McLaughlin et al., 2008).

Hop essential oils and their transformation products are flavor active
substances. They carry large scale of spicy and floral odors / flavors.
The content and composition of essential oils in the beer significantly
depends on the hops origin and the wort boiling conditions e.g. the
time of boiling, evaporation degree (Esslinger, 2009; Peacock, 2010;
Mitter et al., 2001). Linalool and myrcene, and in the case of Saaz
hops, B-farnesene, are considered as significant hop essential oils.
Research of essential oils in beer is still ongoing, for example, in the
case of linalool, its overall content is not crucial from a sensory point of
view, but changing of the R and S form ratio during wort boiling plays
an important role. Also many other flavor active transformation prod-
ucts of essential oils were identified (Peacock, 2010).

Heat load in the course of boiling results in a formation of carbonyl
compounds responsible for undesirable aged and stale flavor in beer
(Herrmann et al., 2010). Information can be obtained by thio barbi-
turic acid value assessment, results should not exceed the value of
TBA = 45 in the hot hopped wort (Kosaf and Prochazka, 2000).

Brewhouse equipment manufacturers demonstrate the effective-
ness of their facilities primarily based on economic benefits and yield
of bitter substances. The comparison of hop several wort boiling sys-
tems with the inclusion of hop oils marker linalool has been published
(Mitter et al., 2007). But different wort boiling systems cannot be com-
pared in a plant scale, because every brewery produces beers with
different hops and hopping regime. Moreover, in the Czech Republic,
beer production is characterized by using less modified malts, decoc-
tion mashing procedure and hopping by aroma hop varieties. These
are the basic technological markers of beer production according to
Protected Geographical Indication (PGI) Czech beer (Anonymus,
2008). An implementation of modern energy-efficient wort boiling
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2 MATERIAL Tab. 1 Vysledky rozboru sladu / Table 1 Results of malt analysis
A METODY Slad (odriida Malz) / Malt (Malz variety)
vlhkost / moisture % 4.1
2.1 Varni pokusy extrakt / extract % 82.8
Varni POKPSV ?y!y prgveqe- zcukfeni / saccharification min. 10
ny na multifunkénim pilotnim . - -
varnim zafizeni se jmenovitym |RE45°C/RE 45 °C % 37.2
objemem varky 150 az 300 | barva / color EBC 3.2
(Kaspar SChUIZ’ Nerpecko)’. Byly protein / protein %o 10.4
modelovany dva zakladni sys- . -
témy varu za zvy$eného tlaku rozdil extrakt( / extract difference % 1.1
- c\j/ar s k?(rjste}n;ngnkpfeﬂakelm Kolbachovo &islo / Kolbach index 42
a dynamicky nizkotlaky chmelo- P P S
var s proménlivou hodnotou pfe- friabilita / friability i 93

tlaku a porovnany s klasickym

atmosférickym  chmelovarem.

Na zékladé predbéznych pokusu byly procesni parametry navrzeny
tak, aby konverze chmelovych a-kyselin a tepelné zatizeni mladiny
byly srovnatelné u v8ech tfi variant.

Sledovano bylo vyuziti horkych latek chmele, transformace chme-
lovych silic, tékani senzoricky nezadoucich sirnych sloucenin, tepel-
né zatizeni mladin, vliv na senzoricky aktivni tékavé latky v pivu, vliv
na polyfenolové latky a antiradikalovou aktivitu a celkovy dopad na
senzoricky profil vlastnosti piv.

Pokusné celosladové varky 12 % svétlého lezaku byly pfipraveny
nasledovné:

Suroviny. Byl pouzit komeréni slad s kvalitou dle specifikace
CHZO Ceské pivo. (Anonymus, 2008). Varky byly chmeleny chme-
lovym extraktem a peletami T90 Zateckého poloraného Cerveriaku.
Specifikace surovin je uvedena v fab. 1a 2.

Rmutovani. Sladiny byly pfipraveny dvourmutovym postupem
v pIné automatizovaném rezimu pokusné varny, zarucujicim stan-
dardni prdbéh procesu. Rmutovaci diagram je uveden na obr. 1.

Scezovani. Scezovani bylo fizeno na zakladé rozdilu tlakl a &i-
rosti sladiny:

Maximalni rozdil tlakd: 10 cm v.s.

Maximalni zakal: pfedek 25 j. EBC, posledni vystfelek 65 j. EBC

Scezovani bylo vedeno do konstantniho objemu sladiny pohro-
madé 200 .

Chmelovar. Byly pouzity tfi varni systémy, atmosféricky, dynamic-
ky a nizkotlaky. Nastavené parametry testovanych chmelovari byly
nasledujici:

Nizkotlaky chmelovar
Pretlak 150 mbar, teplota 102 °C, doba varu 65 minut
Davkovani chmele:
1. Chmelovy extrakt (50 % davky a-kyselin) na zacatku
2. Pelety (30 % davky a-kyselin) po 30 minutach
3. Pelety (20 % davky a-kyselin) 10 minut pfed koncem

Dynamicky nizkotlaky chmelovar
Maximalni pretlak 150 mbar, teplota 102 °C, doba 70 minut (tfi tlakové
vrcholy, shodny narust a pokles pretlaku, pokles na atmosféricky tlak).
Davkovani chmele:
1. Chmelovy extrakt (50 % davky a-kyselin) na za¢atku
2. Pelety (30 % davky a-kyselin) po 30 minutach
3. Pelety (20 % davky a-kyselin) 10 minut pred koncem

e mash copper

Teplota / Temperature (°C)

40 = = mash tun

30
0 20 40 60 80 100 120 140 160 180 200

Doba / Time (min)

Obr. 1 Rmutovaci diagram / Fig. 1 Mashing diagram

systems for the Czech beer production, i.e. raw material and techno-
logically different conditions, lacks of relevant information about their
impact on changes in quality of beer. This knowledge can be obtained
by a comparison of the basic types of wort boiling systems on uniform
materials and a process line in experimental conditions.

