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Srogl, J. — Vernerova, H. — Matasova, L. — Sigler, K.: Faktory ovliviiujici aktivitu invertasy béhem kvaseni, dokvasovani a v hotovém
pivu. Kvasny Prum. 53, 2007, €. 5, s. 134—-138.

Clanek se zabyva vlivem teploty, prani kvasnic a rdznych varnych technologii (klasicky proces, technologie CKT) na aktivitu invertasy bé-
hem kvas$eni, zrani a v hotovém pivu.

Béhem dokva3ovani pfi klasickém procesu pfi teploté 1,0-4,5 °C i v pfetlacnych tancich se aktivita invertasy (3,4—3,5 ukat/l) vyrazné ne-
méni. ZvySuje se (az na 5,4 ukat/l), jestlize dokvaSovani probiha pfi teploté 22—24 °C, a sou¢asné dochazi ke zvySovani hladiny FAN jako in-
dikatoru bunécné lyze. U CKT procesu bylo zjisténo, ze prané kvasnice uvolfiuji do hotového nepasterovaného piva méné invertasy nez ne-
prané, a jsou tedy ziejmeé v lepSim fyziologickém stavu. Pivo vyrobené s pouzitim CiSténych kvasnic bylo senzoricky hodnoceno vétsinou
pfiznivéji. MnozZstvi uvolfiované invertasy se také zvySuje s opakovanym nasazovanim kvasnic. Hladina invertasy v pivu po celou dobu do-
kvaSovani je konstantni a buriky béhem tohoto procesu nelyzuji. Pfi pouziti technologie CKT je hladina invertasy v hotovém pivu podobna
jako u klasické technologie, vykazuje vSak vétsi variabilitu, zfejmé jako dusledek méné intenzivni homogenizace jednotlivych partii piva.

Srogl, J. — Vernerova, H. — Matasova, L. — Sigler, K.: Factors affecting invertase activity during beer brewing, lagering and in the fi-
nished product. Kvasny Prum. 53, 2007, No. 5, p. 134-138.

The article concerns the effect of temperature, yeast washing and different brewing technologies (classical process, CCT technology) on
invertase activity during main fermentation, secondary fermentation and in finished beer.

During secondary fermentation in the classical process at 1,0-4.5 °C, as well as in the bright beer tanks, invertase activity (3.4-3.5 ukat/l)
does not perceptibly change. It increases (up to 5.4 ukat/l) when the secondary fermentation proceeds at 22—24 °C, with a concomitant inc-
rease in the level of FAN as an indicator of cell lysis. As found in the CCT process, washed yeast releases into the finished unpasteurized
beer less invertase than unwashed one and is thus obviously in a better physiological state. Beer produced with washed yeast was also eva-
luated as being sensorially superior. The amount of released invertase also increases with repeated yeast pitching. The activity of invertase
in beer during secondary fermentation is constant throughout and the cells do not lyse during this process. When using CCT technology, the
activity of invertase in filtered beer is similar to that found during the classical brewing process but exhibits a higher variability, obviously as
a result of a less intensive blending of individual beer lots.

Srogl, J. — Vernerova, H. — Matasova, L. — Sigler, K.: Faktoren, die die Invertaseaktivitat wahrend der Garung, der Nachgéirung und
im fertigen Bier beeinflussen. Kvasny Prum. 53, 2007, Nr. 5, S. 134—138.

Der Artikel behandelt den Einfluss von Temperatur, Hefewéasche, wiederholter Hefezugabe sowie verschiedenen Garungstechnologien
(klassische Garung, zylindrisch-konische Gartanks, ZKG) auf die Invertaseaktivitdt wahrend der Garung, wahrend Nachgarung und im fer-
tigen Bier.

In klassischen Prozessen bei 1,0-4,5 °C, wie auch in Drucktanks &ndert sich wahrend der Nachgarung die Invertaseaktivitat nicht we-
sentlich (3,4-3,5 ukat/L). Findet die Nachgéarung bei einer Temperatur von 22—-24 °C statt, steigt die Aktivitat bis auf 5,4 ukat/L bei erhéhter
Freisetzung freien Aminostickstoffs als Indikator der Zelllyse.

