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Savel, J. — Kosin, P. - Broz, A.: Gushing vyvolany zakaly piva. Kvasny Prum. 62, 2016, &. 4, s. 128—134

Pro predpovéd nachylnosti piva ke gushingu Ize vyuzit méfeni narastu tlaku v hrdlovém prostoru po odpusténi tlaku z lahve a jejim
opétovnym uzavifenim. Vyznamnym parametrem je po¢atecni hodnota nardstu (kPa/min), nebo hodnota tlaku po 1 min od opétovného
uzavreni lahve tzv. PG,. Pivo s hodnotou PG, > 50 kPa se povaZuje za nachylné k prepénovani, pivo s hodnotou nad 120 kPa silné
vystfikuje, nebo pretéka z Iahve. Piva dlouhodobé skladovana v klidu i temnu pfi 20 °C nevykazovala gushing ani po 11 mésicich sklado-
vani, ale vyskyt gushingu se zvysSoval s dobou tfepani a skladovani piva. Pfidavkem zakalotvornych latek napf. roztoku taninu a zelatiny
k sycené vodé nebo pivu se podafrilo trepanim vyvolat prepénovani. Proto pfedpokladame, Ze gushing mlze vznikat i ze sloucenin,
pfirozené se vyskytujicich pivu, jako jsou bilkoviny i tfisloviny.

Savel, J. — Kosin, P. - Broz, A.: Gushing induced by colloidal haze. Kvasny Prum. 62, 2016, No. 4, pp. 128-134

The tendency to beer gushing can be determined by measuring the pressure growth in the head space after piercing the bottle crown
and closing this puncture again. The important parameter is the initial value of the rate of pressure growth (kPa/min), or a pressure value
reached after 1 min after crown puncture resealing which is called PG,. Beer value PG, > 50 kPa is considered to be typical for starting
gushing while value above 120 kPa is associated with strong ejection or overflowing beer from the bottle. Gushing could be also induced
in beers which showed no gushing even after long periods of storage (up to 11 months) at rest after their subsequent shaking. Increasing
storage and shaking time increased the probability of overfoaming. Haze forming substance such as tannin, gelatine and their combina-
tion managed to induce gushing that was supported by shaking. Therefore, we assume that gushing may also arise from compounds,
naturally occurring in beer, such as proteins and polyphenols.

Savel, J. — Kosin, P. — Broz, A.: Durch Triibbung des Bieres hervorgerufener Gushing. Kvasny Prum. 62, 2016, Nr. 4, S. 128-134
Fur die Vorhersage der Neigung des Bieres zum Gushing kann das Messen vom Druckanstieg im Halsraum der Flasche nach Off-
nung und wieder ZuschlieBen angewandt werden. Als einen bedeutenden Parameter gibt"s den Anfangsdruckanstiegwert (kPa/min)
oder Druckwert nach einer Minute nach dem WiederschlieBen der Flasche, sog. PG,. Das Bier mit dem Wert PG, > 50 kPa wird als
ein zum Gushing neigendes Bier betrachtet, ein Bier mit dem Wert Gber 120 kPa stark spritzt aus oder flieBt aus der Flasche aus. Ein
langzeitgelagertes Bier im Dunkle und Ruhe bei der Temperatur 20°C wies keinen Gushing auch 11 Monaten der Lagerung auf, aber
ein Gushingsauftreten beim anderen Bier stieg mit der Schitteln- und Lagerzeit. Jedoch Auftreten von Gushing stieg beim anderen Bier
mit der Schitteln- und Lagerzeit. Durch eine Zugabe von Triibungsbildenden Stoffen, z.B. Lésung von Gerbstoffen und Gelatine unter
Anwendung von Schiitteln zum karbonisierten Wasser konnte ein Gushing hervorgerufen werden. Deswegen konnte es vorausgesetzt

werden, dass Gushing aus den im Bier natirlich vorhandenen Verbindungen seinen Ursprung nehmen kann.