The aim of this study was to compare different boiling systems
in terms of operating economy, with regards to the specific require-
ments for the sensory character of Czech beer.

2 MATERIAL AND METHODS

2.1 Brewing trials

Brewing trials were carried out on experimental multifunctional
pilot brewhouse with a nominal batch volume 150-300 L (Kaspar
Schulz, Germany), two basic systems designed for low-pressure
(low overpressure) wortboiling — boiling with constant pressure and
dynamic low-pressure boiling with variable pressure peaks were sim-
ulated and compared with classical atmospheric wort boiling techno-
logy. Based on preliminary experiments, process time/temperature
parameters were designed to make conversion of hop a-acids and
thermal charge of wort in all three variants comparable.

Hop bitter substances yield, hop oils transformation, sensory un-
desirable sulfur compounds removal, heat charge of the wort, impact
on sensory active volatiles in beer, polyphenol substances and anti-
radical activity affecting and overall impact on the sensory profile of
beer were monitored.

Pilot brews (200 L) of all malt 12% pale lager beer were prepared
as follows:

Raw materials. Commercial malt of the quality specified by the
PGl Czech beer was used (Anonymus, 2008). Beers were hopped
by hop extract and Saaz hops pellets T90. Raw material specification
is given in Table 1 and 2.

Mashing. Worts were prepared by double decoction process in
fully automated mode of experimental brewhouse, guaranteeing the
standard course of the process. Mashing diagram is shown in Fig-
ure 1.

Lautering. Control of lautering was based on the pressure differ-
ence and clarity of wort:

Maximal pressure difference: hydraulic pressure 10 cm.

Maximal turbidity: first wort 25 EBC units, the latest fad 65 EBC units.

Lautering was conducted in a constant volume of 200 liters of wort.

Wort boiling. Three wort boiling systems were used: Classical
(atmospheric) boil, dynamic low-pressure boil and low-pressure boil.
The set boiling parameters were as follows:

Low-pressure boil
Overpressure 15 kPa, temperature 102 °C, boiling time 65 min.
Hopping:
1st dose: Hop extract (50% of a-acids dose) at the start.
2nd dose: Pellets (30% of a-acids dose) after 30 min.
3rd dose: Pellets (20% of a-acids dose) 10 min.
before the end.

Dynamic low-pressure boil

Maximal overpressure 15 kPa (three pressure peaks, the same
increase and decrease of overpressure, a decrease back to atmos-
pheric pressure), temperature 102 °C, boiling time 70 min.
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Atmosféricky chmelovar

Teplota 100 °C, doba varu 90 minut

Davkovani chmele:
1. Chmelovy extrakt (50 % davky a-kyselin) na zacatku
2. Pelety (30 % davky a-kyselin) 45 minut po zavareni
3. Pelety (20 % davky a-kyselin) 10 minut pfed koncem

Odpocinek po vifivé kadi byl 20 minut pro vSechny varianty chme-
lovaru.

Mladiny byly odkaleny ve vifivé kadi a dochlazeny deskovym chla-
di¢em na zakvasnou teplotu 10 °C a provzdusnény na obsah rozpu$s-
téného kysliku 8 + 0,5 mg/I.

Kvaseni a finalni operace. Hlavni kvaseni probéhlo v cylindro-
konickych tancich (CKT). Mladina byla zakvaSena davkou 220 g/hl
lisovanych nasadnich kvasnic kmene &. 95 sbirky VUPS. Maximalni
teplota hlavniho kvaseni byla nastavena na 12 °C + 0,1 °C. Po dosa-
zeni rozdilu mezi zdanlivym a dosazitelnym prokvasenim cca 10 %
byl obsah CKT béhem 24 hodin zchlazen na teplotu 5-6 °C a mladé
pivo bylo sudovano do lezackych tankul. Teplota v lezackém sklepé
se pohybovala v rozmezi 1-2 °C. Doba lezeni byla cca 21 dni. Hra-
dici tlak byl udrzovan na hodnoté 100 kPa.

Piva byla filtrovana deskovym filtrem a upravena odplynénou kar-
bonizovanou vodou na extrakt pivodni mladiny 12 %. Piva byla sto-
¢ena do lahvi na strojovém plnici s dvojitou evakuaci a pasterovana
na 20 PU. Pfi veSkerych manipulacich s pivem béhem filtrace a sta-
¢eni byl pouzit oxid uhlicity.