Bei ZKG-Prozessen zeigte sich, da3 gewaschene Hefe weniger Invertase ins fertige unpasteurisierte Bier freisetzt als ungewaschene, was
offensichtlich auf einen besseren physiologischen Zustand schlieBen 1aBt. Das mit gewaschener Hefe hergestellte Bier ist auch sensorisch
besser zu bewerten. Die Aktivitat der freigesetzten Invertase steigt auch bei wiederholter Hefezugabe. Der Invertasespiegel im Bier ist wah-
rend der gesamten Nachgarung konstant und es findet wéhrend dieses Prozesses keine Zelllyse der Hefezellen statt. Bei der ZKG-Techno-
logie liegt der Invertasegehalt im fertigen Bier &hnlich wie beim klassischen Prozess, zeigt jedoch gréBere Schwankungen auf, die einer we-
niger intensiven Homogenisierung der einzelnen Bierpartien zugeschrieben werden kénnen.

Wporn, Y. — BepHepoBa, I". — MaTacoBa, J1. — Curnep, K.: ®akTopbl BNMSIIOILME HAa aKTUBHOCTb MHBEPTAChl B NPOLIEcce GPOXeHUs,
co3peBaHuAa 1 B rotoBom nuBe. Kvasny Prum. 53, 2007, Ho. 5, ctp. 134-138.

CTtaTbs 3aHMMaeTCs BIUSIHMEM TeMMnepaTypbl, MPOMbIBKN APOXOKEN U pasHbIX MPOLEccoB Bapku (Knaccudeckuin, TexHonorusa LIKT), Ha
aKTMBHOCTb UHBEPTAaChI B MpoLecce 6pOXXeHNs, CO3pPeBaHNsA U B TOTOBOM MUBE.

B xoge gobpaxmBaHusa B Knaccuyeckom texHonoruu npu Temnepatype 1,0-4,5 °C akTuBHOCTb uUHBepTachl (3,4—4,5 ukat/L), aBHO He
mMeHuTcH. Bo3dpacTaeT (8o 5,4 ukat/L), ecnu co3peBaHue NpoucxoauT npu Temnepatype 22—24 °C, n 04HOBPEMEHHO MOAHNMAETCS YPOBEHb
FAN kak vHgvkatopa aBTonmsa kneTtok. B TexHonorum LIKT 6b1n10 yCTaHOBMEHO, YTO MPOMbIThbIE OPOXOKM BbIAENSAT B rOTOBOE He
nacTepn3oBaHHOE NMBO MEHEE MHBEPTACHI HEM HEMPOMbITbIE APOXOKN — 3HAYUT Y HUX BUAMMO fy4Lue ousnonorndeckoe coctosHue. lNMmueo
Npov3BeAeHHOE C NPUMEHEHMEM MPOMbITbIX APOXOKEN 6bII0 NpU AerycTaumm oLeHnBaHo 60MbLUMHCTBOM 60mee 6naronpusTHO.

KonuyecTBo BbigeneHon nHBepTachl NOAHNMAETCS TOXXE C MHOTOKpPaTHbIM MPUMEHEHUEM APOXOKeW. YpOBEHb MHBEPTAChl B NBe B
TedeHUn Jo6paXkKmnBaHNa SBNSETCS MOCTOAHHON N KNETKN B TEHEHUM 3TOro npoLiecca He aBTonmuaytoT. [Npu npumeHeHun TexHonornm LIKT
YPOBEHb MHBEPTACHI B TOTOBOM MWBE HAMOMUHAET YPOBEHb MNPV MPUMEHEHNN KNACCUHECKOW TEXHOMOMMN, HO NoKasbiBaeT 60ree BbICOKYHO
BapnabenibHoCTb, NO-BUAMMOMY B pe3ynbTaTe MeHee MHTEeHCMBHON rOMOreHn3anmmn oTAesbHbIX napTuen nuea.
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1 UvVOD

Cinnost kvasnic je rozhodujici pro sloZeni i senzorické vlastnosti
hotového piva. Vyrobena mladina béhem fermentace méni své slo-
zeni, protozZe jeji slozky jsou kvasnicemi metabolizovany za vzniku
charakteristickych latek. Aby kvaseni probéhlo zadoucim zplsobem,
je nutno, aby kvasnice byly v dobrém fyziologickém stavu, ktery je
vedle slozeni mladiny zékladni podminkou dosazeni standardniho vy-
robku.