Kli€ova slova: gushing, tlakovy ndrist, hrdlovy prostor, trepani,
iniciace gushingu, tfisloviny, bilkoviny, mikrobubliny

1 UvVoD

Posledni stav vyzkumu gushingu shrnuje spole¢ny projekt orga-
nizaci EBC a Euromalt. Pfedpovéd gushingu z vyskytu plisni je jen
orientaéni, pfesto Ize v pivech s gushingem prokézat hydrofobiny.
Neprokazala se presvédciva korelace mezi obsahem hydrofobinG
a gushingem. Neni pravdépodobné, Ze hydrofobiny jsou jedinou pfi-
¢inou gushingu. Modifikovany Carlsbergsky test je spolehlivou meto-
dou pro pfedpovéd gushingu. Nadéjnou metodou pro nalezeni zmén
spojenych s gushingem pfi vyrobé sladu a piva jsou MALDI-TOF MS
(Matrix Assisted Laser Desorption/lonization Time of Flight, Mass
Spectrometry) ve spojeni se statistickymi metodami (Rath, 2015).

Za primarni gushing se oznacuje samovolné vypénéni piva zplso-
bené sladem, vétSinou napadenym plisni. Intenzitu gushingu pozi-
tivné nebo negativné ovliviuji pfirozené slozky piva, jako jsou horké
latky, tfisloviny, bilkoviny i lipidy (Casey, 1996; Pelaud, 2002; Postul-
kova a VitouSova, 2013).

O chemicky, nebo fyzikalni mechanismus nahlého uvolnéni oxidu
uhli¢itého se dosud vedou spory. V kazdém pfipadé intenzita vypé-
néni vzristd s koncentraci oxidu uhli¢itého v napoji. Vétsinou jako
pozitivni faktory se uplatiuji dalSi rozpusténé plyny, jako jsou kyslik,
dusik, nebo jeho smési (Pellaud, 2002).

Sladafi i pivovarnici se snazi pfedpoveédét nachylnost piva k pre-
pénovani nejen u hotového vyrobku, ale také u meziproduktl vyroby,
popf. surovin. Podobna situace nastava i u jinych sycenych napojl
(Christian a Titze, 2010).

Keywords: gushing, pressure growth, headspace, overflowed
volume, gushing induction, tannins, proteins, microbubbles

1 INTRODUCTION

The latest state of gushing research is summarized in the com-
mon project of EBC and Euromalt. Gushing prediction based on the
mould grains occurrence is only approximate, but fungal products
called hydrophobins can be proved in gushing beers. Convincing
correlation between the content of hydrophobins and beer gush-
ing has still not been proved. It seems unlikely that hydrophobins
are the only cause of gushing. Modified Carlsberg test is a reliable
method for the prediction of gushing. A promising method for finding
changes associated with gushing in malt and beer is MALDI-TOF
MS (Matrix Assisted Laser Desorption / lonization Time of Flight,
Mass Spectrometry) in combination with statistical methods (Rath,
2015).

So called primary gushing is spontaneous beer overfoaming usu-
ally related to mould malt. The intensity of gushing is positively or
negatively affected by the natural ingredients of beer, such as bitter
substances, tannins, proteins and lipids (Casey, 1996; Pelaud, 2002;
Postulkova and Vitousova, 2013).

The chemical or physical mechanisms of sudden release of car-
bon dioxide after bottle opening are still discussed. In any case, the
foaming intensity increases with the concentration of carbon dioxide
in the beverage. Among main positive factors of this process belongs
the presence of other dissolved gases such as oxygen, nitrogen, or
their mixtures (Pellaud, 2002).

Malsters and brewers try to predict the tendency to gushing not
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Hotové pivo malokdy vykazuje gushing hned po stogeni a k jeho
vyvolani je nutné na vzorky stoc¢eného piva plsobit kombinaci po-
hybu napoje v transportnim obalu a jeho ponechani v klidu pred
otevienim. Pro simulaci pohybu se pouzivaji horizontalni tfepacky
i vertikalni obracecky. Napf. v plvodnim Weihenstephanském testu
se pouzivala vertikalni tfepacka, v jeho modifikaci horizontalni obra-
cecka (Christian a llberg, 2009a).