2.2 Analyzy

Rozbory sladu, chmele, sladin, mladin a piv byly provedeny podle
Analytiky EBC (Anonymus, 2010) v€etné jednotek horkosti (EBC 9.8)
a a- a iso-a-kyselin (EBC 7.8). Pénivost piv (metoda NIBEM), ¢&islo
kyseliny thiobarbiturové (TBA) a anthokyanogeny byly méfeny podie
Analytiky MEBAK (Anonymus, 2002). Antioxidacni (antiradikalova) ak-

Tab. 2 Vysledky rozboru chmelovych produkttl / Table 2 Results of hop products analysis

Hopping:
1st dose: Hop extract (50% of a-acids dose) at the start.
2nd dose: Pellets (30% of a-acids dose) after 30 min.
3rd dose: Pellets (20% of a-acids dose) 10 min.
before the end.

Atmospheric boil
Temperature 100 °C, boiling time 90 min.
Hopping:
1st dose: Hop extract (50% of a-acids dose) at the start.
2nd dose: Pellets (30% of a-acids dose) after 45 min.
3rd dose: Pellets (20% of a-acids dose) 10 min.
before the end.

Break was separated in the whirlpool tub (20 min. rest for all three
methods after the separation); wort was cooled by plate cooler to the
fermentation temperature of 10 °C and aerated at dissolved oxygen
content 8 +/— 0.5 mg/L.

Fermentation and final operations. Primary fermentation was
carried out in cylindrical-conical tanks (CCT). Inoculation dose of
pressed lager yeast, strain No. 95 of RIBM collection was 220
g/hL. Maximum temperature of fermentation was set to 12 °C =
0.1 °C. After reaching the apparent and the achievable attenuati-
on degree difference 10% rel., CCT content was cooled to a tem-
perature of 5-6 °C within 24 hours and then transferred to lager
tanks. The temperature in the lager cellar was between 1-2 °C.
Maturation time was 21 days. Upstream pressure was maintained
at 100 kPa.

Beer was filtered with a plate filter and adjusted by the use of de-
gassed carbonized water to the original extract of 12%. Beer was
bottled on machine filler with double evacuation and pasteurized at
20 PU. Carbon dioxide was used in all operations during beer filtra-
tion and bottling.

2.2 Analysis
Common analyses of malt,

hop products, sweet wort,
Hop product extract pellets wort and beer were performed
a-kyseliny / a-acids % 48.6 3.44 according to EBC Analytics
_ - i % (Anonymus, 2010) including
B-kyseliny / 8-acids A 17.2 524 bitterness units (EBC 9.8) and
anthokyanogeny / anthocyanogens mg/g 3.1 70.5 a- and iso-a-acids (EBC 7.8).
flavanoidy / flavanoids mg/g 0 12.4 Hg)adhreéengon (NIB%M me;h-
- od), thiobarbituric acid number
celkové polyfenoly / total polyphenols mg/g 3 57.2 (TBA) and anthocyanogens
DPPH-ARP / DPPH-ARP % 3 52.4 were measured according to
o . o . MEBAK Analytics (Anonymus,
DPPH ARP antiradikalovy potencial/antiradical potential 2002). Scavenging (antiradi-
Tab. 3 Vysledky chemické analyzy mladiny / Table 3 Results of chemical analysis of wort S\le)s adcetlt\g:rynir?fe dwzginzndpg%ﬁ
extrakt / extract % wiw 12.0 12.3 12.4 (Mlif‘%’éka Del\tll %I 2086)- Dimethyl
dosazitelné prokvaseni / limit attenuation % 77.9 78.1 78.5 2gr:|s ?PI(DMS))wzrr]e c;t:te‘:rr:ii:rc;
anthokyanogeny / anthocyanogens mg/L 82.1 83.4 86.6 by the RIBM gas chromatogra-
flavanoidy / flavanoids mg/L 48.7 47.7 47.7 phy method (RIBM K15). Sen-
p sory active volatiles and essen-
celkové polyfenoly / total polyphenols mg/L 364 380 369 tial oils in beer were determined
TBA/TBA 46 49 47 by gas chromatography meth-
DPPH ARP / DPPH ARP % 67.9 725 72.6 ods (RIBM K10 and K29). For
- . sensory analysis of fresh beer
horkost / bitterness IBU 52 53 51 by certified panel of RIBM three
a-kyseliny / a-acids mg/L 17.2 19.1 18.3 methods, descriptive method
o - PR, (Cejka et al., 2002), bitterness
iso-a-kyseliny / iso-a-acids mg/L 36 38.6 374 lingering assessment (Mikyska
trans-iso-a-kyseliny / trans-iso-a-acids mg/L 10.8 11.8 11.3 and Cejka, 2013) and triangle
cis-iso-a-acids / cis-iso-a-acids mg/L 26.1 26.8 25.1 test I(A"gnmeS, 2010) were
cis/trans pomér / cis/trans ratio 2.41 2.27 2.23 employed.
DMS / DMS ug/L 57 50 52 3 RESULTS AND
PDMS / PDMS ug/L 92 75 66
g DISCUSSION
NT nizkotlaky chmelovar/ low-pressure wortboiling
NDT nizkotlaky dynamicky chmelovar/ dynamic low-pressure wortboiling
ATM atmosféricky chmelovar/ atmospheric wortboiling 3.1 Wort

DPPH ARP antiradikalovy potencidl/antiradical potential
DMS dimethylsulfid/dimethyl! sulphide
PDMS prekurzory dimethylsulfidu/precursors of dimethyl sulphide