Posuzovani fyziologického stavu kvasnic se dfive omezovalo na
znaky, které bylo mozno posuzovat vizualné (sedimentace, vzhled
sbiranych kvasnic, vzhled kvasinek pod mikroskopem apod.). Pokro-
kem bylo barveni mrtvych bunék methylenovou modfi nebo derivaty
fluoresceinu [1], které ovSem postihuje pouze zastoupeni mrtvych bu-
nék v kultufe (viabilitu). V. mnoha pfipadech jsou v8ak buriky kvasnic
v dusledku plGsobeni stresovych faktorG sice Zivé, ale maji snizenou
metabolickou schopnost, tedy sniZzenou vitalitu. Fermentace zahrnu-
jici buriky se snizenou vitalitou [1] mGze vyustit ve zmény produko-
vanych metabolitll, a tedy i nezadouci zmény hotového vyrobku.

Posuzovani fyziologického stavu kvasnic se stalo aktualnim ze-
jména v souvislosti se zménami technologie, a byla mu vénovana
znaéna pozornost [2—6]. Metody posuzovani vitality pivovarskych
kvasnic zahrnuji stanoveni hladiny dlleZitych metabolitl a zasobnich
latek [2], stanoveni intenzity metabolickych a bioenergetickych po-
chodU probihajicich na bunééné membrané [3-5] a stanoveni aktivity
nékterych dalezitych enzym [6].

Vyznamnym enzymem, ktery je vazan na bunécnou sténu kvas-
nic, je invertasa (f3-D-fruktofuranosidasa), ktera Stépi sacharosu ze
zivného prostfedi na oba monosacharidy, tj. glukosu a fruktosu, pfed
jejich transportem do nitra buriky. Tento pochod je velmi rychly (fa-
dové minuty), nebot jedna forma invertasy je lokalizovana v mannan-
proteinovém komplexu bunécéné stény a v periplasmatickém prostoru
mezi bunéénou sténou a plasmatickou membranou. B€hem kvasného
procesu se invertasa v malém mnozstvi uvolfiuje do prostiedi a jeji
aktivitu je mozno vzdy stanovit v hotovém nepasterovaném pivu (ij.
v nepfitomnosti kvasni¢nych bunék).

V sérii pokusl provadénych v Plzeriském Prazdroji v ,klasickych®
vyrobnich podminkach v roce 1987 jsme stanovili aktivitu invertasy
uvolnéné z kvasnic do piva a sledovali jsme, jak je tato aktivita ovliv-
néna teplotou a jeji moznou souvislost s autolyzou kvasnic [7]. Uvol-
fovani invertasy do roztoku by mohlo byt ovlivnéno dalSimi streso-
vymi faktory, napf. hydrostatickym tlakem, slozenim surovin,
provzdusnénim mladiny atd., a stupen uvolfiovani enzymu z bunék
by tak mohl poskytnout uzite€nou informaci o tom, zda se kvasni¢né
buriky béhem kvaSeni a dokvaSovani setkavaji s nepfiznivymi meta-
bolickymi podminkami. Pro stanoveni, zda a jak hladina invertasy
v kvasici kultufe, béhem dokvaSovani a v hotovém pivu zavisi na pou-
zité technologii, jsme sledovali v dalSich sériich pokusu v letech
2003-2006 aktivitu invertasy spolu s dalsimi indikatory kvality kvas-
ného procesu v hotovém pivu po fermentaci v cylindrokdnickych tan-
cich (CKT) [8, 9].

2 METODIKA

2.1 Prvni série pokust — klasicka fermentace

Vzorky byly odebirany po dobu 25 dnli ze 14 lezackych oddéleni
béhem dokvasovani 12% svétlého piva, které probihalo 45-60 dnu
pfi teploté 1-4,5 °C. Po odebrani byly vzorky dokvaSovany pfi teplo-
tach 0 °C, 6 °C a pfi laboratorni teploté (22—24 °C) a byla stanovena
aktivita invertasy. K 10 ml prefiltrovaného piva zbaveného CO, bylo
pfidano 2,5 ml 5% sacharosy a michano za laboratorni teploty 25
min. Pak byla invertasa inaktivovana (5 min pfi 100 °C) a stanovena
glukosa diagnostickou enzymatickou soupravou Oxochrom-Glukosa
(Lachema Brno) vyuzivajici glukosaoxidasu, peroxidasu a chromo-
gen. a-Aminodusik byl stanovovan spektrofotometricky pfi 340 nm
kyselinou 2,4,6-trinitrobenzensulfonovou.

