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RozkvaSovani kvasni¢né kultury ve spilané mladiné usnadriuje jeji
rychly a pfitom pfirozeny pfechod z laboratornich podminek do pro-
voznich CKT. Rychlost pomnozovéani spole¢né se Setrnym rozkva$o-
vacim pomérem umoziuje ziskat standardné prokvasujici kvasnice,
zbavené nutriéniho stresu. Tento stav spole¢né s udrzovanim kvas-
nic v exponencialni fazi rastu se z velké miry podili na rovnomérném
prokvasovani piva.

Promyvani pomoci CO, nabizi u¢inny nastroj pro homogenizaci
mladiny v CKT pfed hlavnim kvasenim, popf. béhem zchlazovani.
Proud CO, umozni nejen udrzet cirkulaci piva pfi anomalnich teplo-
tach, ale skyta i moznost ke standardizaci obsahu tékavych latek
a nasyceni piva pfed sudovanim.

Millar, G. — Janousek, J. — Pasek, L. — Spirko, J. — Goldmann, R.:
CCT Velké Popovice — yeast propagation, two-way filling, strip-
ping and homogenization of beer using CO,. Kvasny Prum. 51,
2005, No. 2, p. 42-46.

Inoculation of yeast culture in transferred wort facilitates its fast and
thereby natural transmission from the laboratory conditions into the
operational CCTs. Growth rate together with gentle fermentation rate
enables acquisition of fermenting yeast free of nutrient stress in
a standard way. This fact together with maintaining of yeast cells in
an exponential growth phase results in even attenuation of beer.

Stripping using CO, offers an efficient tool for homogenisation of
wort in CCT before fermentation or during cooling. CO, flow enables
not only to keep the circulation of beer at abnormal temperatures, but
also allows the possibility to standardise content of volatile com-
pounds and to carbonate beer before racking.
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1 UvVoD

V roce 2002 rozhodl management spole¢nosti Plzerisky Pra-
zdroj, a. s. o vystavbé 6 ks CKT v pivovaru Velké Popovice, s cel-
kovou kapacitou 19 800 hl. Hlavni zamér tohoto rozhodnuti, tj. na-
vySeni vyrobnich kapacit, byl dale podminén i zvySenim
technologické kazné a standardizaci vyroby, pfipadné zaclenénim
novych technologii.

Po Uspé&sném uvedeni v pivovarech Prazdroja Gambrinus byla dale
rozvinuta propagace s uzavienym cyklem, tj. bez sterilizace mladiny.
Pro praktické odzkou$eni pak byla navrzena a rozpracovana metoda
oboustranného plnéni CKT, s cilem snizit plnici natokovou rychlost
spilané mladiny a dale pak michdni a promyvéni piva v CKT pomoci
CO,. Predevsim promyvani piva pomoci CO, umoznuje mimo vy-
rovnani teplot béhem zchlazovani CKT upravit i obsah tékavych la-
tek, standardizovat koncentraci CO, a udrzovat rovhomérnou distri-
buci extraktu v celém objemu CKT. Nezanedbatelné je i zvySeni
ucinnosti chlazeni piva, zkraceni doby zchlazovani a standardizace
prokvaseni.

Die direkte Beimpfung von Ausschlagwirze mit einer Reinzucht-
hefe unterstiitzt die schnelle und natiirliche Uberfilhrung der Hefe
von Laborbedingungen auf Produktionsbedingungen in ZKTs.

Die Wachstumsrate der Hefe in Verbindung mit einer schonenden
Vergarung ermdglicht eine Vermehrung der Gérhefe frei von Nahrs-
toffstress, wie er bei herkdmmlichen Methoden oftmals auftreten
kann.

Dieser Sachverhalt in Verbindung mit der Tatsache, daf3 die Hefe
in der exponentialen Wachstumsphase gehalten wird, fuhrt zu einer
auBerst gleichmaBigen Vergarung des Bieres.

Stripping mittels CO, ist eine sehr effiziente Methode, um die Wiirze
vor der Vergarung und wahrend des Kuihlens homogen zu halten. Der
CO,-FluB erlaubt nicht nur das Umpumpen des Bieres bei unlbli-
chen Temperaturen, sondern offeriert auch die Méglichkeit eine Stan-
dardmenge fllichtiger Aromakomponenten im Bier einzustellen, be-
vor dieses zur Abflllung kommt.