MéFeni mnozstvi napoje vyteklého z obalu je snadné, ale neu-
moznuje dostate¢né rychlou predpovéd jesté pred transportem piva
k zakaznikovi. Gushing se muUze projevit az po delsi dobé skladovani
u zakaznika a ve shodé s tim je k jeho umélému vyvolani dostatec-
né dlouha kombinace pohybové a klidové faze (Casey, 1996; Savel
a Kosin, 2014b).

Dosud se za nejcastéjSi pfiinu gushingu povazuje pfitomnost
specifickych bilkovin zejména hydrofobind, pochéazejicich z plisni
(Sarlin a Vilpola, 2007; Deckers et al., 2012; Shokribousjein a Dec-
kers, 2011; Khalesi a Mandelings, 2014). Proto se predpovédni
metody zaméfuji na stanoveni pfitomnosti téchto bilkovin, ale situ-
aci komplikuje skute¢nost, ze gushing zpUsobuiji jen nékteré z hyd-
rofobini (Riveros a Shokribousjein, 2015). Pfedpoklada se tvorba
nano- i mikrobublinek na molekulach téchto latek a jejich exploze po
nahlém snizeni tlaku po otevfeni lahve (Deckers a Gebruers, 2010;
Deckers a Venken, 2012; Deckers a Vissers, 2013).

Za sekundarni gushing se povazuji vSechny zbyvajici pfic¢iny, za-
hrnujici vnitfni povrch oball, vylouc¢ené tfislobilkovinné kaly nebo
pfitomnost anorganickych latek jako jsou Céstice kiemeliny nebo
oxalat vapenaty (Zepf a Geiger, 2001).

Predpoklada se tvorba i nahlé uvolnéni nano- i mikrobublinek
plyni vazanych na pevném povrchu vétSich ¢astic. Jejich rozméry
a elektricky naboj Ize méfit optickymi a elektrickymi metodami pro
Siroké spektrum ¢astic (llberg a Titze, 2009; Deckers a Lorgouilloux,
2011; Deckers et al., 2012). Nachylnost ke gushingu se také mize
rychle méfit podle tvorby pény piva nebo modelovych roztokd po
nahlé zméné tlaku (Novak a Postulkova, 2015). Jinou moznosti je
méfeni tlakovych zmén v hrdlovém prostoru lahvi, po jejich otevieni
a opétovném rychlém uzavrieni (Savel a Kosin, 2015).

Pfedpovéd gushingu ze surovin se opird o prevedeni latek, zpu-
sobujicich gushing ze sladu do roztoku, ktery se karbonizuje, nebo
pfida k sycenému napoji, Casto sodové vodé. Zakladnimi predstavi-
teli téchto postupl jsou tzv. Carlsbergsky a Weihenstephansky test
(Christian aTitze, 2011a;b). Pfes nadéjné vysledky neni Zadna z me-
tod pfedpovédi gushingu zcela spolehliva (Rath, 2015).

Tyto testy vétSinou neidentifikuji latky vyvolavajici gushing, ale
pokouseji se rozeznat nachylnost suroviny, nebo jejiho zpracovani
k pfepénéni hotového napoje. Takovy postup Ize napf. vyuzit k tes-
tovani vlivGi rmutovaciho procesu jak v laboratofi, tak u vzorkd ode-
branych v pribéhu vyroby (Christian and lIberg, 2009a).

Projevy gushingu mohou také vyvolavat, posilovat nebo zeslabo-
vat jiné slou¢eniny pfitomné v surovinach i pivu (Miller a Schmidt,
2010; Christian a Titze, 2011; Aydin a llberg, 2013).

Pevné &astice, vyvolavajici gushing, mohou tuto schopnost za-
chovavat nebo ztracet po jejich smaceni vodou, zatimco makromo-
lekuly a vetsi ¢astice nékterych latek, napf. bramborového Skrobu,
gushing nevyvolavaji (Savel a KoSin, 2014a).

V nasi laboratofi se nam nikdy nepodafilo pomalou, nebo rychlou
tvorbou srazenin oxalatd vapniku pfimo v pivu vyvolat gushing, a to
ani v klidu, ani za pohybu (nepublikované vysledky). Gushing mohou
naopak vyvolavat i roztoky povrchové aktivnich tenzidd po jejich pfi-
davku k pivu bez tfepani (Christian a llberg, 2009b).