2.2 Druha série pokust — technologie CKT

Horka mladina (12% svétly lezak) byla uvafena na provozni varné,
odebrana do plastovych barelt pfed chladi¢em mladiny pfi spilani
a ihned pfevezena do minipivovaru. Zde byla ihned zchlazena a za-
kvaSena. ZakvaSovani probéhlo ve tfech CKT kvasnicemi nasazova-
nymi poprvé (H1), podruhé (H2) a potfeti (H3), bud necisténymi, ¢is-

Key words: invertase activity, temperature, washed and unwashed
yeast, repeated pitching, classical fermentation, CCT technology

1 INTRODUCTION

Yeast metabolic activity is a decisive factor affecting the composi-
tion and sensoric properties of finished beer. During beer fermenta-
tion, the wort changes its composition because its constituents are
metabolized by yeast cells to yield characteristic substances. To en-
sure a satisfactory course of the fermentation, the yeast has to be in
a good condition. Along with suitable wort composition, this is a ba-
sic requirement for achieving a standard product.

In the past, evaluation of the physiological state of the yeast was
limited to traits that could be assessed visually (sedimentation, ap-
pearance of collected yeast, appearance of yeast cells under a mic-
roscope, etc.). Progress was achieved by the use of staining of dead
cells with methylene blue or fluorescein derivatives [1] which provi-
des information on the proportion of dead cells in the culture, i.e. vi-
ability. However, in many cases yeast cells, although living, have a lo-
wered metabolic competence due to the action of various stress
factors, i.e. lowered vitality. Fermentations involving cells with lowe-
red vitality [1] can give rise to changes in the produced metabolites
and undesirable changes in the finished product.

Assessment of the yeast physiological state has gained importance
especially in association with changes in brewing technology, and
has become a center of considerable attention [2-6]. The methods
used for evaluating yeast vitality include determining the levels of im-
portant metabolites and storage substances [2], the intensity of me-
tabolic and bioenergetic processes taking place in and at the cell
membrane [3-5], and the activity of some important enzymes [6].

An important enzyme bound to the yeast cell wall is invertase
(p-D-fructofuranosidase), which splits sucrose from the nutrient me-
dium into the two monosaccharides, glucose and fructose, prior to
their transport into the cell. This process is very fast, taking place wit-
hin minutes, since one form of invertase is localized in the mannan-
protein complex of the cell wall and in the periplasmic space between
the cell wall and the plasma membrane. During fermentation, small
amount of invertase is released into the external milieu and its acti-
vity can always be determined in the finished unpasteurized beer (i.e.
in the absence of yeast cells).

In a series of experiments carried out in Pilsner Urquell in 1987 un-
der conditions of the classical brewing process, we determined in-
vertase activity liberated from yeast into the beer at different tempe-
ratures and investigated its possible association with yeast cell lysis
[7]. The liberation of invertase into the medium could also be affec-
ted by other stress factors such as hydrostatic pressure, composition
of raw materials used for wort preparation, wort aeration, etc., and
the degree of its release from the cells could thus indicate whether
the yeast cells have encountered adverse metabolic conditions du-
ring fermentation and secondary fermentation. To determine whether
and how the invertase level in the fermenting culture, during secon-
dary fermentation and in finished beer depends on the technology
used, invertase activity, along with some other indicators of the fer-
mentation quality, was measured in another series of experiments
performed in 2003—-2006 in finished beer after fermentation in cy-
lindric-conical tanks (CCT) [8, 9].

2 METHODS

2.1 First series of experiments — classical process

Samples for invertase assay were collected for a period of 25 days
from 14 lagering sections during the secondary fermentation of 12 %
light beer that proceeded for 45-60 days at 1-4.5 °C. After collection
the samples were subjected to secondary fermentation at 0 °C, 6 °C
and at room temperature (22—24 °C) and invertase activity was de-
termined as follows: 10 ml filtered beer from which CO, was remo-
ved was supplied with 2.5 ml 5% sucrose and stirred at room tem-
perature for 25 min. Invertase was then inactivated (5 min at 100 °C)
and the level of glucose was determined by the Oxochrom — Glukosa
diagnostic enzyme set (Lachema Brno) based on glucose oxidase,
peroxidase and a chromogen. a-Amino nitrogen was determined
spectrophotometrically at 340 nm with 2,4,6-trinitrobenzenesulfonic
acid.