Munnap, . — SlHoywek, . — MNawek, J1. - Wnupko, N. - Fona-
maHH, P.: LUKT nuB3aBopsa Benke [MonoBuue — p[poxke-
reHepaTtop, ABYCTOPOHHEE HaroJIHEHWE UM romoreHusauus
nuBa npu nomowm CO,. Kvasny Prum. 51, 2005, Ho. 2, cTp. 42—46.

PasbpakuBaHue OpoxOKeBOi KyNbTypbl B Cycrie NMo3BOMSET ee
ObICTPbIA U €CTECTBEHHbIA NEPexXos U3 nabopaTopHbIX YCIIOBUA B
npoussogcTBeHHble LIKT. CKOpoCTb pa3MHOXEHUS BMecTe
c 6epexnuBbiM KO3(PPULMEHTOM pasbpaknBaHUs MNO3BONAOT
Nnony4YnTb CTaHAAPTHbIE pa3bparkuBatoLme APOXOKU, N36aBEHHbIE
cTpecca nMTaTeNnbHOro BelecTBa. JTO COCTOSHME BMecTe
C YyOepXuBaHUEM [OPOXOKEW Ha  3KCMOHeHumanoHonm dase
CcOAenNCcTBYIOT MO 6osblieli Mepe paBHOMEPHOMY mpoueccy
6poxxeHus nuea.

MpombiBka nomoubto CO, npeacTaBnseT ahHeKTUBHOE Cpesc-
TBO A5 romorennsayum cycna B LIKT nepeg rnaBHbIM 6poxxeHnem,
unu B TeyeHue oxnaxpaeHusa. Tok CO, No3BONSET He TOMbKO
yOepXnBaTb LUMPKYNALMIO NMBa Npy aHoOMasbHbIX TemnepaTypax,
HO 1 NO3BOMSET CTaHA4apTU3aumMio coaepXXaHusa NeTy4mx BeLwecTs
1 HachbllLeHVe N1Ba nepes po3fiMBOM NuBa no 6o4kam.

Keywords: propagation with closed cycle, two-way CCT filling, flus-
hing of beer using CO,, box and whiskers graph

1 INTRODUCTION

In 2002 the top management of Plzefisky Prazdroj, a. s. made a de-
cision to install six CCTs with the total capacity 19 800 hl in the Velké
Popovice brewery. The main intent of this decision, i.e. increasing the pro-
duction capacity, was to improve the technological discipline, standardi-
sation of production, alternatively by introduction of new technologies.

Based on the successful commissioning of the Plzefisky Prazdroj
a Gambrinus breweries propagation with closed cycle (i.e. without
sterilisation of wort) was further developed. For practical testing a met-
hod of two-way CCT filling with a view to reduce the filling inflow wort
speed while transferred to fermenting vessel and also mixing and
stripping of beer in CCT using CO, was suggested and worked out.
Foremost stripping of beer using CO, allows, besides temperature
equalization during CCT cooling, to adjust content of volatile com-
pounds, standardise CO, concentration and keep an even extract di-
stribution throughout the whole CCT volume. Also increase in beer
chilling efficiency, shorter cooling time and standardised attenuation
are not negligible.
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2 NOVE TECHNOLOGIE
cedure of yeast propagation
2.1 Propagacni stanice

Tab. 1/ Table 1 Teplotni rezim propagace kvasinek / Temperature pro-

2 NEW TECHNOLOGIES

2.1 Propagation station

Objem / Teplota /
Volume [hl] | Temperature [°C] 2.1.1 Appliance description

0.2 20 Necessity for successful pro-
’ pagation of brewing yeast is ste-

rile wort containing sufficient
quantity of required nutrition
compounds. Propagation sys-