Final extract of wort was in re-
lation with the tested wort boiling
system (Table 3). The atmospher-
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tivita mladin a piv byla stanovena
pomoci DPPH (MikySka et al.,
2006). Dimethylsulfid a jeho pre-
kursory byly stanoveny metodou
vypracovanou na VUPS (metoda
K15 VUPS). Senzoricky aktivni
tékavé latky a silice v pivu byly
stanoveny metodami plynové
chromatografie  vypracovanymi
na VUPS (metody K10 a K29
VUPS). Pro senzorickou analyzu
Cerstvého piva certifikovanym pa-
nelem VUPS byly pouzity tfi me-
tody, deskriptivni metoda (Cejka
et al.,, 2002), metoda doznivani
horkosti (MikySka a Cejka, 2013)
a trojuhelnikovy test (Anonymus,
2010).

3 VYSLEDKY
A DISKUSE

3.1 Mladina

Extrakt mladin byl v relaci
s pouzitou technologii chme-
lovaru (tab. 3). Atmosféricky
chmelovar mél celkovy odpar
8 %, u dynamického nizko-
tlakého chmelovaru byl odpar
5 %, nizkotlaky chmelovar
v uzavieném systému ma od-
par zanedbatelny. Pro porovna-
ni chemického slozeni mladin
z testovanych variant byly hod-
noty vztaZzeny na koncentraci
extraktu 12 % (fab. 4).

Hodnoty horkych latek v mla-
dinach s nizkotlakymi varianta-
mi chmelovaru byly vyrovnané,
u atmosférického chmelovaru
byla stanovena hodnota nizsi
0 3 JH (5,7 %). Obsah a-kyse-
lin a iso-a-kyselin stanoveny
kapalinovou chromatografii byl

Tab. 4 Vysledky chemické analyzy mladin pfepocétené na extrakt 12 % / Table 4 Results of chemical

analysis of wort related to extract 12%

NT NDT ATM

anthokyanogeny / anthocyanogens mg/L 82.1 81.3 83.7
flavanoidy / flavanoids mg/L 48.7 46.7 46.1
celkové polyfenoly / total polyphenols mg/L 364 372 356
TBA/TBA 46 48 45
DPPH ARP / DPPH ARP % 67.9 70.9 70.1
horkost / bitterness IBU 52 51.8 49.3
a-kyseliny / a-acids mg/L 17.2 18.7 17.7
iso-a-kyseliny / iso-a-acids mg/L 36 37.7 36.1
trans-iso-a-kyseliny / trans-iso-a-acids mg/L 10.8 11.6 10.9
cis-iso-a-acids / cis-iso-a-acids mg/L 26.1 26.2 24.3
cis/trans pomér / cis/trans ratio 2.41 2.27 2.23
DMS / DMS ug/L 57 49 50
PDMS / PDMS ug/L 92 73 64

DPPH ARP antiradikélovy potencial/antiradical potential

DMS dimethylsulfid/dimethyl sulphide

PDMS prekurzory dimethylsulfidu/precursors of dimethyl sulphide

Tab. 5 Vysledky chemické analyzy piva / Table 5 Results of chemical analysis of beer

NT NDT ATM

ptvodni extrakt mladiny / original extract % W/w 11.99 12.02 12.04
zdanlivé prokvaseni / apparent attenuation % 77.4 77.6 771
skuteéné prokvaseni/ real attenuation % 64 64.2 63.8
pH/ pH 4.41 4.41 4.44
barva / colour EBC 9.4 9.4 9.5
pénivost (NIBEM) / head retention mm/30s 320 291 283
DPPH ARP / DPPH ARP % 61.4 61.9 61.5
horkost / bitterness IBU 30.1 29.9 29.5
a-kyseliny / a-acids mg/L 2.4 2.3 1.8
iso-a-kyseliny / iso-a-acids mg/L 35.4 33.9 32.4
trans-iso-a-kyseliny / trans-iso-a-acids mg/L 10.7 10.2 9.6
cis-iso-a-acids / cis-iso-a-acids mg/L 24.8 23.7 22.8
cis/trans pomér / cis/trans ratio 2.32 2.33 2.36

u varianty nizkotlakého dyna-
mického chmelovaru mirné
vyssi, 0 1,5 mg/l (4,4 %). Rozpousténi a-kyselin, jejich izomerizace
a nasledna ¢aste¢na degradace iso-a-kyselin jsou dynamické pro-
cesy zavisejici na dobé a teploté varu. Rozdilny trend v hodnotach
horkosti a obsahu specificky stanovenych iso-a-kyselin je mozno
vysvétlit nizsi specifitou prvé jmenované metody, kterou jsou sta-
noveny i dalsi latky, zejména rozkladné produkty B-kyselin (Krofta
et al., 2013). Pomér cis a trans iso-a-kyselin velmi mirné klesal od
tlakového po atmosféricky chmelovar.

Rozdily v obsahu celkovych polyfenold, flavanoidd a anthokyano-
gend v mladinach byly nevyznamné. Z pohledu rozpousténi poly-
fenolovych latek chmele a reakci polyfenoll v pribéhu chmelovaru
nebyly mezi testovanymi variantami chmelovaru zjistény zasadni
rozdily.