2.2 Second series of experiments — CCT technology
Hot wort (12 % light lager) was brewed in a plant brew house, col-
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Tab. 1 Aktivita invertasy v pivu ziskaném kvasenim v CKT pfi pouziti rizné ¢isténych a opakované nasazovanych kvasnic. Aktivita invertasy
zjisténa u piva zakvaseného necisténymi poprvé nasazenymi kvasnicemi byla definovana jako 100,0 %, ostatni hodnoty jsou vztazeny k ni.
/ Invertase activity in beer produced by CCT fermentation with differently washed and repeatedly pitched yeast. Invertase activity in beer fer-
mented with unwashed yeast after first pitching was taken as 100 %, other values were referred to it.

Cislo varky / CKT | Nasada kvasnic/| Cisténi/ Washing Invertasa OE % EtOH FAN
Brew no. Pitching ukat/Il % hm./ | % obj./| mgll
m/m v/iv
1 1 H1 necisténé / unwashed 5.59 100.0 12.15 4.46 184
2 2 H1 cisténé dekantaci / 3.97 71.0 11.88 4.37 167
washed by decantation
3 1 H2 necisténé / unwashed 6.11 109.3 12.32 4.67 166
4 2 H2 ¢isténé dekantaci / 5.36 95.9 12.03 4.53 162
washed by decantation
5 3 H2 promyté v minipivovaru / 4.66 83.4 11.84 4.46 162
washed in mini-brewery
6 1 H3 necisténé / unwashed 8.04 143.8 12.34 4.91 172
7 2 H3 ¢isténé dekantaci / 7.66 137.0 12.49 4.78 177
washed by decantation
8 3 H3 promyté v minipivovaru / 9.0 161.0 12.31 4.81 179
washed in mini-brewery

OE — puvodni extrakt / original extract, EtOH — koncentrace alkoholu / alcohol concentration, FAN — koncentrace volného a-aminodusiku /

free a-amino nitrogen

ténymi pranim ve vodé a dekantaci, nebo promytymi v minipivovaru
nékolikanasobnym pranim a dekantaci.V ¢erstvé zakvasené mlading,
béhem hlavniho kvaSeni, v pivu pfed filtraci a v hotovém pivu byly
stanoveny nasledujici parametry: plivodni extrakt, obsah alkoholu
a koncentrace a-aminodusiku (FAN). FAN byl stanoven na pfistroji
SAN PLUS Segmented Flow Analyzer (SKALAR Analytical B.V., Ho-
landsko), extrakt a alkohol na pfistroji SCABA (TECATOR, Svédsko).
Tab. 1 obsahuje tyto Udaje pro filtrované pivo.

V hotovém pivu byla stanovena aktivita invertasy jako v prvni sérii
pokusll za pouziti soupravy BIO-LA-TEST, Glukosa god 250 (PLIVA
— Lachema Brno) podle navodu vyrobce.

2.3 Treti série pokusu — technologie CKT

Tato rozsahla série pokusl zahrnovala analyzu mladiny zakvasené
v Plzeriském Prazdroji kvasnicnym kmenem H (VUPS 7, pivo 1) nebo
W (VUPS 89, pivo 2) béhem lezeni v 11 CKT (pivo 1), 15 CKT (pivo
2), a filtrovaného piva v 42 pretla¢nych tancich. Udaje byly ziskavany
pro 3 druhy piva (12%, 13% a 10%). Invertasa byla opét stanovena
testem BIO-LA-TEST. Tento rozsahly soubor dat umoznil podrobné
statistické hodnoceni vysledku, které bylo provedeno Studentovym
t-testem, F-testem a stanovenim trendu (tab. 2).

3 VYSLEDKY

3.1 Vliv teploty na aktivitu invertasy a autolyzu kvasnic béhem
dokvasovani pfi klasickém procesu

Sledovani aktivity invertasy béhem lezeni pfi klasickém procesu
ukazalo, ze pfi teploté dokvasovani 1-4,5 °C se béhem procesu ak-
tivita invertasy vyrazné neméni, a je po celou dobu v rozmezi 3,4-3,5
ukat/l. Tato hodnota byla zjisténa i v pfetlaénych tancich obsahujicich
promichané pivo z nékolika lezackych tankd. Souc¢asné méreni vol-
ného aminodusiku (FAN), tedy obsahu aminokyselin, pfi nizkych tep-
lotédch ukazalo nevyrazny pocateéni pokles, po némz FAN setrval na
stabilni hladiné.