5 18

40 16 tems using additional sterilisa-

tion of cooled wort represent risk

of losing these compounds.
The new propagation station in

240 14

2.1.1 Popis zafizeni
Podminkou Uspésné provozni 4 ok | Carlsbergska nadoba

propagace pivovarskych kvasi- 1ststep | Carlsberg vessel
nek je sterilni mladina obsahujici -
dostateéné mnozstvi viech po- |2 Krok | Propagator
trebnych nutriénich latek. Propa- |21 step | Propagator
gacni systémy vyuzivajici doda- 3. krok Propagator
tenou  sterilaci  zchlazené 3rd step | Propagator
mladiny pfinaSeji riziko ztraty 4. krok Rozkvasny tank
técl:\llwtoJétek. i stan . 4th step | Pitching tank

ova propagacni stanice v pi- p
vovaru Velké Popovice vyuziva gﬁf rsotlr; mﬁzﬁs?:nznky
skute€nosti, ze na konci chmelo- P 9

PVP uses the fact that at the end
of hop boiling the wort is sterile
[1] and is collected through the

480 13

varu je mladina dokonale sterilni

[1] a odebira se pfes dvousedlovy ventil z potrubi mezi vifivou kadi
a chladi¢em. Horka mladina je pfed vstupem do propagatoru zchla-
zena pomoci deskového vymeéniku na pozadovanou teplotu. Odpada
tak dodatecna sterilace mladiny, ¢imz se minimalizuji ztraty latek po-
tfebnych pro vyzivu kvasinek a rovnéz se zachovava stejna nutricéni
hodnota mladiny, do které bude kvasni¢na kultura vyvedena. Dalsi
vyhodou tohoto usporadani je technicka nenaro¢nost této propagacni
stanice, ktera se sklada pouze z jedné technologické nadoby (pro-
pagatoru) a zasobniku na horkou vodu z deskového vyméniku, vyu-
Zivanou pro sanitaci. Pfednosti je téZ nizsi energeticka naro¢nost pro-
pagace, nebot odpada spotfeba pary na sterilaci mladiny a dodavky
ledové vody na zchlazeni mladiny po sterilaci.

2.1.2 Popis technologie

Jednou tydné se v propagatoru zakvaSuje 5 hl mladiny &istou la-
boratorni kulturou pomnozenou v Carlsbergské nadobé. Po 24 hodi-
nach je propagator doplnén na objem 40 hl. Tento objem pak slouzi
po dalich 24 hodinach k zakvaSeni rozkvasného tanku (objem 240
hl po doplnéni mladinou). Poslednim krokem je rozdéleni objemu prv-
niho rozkvasného tanku do dvou a doplnéni obou mladinou na ob-
jem 2x240 hl. Timto zplsobem se béhem ¢Ctyf dnl ziska 480 hl vy-
sokych krouzk(. Rezim propagace je znazornén v tab. 1.

Pomérovym zakvaSenim do jednoho CKT Ize béhem 7-8 dni zis-
kat 2500 hl vysokych krouzkud. Propagace tedy pracuje na principu
fed-batch procesu, ktery neni zatizen problémy spojenymi se semi-
kontinualnim procesem (prlibézné odc¢erpavani urcitého podilu
krouzku z propagatoru a doplfiovani mladinou), tj. vétsi moznosti kon-
taminace, nardstem koncentrace ethanolu [2], zmé&nami v produkci
senzoricky aktivnich tékavych latek [2] a zvySenym nebezpedim de-
generace kvasinek [3].

Obr. 1-4 predstavuji vysledky vice nez dvoumési¢niho provozu
nové propagacni stanice. Pocet bunék byl v obou krocich cilené na-
staven na horni hranici maxima zmifiovaného Mangerem [4]. Crab-
tree-efekt zapficinuje, Zze vzniku alkoholu (ethanolu) nelze pfi propa-
gaci v mladiné zabranit. Nicméné koncentrace alkoholu dosazené na
konci cykll jsou nizké a diky fed-batch procesu nedochazi k jeho ku-
mulaci. Hodnota pH koreluje s po¢tem bunék na konci cyklu [5]. Zdan-
livé prokvaseni pfi pfevodu do dal$iho kroku je nastaveno tak, aby
propagované kvasinky byly udrzovany v exponencialni riistové fazi
a neprechazely do faze stacionarni a aby nedoslo v priibéhu propa-
gace k vy€erpani dusikatych zdrojii s naslednym negativnim dopa-
dem na stav kvasni¢nych bunék.
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Obr. 1/ Fig. 1 Pocet bunék na konci propagace v krocich 5 a 40 hl /
Yeast cell count at the end of propagation in 5 and 40 hl steps

double seat valve from pipes bet-
ween the whirpool and the wort chiller. Hot wort is cooled down via
plate exchanger to the required temperature before entering the pro-
pagator. Therefore the additional sterilisation of wort is not necessary
any more which minimises losses of the compounds necessary as
nutrition for yeast and the same nutrition value of wort into which the
yeast culture will be inoculated is retained. Another advantage of this
system is the propagation low technical demand as the yeast pro-
pagation consists only of one technological vessel (propagator) and
reservoir for hot water taken from the plate exchanger that is used
for sanitation. Another preference is the propagation lower energy de-
mand as there is no need for steam to sterilise wort and ice water
supply to cool wort after sterilisation.