Termické zatiZzeni mladin hodnocené Cislem kyseliny thiobarbi-
turové (TBA) nebylo vyznamné odlisSné (TBA = 45-48). Nejvyssi
hodnota byla stanovena pro nizkotlaky dynamicky chmelovar. An-
tiradikélovy potencial mladin (DPPH ARP) byl u mladin vyrobenych
nizkotlakym chmelovarem velmi mirné nizsi (3,1 %) v porovnani
s ostatnimi dvéma technologiemi.

Je mozno konstatovat, ze obsah a slozeni vySe uvedenych latek
v mladinach bylo srovnatelné, prestoze hodnoty byly ¢aste¢né odlis-
né, rozdily se pohybovaly na hranici chyb stanoveni.

Obsah dimethylsulfidu (DMS) a jeho prekursori (PDMS) vyznam-
né zavisel na varianté chmelovaru. Obsah PDMS v mladiné vyro-
bené nizkotlakym chmelovarem byl o 43 % vysSi, obsah v mladiné
vyrobené dynamickym nizkotlakym chmelovarem byl o 14 % vyssi
v porovnani s atmosférickym chmelovarem. Tlakové pulzy i pfi zkra-
cené dobé varu pfinesly relativné uspokojivou redukci obsahu DMS
a PDMS. Tyto vysledky jsou v relaci s literarnimi udaji (Rubsam et
al., 2010).

ic wort boiling had the total evaporation of 8%, the dynamic low-pressure
wort boiling had the evaporation of 5% and finally the low-pressure wort
boiling in a closed system showed only negligible evaporation. Results
of wort analysis were related to the extract concentration of 12% for the
comparison of chemical composition of the tested variants (Table 4).

Values of the bitter substances in worts with low-pressure wort
boiling variants were equal, the atmospheric boiling wort was found
to be lower by 3 IBU (5.7%). The content of a-acids and iso-a-acids
measured by liquid chromatography in wort of dynamic pressure
wort boiling variant was slightly higher, compared to other systems,
by 1.5 mg/L (4.4%). Dissolution of the a-acids, the isomerization
and subsequent partial degradation of iso-a-acids are dynamic
processes, depending on the time and temperature of boiling. The
different trend in terms of bitterness (EBC 9.8 method) and the
content of the specifically analyzed iso-a-acids (EBC 7.8 method)
can be explained by a lower specificity of first mentioned method
concerning other substances, particularly decomposition products
of B-acids (Krofta et al., 2013). The ratio of cis/trans iso-a-acids
slightly declined from the atmospheric to the pressure wort boiling.

Differences in the content of total polyphenols, flavonoids and
anthocyanogens in worts were insignificant. In terms of hop poly-
phenol compounds dissolution and reactions of polyphenols during
wort boiling, significant differences among the tested variants of wort
boiling were not detected.

Thermal load of wort rated by thiobarbituric acid number (TBA)
was not significantly different (TBA = 45-48). The highest value
detected, was for the dynamic low-pressure wort boiling. Antiradi-
cal potential of worts (DPPH ARP) was slightly lower (3.1%) in wort
produced by low-pressure wort boiling compared with the other two
technologies.
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Tab. 6 Obsah senzoricky aktivnich tékavych latek v pivu / Table 6 Content of sensory active volatiles in

It can be said, that the set pa-

beer rameters of boiling and hopping
Tékavé latky (mg/l) / Volatiles (mg/L) NT NDT ATM were right, the content and com-
position of above mentioned
acetaldehyd / acetaldehyde 4.5 3.4 3.9 compounds in worts were com-
dimethylsulfid (pg/l) / dimethyl sulphide 49 21.6 23.2 parable. Despite the fact that
(ug/L) values were partly different, dif-
mravencéan ethylnaty / ethyl formiate 1.3 3.2 0.5 ferences were at the margin of
. error determination.
octan ethylnaty / ethyl acetate 16.5 16.5 19.2 Content of dimethyl sulfide
propanol / propanol 16.0 16.1 17.1 (DMS) and its precursors
iso-butanol / iso-butanol 8.0 8.6 8.5 (PDMS) was gtrongly depend'
ent on the variant of wort boil-
iso-amylacetat / iso-amyl acetate 1.2 1.2 1.5 ing. Content of PDMS in the
2- a 3-methyl-butanol / 2- and 3-methyl 40.9 415 39.2 wort produced by low-pressure
butanol wort boiling and dynamic low-
- pressure wort boiling was about
kaprylan ethylnaty / ethyl octoate 0.2 0.2 0.3 43% and 14% higher compared
ethyl-hexanol / ethyl hexanol 0.1 0.1 0.1 with the atmospheric wort boil-
octan fenyl-ethylnaty / phenyl-ethyl acetate 0.2 0.2 0.4 ing system. Pressure pulses,
even with reduced boiling time,
B-fenyl-alkohol / B-phenyl alcohol 6.2 6.1 71 yielded relatively satisfactory
alkoholy / alcohols 71.2 72.4 72 reduction of the content of DMS
estery / esters 19.7 21.7 22.2 and PDMS. These results are
= - in relation with literature data
pomér A/E / A/E ratio 3.62 3.33 3.25 (Rubsam et al., 2010)
3.2 Beer - chemical analyzes
Tab. 7 Obsah silic v pivu / Table 7 Content of essential oil in beer Results of chemical gnaly-
Silice (ug/l) / Essential oils (ug/L NT NDT ATM sis of the beers are shown in
- Ll - (ig%) Table 5. Color of beers was vir-
a-pinen / a-pinene 0.11 0.09 0.36 tually identical. In the antiradical
B-pinen / B-pinene 0.30 0.25 0.05 activity, the differences were not
myrcen / myrcene 7.31 283 3.92 found. Bitterness (bitter sub-
stances) evaluated according
limonen / limonene 0.57 0.37 0.65 to EBC 9.8 method was almost
linalol / linalool 76.9 19.8 26.6 balanced with a hint of a trend to
decrease from the atmospheric
B-karyofylen / B-karyophylene 1.00 0.52 0.56 wort boiling to low-pressure
4-terpineol / 4-terpineol 2.49 1.26 1.44 boiling (Table 5). On the other
B-farnesen / B-farnesene 0.76 0.71 2.15 hand, the content of iso-a-acids
in beer declined in a row of low-
a-humulen / a-humulene 0.85 0.67 0.89 pressure — dynamic low-pres-
a-terpinol / a-terpinol 7.14 3.58 4.64 sure — atmospheric wort boiling.
cis-geraniol / cis-geraniol 2.66 1.79 1.77 A" t_hree beers were comparat?le
- - in cis/trans stereoisomers ratio.
a-ionon / a-ionone 0.08 0.13 0.16 Thus greatest loss of isohumu-
B-ionon / B-ionone 0.53 0.31 0.52 lones during wort cooling and
- / a-i 019 026 01 fermentation for wort with the
a-iron / a-irone : : : higher trans-iso-a-acids (low-
B-karyofylen epoxid / B-karyophylene epoxide 0.84 0.68 1.36 est cis/trans ratio, atmospheric
farnesol / farnesol 31.7 27.5 16.6 boiling) was detected. Also, low-