Podstatné zvySeni aktivity invertasy uvolfiované do piva (az na 5,4
ukat/l) bylo pozorovano, jestlize dokvasovani
probihalo za zvySené teploty, tj. 22—24 °C. P¥i
této teploté doSlo k podstatné vétSimu po-
klesu FAN az do 13. dne dokvasovani.Od 13.
dne az do konce sledovaného obdobi se hla-
dina FAN v pivu silné zvySovala (obr. 1), coz

lected into plastic barrels before wort pumping into cooler and im-
mediately transferred into a mini-brewery. It was then immediately co-
oled and pitched in three CCT with yeast pitched for the first (H1),
second (H2) and third (H3) time, either unwashed, washed by water
and decantation, or in the mini-brewery by repeated washing and de-
cantation. The parameters determined in the freshly pitched wort, du-
ring main fermentation, in beer before filtration and in finished beer
included original extract, alcohol content and concentration of free
a-amino nitrogen (FAN). FAN was determined on SAN PLUS Seg-
mented Flow Analyzer (SKALAR Analytical B.V., The Netherlands),
extract and alcohol on SCABA instrument (TECATOR, Sweden).
Tab. 1 contains the data measured in finished beer.

Invertase activity was measured as in series 1 by using the BIO-
LA-TEST, Glucosa god 250 (PLIVA — Lachema Brno) according to
the manufacturer’s instructions.

2.3 Third series of experiments — CCT technology

This extensive series of experiments involved invertase determi-
nation in beer brewed from wort pitched with yeast strain H (RIBM
collection no. 7, beer 1) or W (RIBM collection no. 89, beer 2) during
secondary fermentation in 11 CCT (beer 1) and 15 CCT (beer 2) and
in filtered beer in 42 bright beer tanks. The data were acquired for 3
beer types (12 %, 13 %, 10 %). Invertase was again determined as
above by the BIO-LA-TEST. The large body of data enabled us to
perform statistical analysis, which was done by the Student’s t-test,
F-test and trend determination (see Tab. 2).

3 RESULTS

3.1 Effect of temperature on invertase activity and yeast autoly-
sis during lagering in classical process
Determination of invertase activity during secondary fermentation
in the classical process showed that during secondary fermentation
at 1-4.5 °C invertase activity did not change appreciably and was
3.4-3.5 ukat/l throughout the experimental period. The same level

Tab. 2 Aktivita invertasy béhem hlavniho kvaSeni a dokvaSovani ve velkych souborech CKT
u 2 procesu a v pretlaénych tancich (PT) u 3 druh( piv / Invertase activity during main fer-
mentation and secondary fermentation in large sets of CCT in 2 processes and in bright beer
tanks (BBT) in three beer types

ukazovalo na pokracujici lyzi pivovarskych Typ procesu / Process type Pocet CKT/PT Invertasa (ukat/l)

kvasnic. / No. of min max. | pramér = SD/

3.2 Aktivita invertasy v hotovém pivu pfi - Lo (R Y

CKT procesu vzévislosti na éigténl'na'_ pivo 1-12%/ beer 1 11 3.48 4.26 3.87 + 0.28

_sadnich kvasnic a po€tu nasazeni pivo 2 — 13% / beer 2 15 2.56 4.43 3.53 + 0.49
Udaje v tab. 1, shrnujici vysledky stanoveni pivo 2 — 12% / beer 2 42 265 3.38 3.46 + 0.04

invertasy v hotovém nepasterovaném pivu, :

ukazuji, Ze prané kvasnice uvolriuji do piva 20 4= V0 DEEr b i =5 2 S - 057
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Tab. 3 Srovnani soubornych hodnot aktivity invertasy zjisténé u klasické

technologie a u CKT  was found in bright beer tanks containing

procesu provedené pomoci statistického programu QC-Expert od firmy TRILOBITE / Com-  blended beer from several storage tanks. A si-
parison of overall values of invertase activity found in classical technology and the CCT tech- multaneous measurement of FAN, i.e. the

nology — performed by the statistical software QC-Expert (TRILOBITE)

content of amino acids, at low temperatures
showed a mild initial drop after which FAN re-