2.1.2 Technology description

Once a week 5 hl of wort is inoculated with pure laboratory culture
cultivated in the Carlsberg vessel. After 24 hours the propagator is
filled up to 40 hl. After another 24 hours this volume is used to ino-
culate the pitching tank (volume 240 hl after filled with wort). The last
step is to divide the first pitching tank volume into two tanks and to
fill up both with wort to get 2x240 hl. In this manner, lasting 4 days,
480 hl of high krausens is obtained. A propagation procedure is sum-
marized in tab. 1.

Proportional inoculation into one CCT can produce 2,500 hl of high
krausens in 7-8 days. Therefore the propagation works on fed-batch
process principle that is not affected by problems connected to the
semi continuous process (continuous pumping out of a certain por-
tion of krausen from the propagator and filling up with wort), i.e. hig-
her risk of contamination, increase in ethanol concentration [2], chan-
ges in formation of flavour active volatile compounds [2] and higher
risk of yeast degeneration [3].

Figs. 1—4 show results of more than two-month operation of the
new yeast propagation. Yeast cell count was specifically set up to the
upper maximum limit previously mentioned by Manger [4] in both
steps. Due to the Crabtree-effect formation of alcohol (ethanol) while
propagating the wort cannot be prevented. Nevertheless, the con-
centration of alcohol reached at the end of the cycles are low and
fed-batch process eliminates its accumulation. The pH value corre-
lates with yeast cell count at the end of the cycle [5]. The apparent
attenuation while transferring to the next step is set up in a way to
keep the propagated yeast cells in the exponential growth phase, not
to cross over to the stationary phase and to prevent exhaustion of
nitrogenous sources with consequent negative impact to yeast cell
condition during propagation.
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Obr. 2/ Fig. 2 Zdanlivé prokvaseni na konci propagace v krocich 5
a 40 hl / Apparent attenuation at the end of propagation in 5 and 40
hl steps
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Obr. 3/ Fig. 3 Obsah alkoholu na konci propagace v krocich 5 a 40
hl / Alcohol content at the end of propagation in 5 and 40 hl steps

Vysvétlivky k obr. 1—4 a 8: Data predstavuiji priimér deseti hodnot (H),
krabicovy graf znazorriuje £ smérodatnou odchylku, symboly(T-) vy-
jadfuji maximalni a minimalni hodnoty.

2.2 Oboustranné pInéni CKT mladinou

PoZadovany vykon spilani Q = 650 hl/h znamena pfi DN 100 neu-
mérné vysokou rychlost mladiny v potrubi v = 2,3 m/s . Vysoka hod-
nota stfiznych sil negativné ovliviuje koloidni a senzorickou stabilitu
piva. Pro snizeni rychlosti pod 1,5 m/s Ize bud zvolit konzervativni po-
jeti, tj. zvétseni pruméru spilaciho potrubi — toto feSeni ovsem znacné
zvySuje investiéni i provozni naklady (armatury, zadrzny objem CIP,
pozadované rychlosti pfi CIP, protlacky, vytraty atd.), které neimérné
prodluzuji dobu navratnosti investice, nebo vyuzit vratné sanitaéni
vétve k oboustrannému plnéni CKT.Vyhoda sou¢asného ¢erpani spi-
laci a vratnou sanitaéni vétvi umoznuje i soubézné Cerpani vysokych
krouzkl z rozkvasnych tankd a zchlazené mladiny do CKT. Takto se
zkrati ¢as plnéni CKT a zajisti u€¢inna homogenizace kvasnic v celém
objemu CKT. V sou¢asné dobé se vyuziva smycka pod CKT i k pro-
vzdusnéni a zakvaSovani mladiny do spilky (obr. 5).