3.2 Pivo — chemické analyzy

Vysledky chemického rozboru piv jsou shrnuty v tab. 5. Barva piv
byla prakticky shodnd. Nebyly zjistény rozdily v antiradikalové ak-
tivité. Hofkost hodnocena metodou EBC 9.8 byla prakticky vyrov-
nana s naznakem trendu k poklesu od tlakového po atmosféricky
chmelovar (tab. 5). Obsah iso-a-kyselin v pivu klesal v fadé nizko-
tlaky — nizkotlaky dynamicky — atmosféricky chmelovar. VSechna tfi
piva méla srovnatelny pomér cis/trans stereoisomerd. Pro mladinu
trans, atmosféricky var) byla tedy zjisténa nejvétsi ztrata isohumu-
lonG. Nizkotlaké varianty chmelovaru mély vys$si vytéznost chmelo-
vych a-kyselin v pivu. Opacény trend oproti obsahu iso-a-kyselin byl
zaznamenan pro stabilitu pény. Tyto latky jsou vyznamnym faktorem
pro kvalitu pivni pény.

3.3 Pivo — senzoricky aktivni latky

Obsah silic v pivu zavisel na pouzité technologii chmelovaru.
Piva z mladin vyrobenych nizkotlakym chmelovarem obsahova-
la v&t8i mnozstvi silic, markantni rozdily byly v obsahu linaloolu,
myrcenu, farnesolu a terpineoll. Naopak, pro atmosféricky chme-
lovar byl zjistén vy$si obsah B-farnesenu. Obsah silic v pivech
z mladin vyrobenych nizkotlakym dynamickym a atmosférickym
chmelovarem byl podstatné méné odliSny oproti dvojici nizkotlaky

pressure variants of wort boiling
resulted in higher utilization rate
of a-acids from hops in beer.
A head retention value, and foam stability showed a trend opposite
to the iso-a-acids content. These substances are an important factor
for the quality of the beer foam.

3.3 Beer - sensory active compounds

The essential oil content in experimental beer depended on
the technology of wort boiling. In beer resulting from wort pro-
duced by low-pressure wort boiling in larger quantities of essen-
tial oils were found; striking differences were in the content of
important substances — linalool, myrcene, farnesol and terpineol.
Conversely, higher content of B-farnesene was found for the at-
mospheric wort boiling. The essential oil content in beers brewed
by dynamic low-pressure and atmospheric pressure wort boiling
was significantly less different compared to a pair of low-pressure
and dynamic low-pressure wortboiling (Table 6). Essential oils of
hops and their transformation products arising forming from the
wort boiling are involved namely by spicy and floral aromas in the
sensory profile of beer (Kishimoto et al., 2006).

There were identified some trends of the volatile substances formed
during the fermentation, alcohols and esters, in relation to the technol-
ogy of the wort boiling (Table 7). The ester content in beers increased
slightly from the low-pressure wort boiling to atmospheric wort boil-
ing. The beer from the wort produced by the low-pressure wort boil-
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a dynamicky nizkotlaky chme-

lovar (tab. 6). Silice chmele ©f beer—descriptive method

Tab. 8 Vysledky senzorické analyzy piva — deskriptivni metoda / Table 8 Results of sensory evaluation

a jejich transformaéni produk-

ty vznikajici pfi chmelovaru se
podileji na senzorickém profilu

piva hlavné kofenitymi a kvé-

tinovymi vanémi (Kishimoto et

al., 2006).
V pivech byly zjistény urcité
trendy obsahu tékavych latek

tvofenych v prabéhu kvaseni,

alkoholll a esterl ve vztahu
k technologii chmelovaru (tab.