Parametr / Parameter Invertasa / Invertase (ukat/l) mained fairly constant. .
Klasickv proces/ Classical process CKT/ CCT The level of invertase released into the
yP Ical p beer substantially increased (up to 5.4 ukat/l)
pramér / mean 3.48 3.81 at increased temperature (22—24 °C). Until
spodni mez / lower limit 3.45 3.49 day 13 of the lagering, the FAN dropped con-
horni mez / upper limit 3.50 413 siderably. qulnnlng on_day 13 until the en_d
of the experimental period, the FAN level in
Oep s caten LT 0.09 the beer markedly increased (Fig. 1), indica-
smérodatna odchylka / SD 0.04 0.31 ting a progressing lysis of the yeast cells.
normalita / normality ano / yes ano / yes

méné invertasy nez neprané. Mnozstvi uvolfiované invertasy se rov-
néz zvySuje s opakovanym nasazovanim kvasnic (o zhruba 10 % pfi
druhém nasazeni a zhruba 40 % pfi tfetim nasazeni). Aktivita inver-
tasy v hotovém pivu souhlasi u stejného druhu kvasnic, liSiciho se
pouze pranim vodou, s dosazenym prokvasenim stanovenym v su-
dovaném pivu. Pivo vyrobené s pouzitim ¢isténych kvasnic (s nizsi
aktivitou uvolfiované invertasy) bylo senzoricky hodnoceno vétsinou
pfiznivéji.

Stejné jako u klasického procesu je hladina invertasy v pivu bé-
hem dokvasovani v CKT po celou dobu dokvaSovani konstantni, aniz
by se zfetelné zvySovala. V technologickém rozsahu teplot 0-9 °C se
nemeéni a za¢ina se zvysovat pfi vyssich teplotach. Vzhledem k tomu,
Ze se soucasneé zvySuje i obsah FAN, jde zfejmé o lyzi bunék.

Bylo potvrzeno, ze urcita hladina invertasy se nachazi v hotovém
pivu, tj. v nepfitomnosti kvasinek, a je tedy uvolfiovana bunkami do
prostfedi. Enzym neni tedy za v8ech okolnosti vazan pevné na bu-
nécné struktury.

3.3 Aktivita invertasy béhem hlavniho kvasSeni, dokvaSovani
a v hotovém pivu v rozsahlém souboru CKT u 3 technolo-
gickych celkt

Tab. 2 a 3 ukazuji, ze pfi pouziti technologie CKT je hladina inver-
tasy ve filtrovaném pivu podobna jako u klasické technologie, vyka-
zuje v8ak vétsi variabilitu.

4 DISKUSE

NaSe vysledky ukazuji, Ze jak u klasické technologie, tak u tech-
nologie CKT je pfi teplotach kvaseni a dokvasovani 0-9 °C z peri-
plasmatického prostoru kvasni¢nych bunék do piva uvolfovano ur-
¢ité mnozstvi invertasy, aniz by byl tento pochod doprovazen
poskozenim nebo lyzi bunék. K uvolfiovani enzymu sou¢asné s lyzi
dochazi az pfi vysSich teplotach. Kromé optimalni teploty ma na hla-
dinu invertasy v pivu pozitivni U¢inek také prani kvasnic. Prané kvas-
nice uvolfiuji do piva méné invertasy nez neprané, coz naznacuje
lepsi stav bunécnych povrchovych struktur (bunééné stény) a ziejme
i lepsi celkovy fyziologicky stav bunék.

Pfes zna¢né odliSné rheologické poméry pfi fermentaci, hydrosta-
ticky tlak kvasného prostfedi a dal$i faktory je hladina invertasy v pivu

3.2 Invertase activity in finished beer in
the CCT process as dependent on pit-
ching yeast washing and number of
pitchings

The data in Tab. 1, which summarize the results of invertase de-
termination in finished unpasteurized beer, show that washed yeast
releases into the beer less invertase than unwashed one. The amount
of liberated invertase increases with repeated pitching, the increase
being about 10 % after 2nd pitching and some 40 % after 3rd pit-
ching. In the same yeast strain differing only in washing, invertase
activity in finished beer agrees with the attained wort attenuation de-
termined in cask beer. Beer produced with the use of washed yeast,
i.e. with a lower invertase level, has a more suitable sensoric cha-
racter.

Like in the classical process, the invertase activity during secon-
dary fermentation is constant throughout without any conspicuous
rise. It does not change within the technological temperature range
of 0—9 °C and increases only at higher temperatures. The simulta-
neous rise in FAN indicates cell lysis.