Naklady na nezavislou regulaci pratoku v kazdé vétvi Ize snadno
ekonomicky obhdjit. Takto Ize rozdélit Cerpany objem a pfitom za-
chovat pfijatelné technologické parametry i v potrubi DN 100. Obou-
stranné pinéni CKT garantuje maximalni rychlost ve vétviv = 1,3 m/s.
Obé plnici vétve se sbihaji pod kénusem CKT, coz je jediné misto
zvySené rychlosti, které Ize fesit armaturou s vy8S§im DN. Pfi obou-
stranném pInéni se protlaci cela smycka jednosmérné niz§im vyko-
nem od a zpét k délicimu bodu (B) za provzdusnénim, pak se otevie
vstup do CKT, propoji rozdélovaci bod a pozvolna se zvysi vykon na
maximalni hodnotu. V opaéném poradi se provadi protlacka pred sa-
nitaci. Vlastni déleni tok( mladiny do hlavni a pomocné (vratna CIP)
vétve nasleduje az za provzdusnénim tak, aby byl garantovan kon-
stantni obsah rozpusténého kysliku ve spilané mladiné. Zakvaseni je
pak pouze na mladinové vétvi a sanitaéni vétev podle poméru tokl
dopliuje celkovy Cerpany objem. Protlacky probihaji pouze jedno-

E C

Obr. 4/ Fig. 4 Hodnota pH na konci propagace v krocich 5 a 40 hl /
pH value at the end of propagation in 5 and 40 hl steps

Explanatory notes for the fig. 1-4 and 8: The data present the ave-
rage of 10 values (M), box graph shows + standard deviation, sym-
bols (T+) express maximum and minimum values.

2.2 Two-way filling of CCT with wort

The required wort transfer output Q = 650 hl/h with DN 100 means
extremely high speed of wort in pipes v = 2,3 m/s. High value of shear
forces impacts negatively on colloidal and flavour stability of beer. To
reduce the speed below 1,5 m/s either a conservative solution can
be used, i.e. increase in diameter of transferring pipes, however this
solution increases both investment and operational costs significantly
(fittings, holding volume of CIP, required speed during CIP, water rin-
ses, losses, etc.) which excessively prolong the return on investment,
or it is possible to use the sanitation return pipes to fill CCT from both
sides. Advantage of the current pumping system through the transfer
and sanitation return pipe enables continuous pumping of high krau-
sens from the pitching tanks and cooled wort to CCT. This way the
CCT filling time will be reduced and efficient homogenisation of ye-
ast is ensured throughout the entire CCT volume. Currently the loop
underneath the CCT is used for aeration and pitching of wort tran-
sferred to the old fermenting cellar (fig. 5).

Costs for independent regulation of flow in each pipe can be eco-
nomically justified. Hereby the pumped volume can be divided and
acceptable technological parameters in pipes DN 100 can be retai-
ned at the same time. Two-way CCT filling guarantees the maximal
speed in the pipeline v = 1,3 m/s. Both filling pipelines meet under-
neath the conical part what is the only place of increased speed which
can be solved by fitting with higher DN. With two-way filling the whole
loop is flooded with water running in one way at lower output from
and back to the division point (B) after the aeration section. After-
wards the entrance to the CCT is opened, the division point is inter-
connected and the output is slowly increased up to the maximum.
Flooding before sanitation is carried out in reverse order. Division of
wort flows into the main and secondary pipeline (CIP return) follows

Legenda / Explanation:

Zaftizeni / Equipment

A — vzdu$néni mladiny / wort aeration

B — ventilovy blok / valve matrix

C — propagator / propagator

D — zakvaSovani mladiny pomoci kvasnic / wort

JL

A

UUULLN

[

OO

pitching
E — uschovné tanky kvasnic / yeast storage tanks
F — rozkvasné tanky / pitching tanks
G — zakvaSovani mladiny pomoci vysokych krouzku
/ wort inoculation using krausen
T J H - CKT/CCT
| — oboustranné pInéni CKT pomocnou vétvi / two-
way CCT filling through the secondary pipeline
J —jednosmérna sanitace smycky / one-way loop
sanitation

Média / Mediums

K

1 —mladina z varny do CKT / wort form the

@JG

Obr. 5/ Fig. 5 Technologické schéma / Process flow sheet

brewhouse into CCT

2 — sterilni vzduch / sterile air

3 — zakva$ena mladina do spilky / inoculated wort
transferred to the old fermenting cellar




KVASNY PRUMYSL
ro¢. 51 /2005 — ¢islo 2

45

smérné ve sméru hlavniho toku, ¢imz se vyuziva pouze jeden bilan¢éni
pritokomér.