Vznik gushingu se nékdy spojuje s tvorbou koloidnich zakald
a stabilizovana piva maji mensi nachylnost ke gushingu. Kromé bil-
kovin se na tvorbé zakalud i vzniku gushingu mohou uplatnit i polyfe-
noly (Aron a Shellhemmer, 2010). Polyfenoly a bilkoviny se rozliSuji
podle schopnosti tvofit zakaly, Ize vSak pfedpokladat tvorbu aglome-
ratt obou slozek jesté pred vznikem viditelnych zékall (Li a Siebert,
2008, Gabriel, 2009).

Také pro studium koloidnich zakalll Ize vyuzit optické a fyzikal-
ni metody (Titze a Christian, 2010). Cilem tohoto ¢lanku je studium
tvorby &astic, vyvolavajicich gushing béhem skladovani piva.

2 MATERIAL A METODY

2.1 Pivo

12% svétly pasterovany lezak v 0,5 | lahvich, skladovany po dobu
12 mésicl v temnu a klidu pfi 20 °C. U téchto vzorku se za podminek
skladovani nevyskytl gushing po otevfeni lahve a zakal piva nepfe-
krocil hodnotu 0,5 j. EBC.

only from the finished beer but also from the attributes of raw ma-
terials or intermediates during production. A similar situation occurs
even for other carbonated beverages (Christian and Titze, 2010).

The bottled beer rarely exhibits gushing after bottling and it is nec-
essary to act on it by a combination of motion and leaving at rest be-
fore the bottle opening. The motion can be simulated using shakers
with horizontal or vertical operation. In the original Weihenstephan
test the vertical rotator was used, which was in the following test
modification replaced by a shaker with horizontal movement (Chris-
tian and llberg, 2009a).

The volume or weight of the overflowed beer can be easily meas-
ured but it does not allow a sufficiently rapid prediction before the
beer is transferred to a customer. Gushing may become apparent af-
ter a long period of transport and storage and in accordance with that
sufficient combination of shaking and resting phase must be used for
the prediction (Casey, 1996; Savel and Kosin, 2014b).

The presence of specific proteins called hydrophobins originating
from fungi is considered to be the most common cause of gushing
(Sarlin and Vilpola 2007; Shokribousjein and Deckers, 2011; Deck-
ers et al., 2012; Khalesi and Mandelings, 2014). Therefore, the pre-
diction methods focus on the determination of these proteins, but
the situation is complicated by the fact that just some of the hydro-
phobins can cause gushing (Riveros and Shokribousjein, 2015). It is
supposed that once the nano- and micro-bubbles of CO, are formed
on hydrophobin molecules, the bubbles explode after a sudden re-
duction of pressure accompanying theopening of the bottle (Deckers
and Gebruers 2010; Deckers and Venken, 2012; Deckers and Vis-
sers, 2013).

Secondary gushing comprises remaining causes, including scuffed
inner surface of packages, protein / polyphenol precipitants or the
presence of inorganic substances such as diatomaceous earth or
calcium oxalate particles (Zepf and Geiger, 2001).

The formation and the sudden release of nano- and gas microbub-
bles bound to a solid surface of the larger particles are also sup-
posed. Their size and electrical charge can be measured by optical
and electrical methods for a wide range of particles (llberg and Titze,
2009; Deckers and Lorgouilloux 2011; Deckers et al., 2012).

Tendency to gushing can also be quickly measured by foam for-
mation on the surface of beer or a model solution after a sudden
change of pressure (Novak and Postulkové, 2015). Another possibil-
ity is to measure a pressure changes in the head space of the bottle
after its piercing and re-closing (Savel and KoSin, 2015).

Prediction of gushing usually includes extraction of substances
causing gushing from malt and their addition to a solution that is later
carbonized, or their addition to a carbonated beverages or water.
Carlsberg and Weihenstephan test are commonly used (Christian
aTitze, 2011a; b). Despite the promising results, none of the meth-
ods gives completely reliable predictions (Rath, 2015).