The tests confirmed the presence of invertase in finished beer in
the absence of yeast. The enzyme is thus not always firmly bound to
cell structures.

3.3 Invertase activity during main fermentation, secondary fer-
mentation and in finished beer in an extensive CCT set in 3
technological modes

Tab. 2 and 3 again show that invertase activity in filtered beer pro-
duced by CCT technology is nearly the same as in beer produced by
the classical technology but it exhibits higher variability.

4 DISCUSSION

Our results show that, with both the classical brewing process and
with the CCT technology, when the beer fermentation and secondary
fermentation is carried out at temperatures of 0—9 °C, a certain
amount of invertase is released from the periplasmic space of yeast
cells while the cells are not concomitantly damaged or lysed. The re-
lease of the enzyme from lysed cells takes place only at higher tem-
peratures. In addition to optimum temperature, the invertase level in
beer is also positively affected by yeast washing. Washed yeast re-
leases into the beer less invertase than unwashed one, which indi-
cates a better condition of the cell surface structures (cell wall) and
apparently also a better overall physiological state of the cells.
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podobna pfi pouziti klasické technologie i technologie CKT; v druhém
pfipadé vSak hladina enzymu vykazuje vétsi variabilitu. Tu Ize pfipsat
tomu, Ze klasicka technologie (kvaseni v otevienych kadich o objemu
30-150 hl, dokvasovani v dfevénych sudech a ocelovych lezackych
tancich o objemu 40-200 hl) zahrnuje rozséhlé a opakované michani
jednotlivych partii vyrobeného piva, tedy jeho dikladnou homogeni-
zaci, zatimco pfi kvaseni ve zcela uzavienych cylindrokoénickych tan-
cich o objemu 2000—-3300 hl, tedy v podstatné vétsich partiich piva,
je michani/homogenizace v pretlacnych tancich podstatné méné in-
tenzivni.

Pokud pouzijeme hladinu invertasy v pivu jako indikator stavu kvas-
nic béhem fermentace a dokvaSovani, Ize nicméné konstatovat, ze
rozdily mezi klasickou a CKT vyrobou nejsou vyznamné, a prostredi
v cylindrokénickych tancich je pro normalni ¢innost kvasinek v pod-
staté stejné priznivé, jako pfi klasické vyrobé.

5 ZAVER

Mezi faktory, které vyznamné ovliviuji aktivitu invertasy béhem do-
kvaSovani a v hotovém pivu, patfi pfedevsim teplota. Pfi teplotach
nad 9 °C se hladina enzymu v pivu zvySuje, patrné vlivem lyze kvas-
nic. Aktivita invertasy je také vySSi v pivu zakvaSeném nepranymi
kvasnicemi a kvasnicemi po druhém a tfetim nasazeni. Pivo vyro-
bené klasickym zplisobem a technologii CKT vykazuje obdobnou ak-
tivitu invertasy, pfi¢emz variabilita hladin tohoto enzymu je podstatné
vy§Si u CKT technologie. To je pfi¢itdno méné intenzivni homogeni-
zaci jednotlivych partii piva. Pokud se hladina invertasy bere jako in-
dikator stupné bunécné lyze, tedy jako ukazatel fyziologického stavu
kvasnic, Ize fici, ze rozdily mezi klasickou a CKT vyrobou nejsou vy-
znamné, a prostredi v cylindrokénickych tancich je pro normalni ¢in-
nost kvasinek v podstaté stejné pfiznivé, jako pfi klasické vyrobé.

Préce byla FeSena v ramci Vyzkumného dkolu VU - 8: ,,Zjis-
tovani vlivu fyziologického stavu kvasnic na tvorbu zakali
vpivu“a Vyzkumného centra 1M0570 Ministerstva Skolstvi, mla-
deze a télovychovy CR , Obsahové litky jeémene a chmele*,
a byla podporovdana Vyzkumnymi zaméry AV0Z250200510
a MSM6019369701.
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5 CONCLUSION

Temperature is the major factor that significantly affects the acti-
vity of invertase during secondary fermentation and in finished beer.
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parently due to yeast cell lysis. The level of invertase is also higher
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the differences between the classical and the CCT technology can
be seen to be insignificant and the milieu in cylindric-conical tanks is
in principle equally suitable for the normal activity of the yeast as that
during the classical process.
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