2.3 Michani a promyvani piva v CKT pomoci CO,

Pro zabranéni vrstveni piva béhem plnéni CKT mladinou a pro do-
sazeni stejného prokvasovani vrstev s rozdilnou teplotou a koncent-
raci kvasnic byla navrZzena tryska [6], kterd umozruje michani vrstev
pomoci vzduchu nebo CO,. Tryska pIni dvé funkce: zajistuje distribuci
plynu a sanitaci druhé sudovaci vétve v kdnusu, na niz je umisténa
(obr. 6). Tato pozice zaruCuje pfi zchlazovani pouze pohyb piva nad
sedimentem kvasnic v kénusu a nebrani tak sou¢asnému odtahu
kvasnic. Michani Ize provadét jak vzduchem po ukonéeni pinéni CKT
— homogenizace zakvasené mladiny v celém objemu CKT, tak i po-
moci CO, béhem kvaseni resp. béhem zchlazovani piva v CKT z tep-
loty hlavniho odstrelu kvasnic +6 °C na sudovaci teplotu = 0 °C. Eli-
minace bodu obratu proudéni (+4 °C) v celém objemu se velmi
pfiznivé projevuje na kratsi dobé zchlazovani a na homogennim pro-
kva$eni i obsahu CO, (obr. 5) v sudovaném pivu. Homogenizace par-
tii se pak pfiznivé projevuje na rychlej$im zchlazovani a vyrovnanéj-
Sich analytickych kritériich finalniho piva [7, 8]. Zmé&na nosného média
— sterilni vzduch/CO, je provadéna automaticky pod kontrolou fidi-
ciho systému. Pfi promyvani piva pomoci CO, dochdazi rovnéz ke sni-
Zeni obsahu volného DMS, tékavych estert, mastnych kyselin a vys-
Sich alkoholt [9]. Promichani vrstev piného CKT po zakvaseni trva
cca pét minut. Jednoznaéné pozitivni vliv trysky na homogenizaci
mladiny pfed hlavnim kvaSenim (obr. 7), definovanou dobou hlavniho
kvaSeni a zchlazovani mladého piva v CKT, jako i na analyticka kri-
téria pfi sudovani vedly k zaclenéni kroku provzdusnéni — promyvani
pomoci CO, do standardni technologie hlavniho kvaseni.

after aeration in a way to guarantee a constant content of dissolved
oxygen in transferred wort. Then, inoculation runs just through the
wort pipeline and the sanitation pipeline fills up the total pumped vo-
lume according to flow ratio. The flooding runs only in one direction
and thus only one balance flow meter is used.

2.3 Mixing and stripping beer in CCT using CO,

To prevent layering up of beer while filling CCT with wort and to re-
ach the same attenuation of each layer with different temperature and
yeast concentration a nozzle [6] that enables mixing layers using air
or CO; has been designed. The nozzle performs two functions. It en-
sures distribution of gas and sanitation of the second racking pipe-
line in the conical part where the nozzle is installed (fig. 6). This po-
sition ensues movement of beer only above the yeast sediment in the
conical part while cooling and it does not prevent yeast removal at
the same time. Mixing can be carried out by both air when CCT fil-
ling is finished — homogenization of the inoculated wort in the whole
CCT volume and by using CO, while fermenting, basically while co-
oling of beer in CCT from the main yeast removal temperature
+6 °C down to the racking temperature + 0 °C. Elimination of the cir-
culation reversing point (+4 °C) in the whole volume takes a very fa-
vourable effect on shorter cooling time and on homogenous attenu-
ation and CO, content in racked beer as well (fig. 5). Homogenisation
of batches then positively influences faster cooling and more balan-
ced analytical criteria of final beer [7, 8]. Alternation of the carrying
medium — sterile air/CO, is done automatically under system control.
Also while stripping beer using CO,, free DMS content, volatile es-
ters, fatty acids and higher alcohols are reduced [9]. Mixing layers in
the filled CCT after inoculation takes approx. 5 minutes. Uniquely po-
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Obr. 6/ Fig. 6 Promyvaci tryska pro homogenizaci — karbonizaci piva
v CKT / Stripping nozzle for homogenization — carbonization of beer
in CCT