8). Obsah ester(i v pivech mirné

stoupal od nizkotlakého chme-

lovaru po atmosféricky chmelo-
var. Pro piva z mladin vyrobe-

nych nizkotlakym chmelovarem

byl zjistén vyssi pomér alkoho-

0 a esterll (3,62) v porovna-
ni s dynamickym nizkotlakym

NT NDT ATM

horkost / bitterness 3.0 3.1 2.9
horkost-charakter / bitterness-character 29 2.9 2.6
horkost po 40 s / bitterness-after 40 s 2.2 2.6 2.2
horkost-charakter po 40 s / 2.4 2.4 2.2
bitterness-character after 40 s

fiz / carbonation 3.0 3.0 2.8
plnost / body-fulness 3.1 3.0 3.1
trpkost / astringency 1.3 1.1 1.0
sladkost / sweetness 1.1 0.8 0.9
kyselost / sourness 0.7 0.7 0.4
chmelova / hoppy 0.4 0.4 0.4
ovocna-esterova / fruity-esteric 1.2 1.4 1.2
celkovy dojem / overall impression 3.6 3.4 3.3

(8,33) a atmosférickym chme-
lovarem (3,25). U piv z mladin
vyrobenych nizkotlakym chme-
lovarem byl stanoven pfiblizné
dvojndsobny obsah DMS (49
pg/l) v porovnani s dal§imi tes-
tovanymi variantami chmelova-
ru. Hranice senzorického viemu DMS v pivu zavisi na typu piva.
DMS mize byt rozpoznéan pfi koncentraci ve vysi 35-40 pg/l, pfi
koncentraci 100 pg/l dava prokazatelné pivu chut mladinovou a po
zeleniné (Basarova et al., 2010).

(imperceptible) to 5 (very strong)

(harsh, lingering)

3.4 Pivo — Senzoricka analyza

Piva z testovanych variant chmelovaru byla v celkovém dojmu (se-
stupna Skéla 1-9) hodnocena mezi stupném 3 a 4, v senzorickém
profilu nebyly zaznamenany Zzadné zavazné vady. Piva z mladiny
vyrobené nizkotlakym chmelovarem byla hodnocena o 0,2-0,3 bodu
hafe v porovnani s ostatnimi variantami. U piv s aplikaci nizkotlaké-
ho varu byl zaznamenan slaby trend k vy$§im hodnotam senzorické
trpkosti, sladkosti a kyselosti (fab. 8).

U piv z mladin vyrobenych ob&ma nizkotlakymi variantami chme-
lovaru byl zjistén mirné drsnéjsi vjem horkosti po polknuti i po 40
s oproti pivu z atmosférického chmelovaru. Piva z mladin vyrobe-
nych nizkotlakym dynamickym chmelovarem méla pomalejSi dozni-
vani intenzity hofkého viemu v porovnani s ostatnimi testovanymi
variantami (tab. 8). Trojuhelnikova zkouska odliSila pivo vyrobené
atmosférickym chmelovarem od piva vyrobeného nizkotlakym chme-
lovarem (sedm spravnych odpovédi z deviti, vyznamné na a = 0,05),
vétsina z hodnotitelt (Sest), ktefi odlisili spravné, preferovala pivo
vyrobené klasickym chmelovarem. Rozdil mezi atmosférickym a tla-
kovym dynamickym chmelovarem byl neprikazny (&tyfi spravné od-
povédi z deviti).

3.5 Spotieba ¢asu a energie

_ Spotieba pary pfi pokusnych chmelovarech je uvedena v tab. 9.
Uspory pro dynamicky nizkotlaky chmelovar byly 15 % a pro niz-
kotlaky chmelovar 25 %. Casova Gspora pro dynamicky nizkotlaky
chmelovar byla 22 %, pro nizkotlaky chmelovar 28 %.

4 ZAVER

V pilotnich experimentech byly dva zakladni nizkotlaké systémy
chmelovaru porovnany s klasickym atmosférickym chmelovarem.
Pozornost byla zaméfena na kvalitativni parametry piva, zejména
senzorickou kvalitu. Procesni parametry byly navrzeny tak, aby kon-
verze chmelovych a-kyselin a tepelné zatizeni mladiny byly u vSech
tfi variant srovnatelné.

Tyto pilotni experimenty ukazaly nékteré prednosti a slabiny niz-
kotlakého varu. Pres vyvazené redukovany ¢as varu a stejny obsah
iso-a-kyselin v mlading, ukazaly nizkotlaké chmelovary zvysSujici se
vynos iso-a-kyselin v pivu v fadé atmosféricky, dynamicky nizkotlaky
a nizkotlaky chmelovar.

Nizkotlaky var v uzavieném varnim systému usetfil vyznamné
mnozstvi €asu a energie (28 % a 25 %), ale senzoricka kvalita piva
vyrobeného timto chmelovarem byla z diivodu odliSného mnozstvi
nékterych tékavych latek priikazné odlisna (hodnocena jako méné

deskriptory/descriptors: stoupajici $kala od 0 (neznatelny) do 5 (velmi silny) / ascending scale of 0
horkost-charakter/ bitterness-character: Skala 1 (jemna) az 5 (drsnd, ulpivajici) / scale 1 (soft) to 5

celkovy dojem/ overall impression: klesajici $kala 1-9 / descending scale of 1-9

ing had higher alcohols/esters ratio (3.62) compared with the dynamic
overpressure boiling (3.33) and atmospheric wort boiling (3.25). In the
beer from the wort produced by the low-pressure wort boiling with con-
stant pressure, approximately twofold content of DMS (49 pg/L) was
detected compared with the other tested variants of the wort boiling.
A threshold of sensory perception of DMS in beer depends on the
type of beer. DMS can be detected at a concentration of 35—-40 mg/L,
it demonstrably gives a worty and vegetables aftertaste of the beer at
a concentration of 100 mg/L (Basarova et al., 2010).

3.4 Beer - sensory analyzes

Evaluated score of overall impression (descending scale 1-9) of
beers of the tested variants was between grade 3 and 4 in the sen-
sory profile. There were no serious defects in the sensory profile.
Beer produced by low-pressure wort boiling was assessed by 0.2-0.3
points lower, compared with other two variants. When applying low-
pressure wort boiling, weak trend towards higher levels of sensorial
harshness, sweetness and sourness of beer was recorded (Table 8).

The beers brewed by both low-pressure wort boiling systems
was found slightly harsher in bitterness perception after ingestion,
even after 40s, compared with the beer brewed by atmospheric wort
boiling. Beer produced by dynamic low-pressure wort boiling had
a slower decay of the intensity of bitter sensation compared with
other tested systems (Fig. 2)

The triangular test distinguishes the beer produced from atmospher-
ic wort boiling from beers made by low-pressure wort boiling (seven
right responses out of nine, significant at a=0.05), majority (six) of right
responding assessors preferred beer brewed by classical boil. The
difference between atmospheric pressure and dynamic low-pressure
wort boiling was inconclusive (four right responses of nine).

3.5 Time and energy consumption

Steam consumption in experimental wort boiling is shown in
Table 9. Savings for dynamic low-pressure wort boiling and for the
low-pressure wort boiling was 15% and 25% respectively. Time sav-
ings for dynamic low-pressure wort boiling and for the low-pressure
wort boiling was 22% and 28% respectively.

4 CONCLUSION

In pilot experiments, the two basic low pressure systems of the
wort boiling were compared with the classical atmospheric wort boil-
ing. Attention was focused on quality parameters of the beer, espe-
cially sensory quality. Process parameters were designed to make
the conversion of the hop a-acids and thermal charge of all three
variants comparable.

These pilot experiments have shown some strengths and weakness-
es of low-pressure boiling. Over the balance-reduced boiling time and
equal iso-a-acids content in worts, low-pressure wort boiling systems
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Tab. 9 Uspory éasu a energie/ Table 9 Time and energy savings

showed increased yield of iso-a-

NT NDT ATM acids in beer in a series of atmos-

. pherics, dynamic low-pressure
para/ steam kg 38.2 43.3 51.1 and low-pressure wort boiling.

uspora / saving % 25 15 0 Low-pressure  boiling in

&as / time min. 65 70 90 closed boiling system saved sig-

. - . nificant amount time and energy

uspora/ saving o 28 22 0 (28% and 25%), but sensorial

pfijemna) v porovnani s atmosférickym systémem chmelovaru. V za-
sadé mUze byt tato nevyhoda dale feSena stripovanim, postevapo-
raci nezadoucich tékavych latek po ukon&eni chmelovaru (vakuové
odpareni, mzikové odpareni), ale tyto operace vyzaduji dalsi inves-
tiéni naklady a provozni naklady.

Senzoricka kvalita piva vyrobeného dynamickym nizkotlakym
a atmosférickym varem se prikazné neodliSovala, senzoricky
profil byl bliz&i ke klasickému chmelovaru. Tento systém se jevi
jako slibny pro dal$i vyzkum optimalizace tlakovych pulzl a roz-
loZzeni chmelovych davek pro pfizplsobeni této technologie varu
pro vyrobu Ceského piva. Tato technologie pracujici v uzavieném
/ otevieném systému uSetfi znaéné mnozstvi ¢asu a energie (cca
0 22 % a 15 %) v porovnani s 90 min. klasickym atmosférickym
chmelovarem.

V tomto ¢lanku jsou uvedeny vysledky zakladni pilotni studie, kte-
ré budou ovérovany a rozsifovany v dalsi praci na této problematice.

PODEKOVANI 3

Tato prace byla podpofena Ministerstvem zemédélstvi Ceské re-
publiky v rdmci projektu RO1914 “Vyzkum kvality a zpracovani sla-
darskych a pivovarskych surovin” a Ministerstva Skolstvi, mladeze
a télovychovy v ramci projektu LO1312.
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quality of beer produced by this
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amount of some volatile compounds, significantly different (evalu-
ated as less pleasant) compared to the classical atmospheric boil-
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Sensorial quality of beer prepared by the use of the dynamic low-
pressure and the atmospheric boiling did not differ significantly; sen-
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seems to be promising for further research on the optimal distribution
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This article presents the results of basic pilot study that will be veri-
fied and extended in the further work on this issue
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