3 VYSLEDKY A DISKUSE

Jak vyplyva z obr. 7, promyvaci tryska ucinné napomaha k homo-
genizaci mladiny v CKT pfed hlavnim kvasenim, a tim pfispiva k rov-
nomérné distribuci extraktu a prokvasovani piva. Doplnéni technolo-
gie propagace s uzavienym cyklem automatickym provozem
rozkvasnych tankd a oboustrannym plnénim CKT umoznilo dosah-
nout objemu 2500 hl vysokych krouzk(i z 20 | Carlsbergské nadoby
béhem sedmi dni. Udrzovani kvasni¢né kultury v exponencialni fazi
rlstu zvysSuje rychlost pfirozeného rozkvasovani a pfiznivé ovliviuje
standardni technologicky parametr PZD = 79,7 % (smérodatna od-
chylka 1,02) (obr. 8).

4 ZAVER

RozkvaSovani kvasni€né kultury ve spilané mladiné usnadriuje jeji
rychly a pfitom pfirozeny pfechod z laboratornich podminek do pro-
voznich CKT. Rychlost pomnoZovani spole¢né s Setrnym rozkvaso-

Legenda / Explanation:
1 —vstup CO, / CO; inlet
2 — vstup mladiny/piva / wort/beer inlet

sitive effects of the nozzle to homogenisation of wort before main fer-
mentation (fig. 7), defined duration of the main fermentation process
and cooling of young beer in CCT as well as analytical criteria while
racking led to introduction of the aeration step — stripping using CO,
— into the standard main fermentation process technology.

3 RESULTS AND DISCUSSION

As resulting from the fig. 7 the stripping nozzle efficiently supports
homogenisation of wort in CCT before main fermentation and thus
makes for equal distribution of extract and beer attenuation. Com-
pletion of the propagation technology by closed cycle with automa-
tic operation of pitching tanks and with two-way CCT filling made it
possible to reach 2,500 hl of high krausens from 20 | Carlsberg ves-
sel in 7 days. Keeping the yeast culture in the exponential growth
phase increases the speed of natural fermentation and positively in-
fluences standard technological parameter (apparent attenuation)
PDF = 79,7 % (standard deviation 1,02) (fig. 8).
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Obr. 7/ Fig. 7 Homogenizace mladiny po doplnéni CKT / Homogenization of wort after filling CCT

t; — teplota horniho teploméru (°C) 670 hl / temperature of the upper
thermometer (°C) 670 hl

t, — teplota dolniho teploméru (°C) 2240 hl / temperature of the lower
thermometer (°C) 2,240 hl

vacim pomérem umozfiuje
ziskat standardné prokva-

a) — stav pfed homogenizaci / status before homogenization
b) — stav po homogenizaci / status after homogenization

4 CONCLUSION

Inoculation of yeast culture in
transferred wort facilitates its fast
and thereby natural transmis-
sion from the laboratory conditi-

ons into the operational CCTs.
Growth rate together with gentle

HEll

fermentation rate enables acqu-
isition of fermenting yeast free of
nutrient stress in a standard way.
This fact together with maintai-

dujici  kvasnice, zbavené g 90,0
nutriéniho stresu. Tento stav ‘g s
spole¢né s udrZzovanim 2= 850 1
kvasnic v exponencialni fazi < 2
se z velké miry podili na rov- cs 80.0 1
nomérném  prokvasovani 3 Y

. 2c
piva. =g

Promyvani: pomoci CO, S8 750 1
nabizi ucinny nastroj pro ho- N %
mogenizaci mladiny v CKT

70,0

pfed hlavnim kvaSenim,
popf. béhem zchlazovani.
Proud CO, umozni nejen
udrzet cirkulaci piva pfi ano-
malnich teplotach, ale skyta
i moznost ke standardizaci obsahu tékavych latek a nasyceni piva
pfed sudovanim.
Lektoroval Ing. Miroslav Kahler, CSc.
Do redakce doslo 17. 12. 2004
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