These tests usually do not identify the substance causing gushing,
but try to recognize the tendency of raw materials or the production
process to cause gushing. Such a procedure can e.g. be used for
testing of the effects of the mashing process using samples taken
during manufacture or laboratory mashing (Christian and llberg,
2009a).

Gushing can also be induced or inhibited by other compounds
present in the raw materials and beer (Miller and Schmidt, 2010;
Christian and Titze, 2011; Aydin and llberg, 2013). Although some
dry solid particles can cause intensive gushing this activity can be
lost after their wetting with water, while other particles and macro-
molecules of certain substances like potato starch, do not induce
gushing (Savel and KoSin, 2014a).

For example in our laboratory, we have never been able to induce
gushing by slow or rapid precipitation of calcium oxalate directly in
beer neither during rest or motion (unpublished results). Gushing can
conversely be induced by surfactant addition to carbonated water
without shaking (Christian and llberg, 2009b).

Gushing is sometimes associated with the formation of colloidal
haze and stabilized beer is more resistant to gushing. Next to pro-
teins, polyphenols may also play important role both in haze forma-
tion and gushing (Aron and Shellhemmer, 2010). Polyphenols and
proteins can be distinguished according to their ability to form ag-
glomerates of both components prior to the creation of visible haze
(Li and Siebert, 2008, Gabriel, 2009).

For the examination of such particles the optical and physical
methods can be used (Titze and Christian, 2010). This article focus-
es on the formation of the colloidal particles causing gushing during
beer storage.
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2.2 Pryzové zatky pro iniciaci iniku CO, ze syceného napoje
PryZové zatky (kat. Cislo 2201.1014) s hornim prdmérem 14,5 mm,
dolnim primérem 10,5 mm, vy$kou 20 mm a hmotnosti 3,6 g (Fischer
Scientific, CR). Pefiznutim zétky pficnym fezem v poloviné vysky se
ziskaly mensi ¢asti pro vyvolani gushingu (Savel a Kosin, 2014a).

2.3 Chemikalie
Tanin (Tannic acid powder pure, Merck, Némecko), zelatina (Ge-
latine from porcine skin, Fluka, USA).

2.4 Pristroje

Syti¢ napojua (0—10 g/l CO,) a elektronlcky meéfi¢ tlaku a obsahu
CO, s intervalem 1 az 30 s mezi zaznamy (1 CUBE, CR), dvouuhlovy
zakalomér MZN 2009 (Gabriel, 2009).

Laboratorni tfepacka (Kuhner, Némecko) pro tfepani horizontalné
uloZenych lahvi s vykyvem 50 mm a frekvenci 100 min-' pfi 20 °C.

2.5 Postupy

Trepani piva

Lahve se sycenym napojem se tfepaly po stanovenou dobu na
horizontalni tfepacce s pfimo¢arym pohybem s vykyvem 50 mm
a frekvenci 100 min™* pfi 20 °C a po stanovené dobé klidu se zméfila
hodnota tlakového narlstu. Podminky tfepani se oznaduji jako tre-
paci doba / doba odpoc¢inku.

Stanoveni preteklého objemu (OV)
Lahve s pivem se rychle otevrely otvirakem a po ukoné¢eném pre-
te€eni piva se zaznamenal pfetekly objem.

Stanoveni tlakového naristu CO, v hrdle lahve

Korunka lahve se propichla, odpustil pfetlak a po novém uzavre-
ni lahve se méfil tlakovy nardst digitalnim tlakomérem (vzorkovaci
frekvence 1 s). Odpousténi tlaku se mlze podle potfeby opakovat.
Hodnota tlaku se vyjadfuje v jednotkach kPa jako pretlak proti atmo-
sférickému tlaku.

Uvedené hodnoty jsou priimérem ze dvou soubéznych stanoveni.

3 VYSLEDKY A DISKUSE

3.1 Tvar a parametry kfivky tlakového nartistu

Kfivka narGstu tlaku muze dosdhnout konstantni rovnovazné
nebo pseudorovnovazné hodnoty, popf. plynule rlist po del$i dobu.
Intenzita gushingu souvisi s po¢atecni rychlosti tlakového naristu.
Tvar kfivek Ize popsat parametry kinetickych rovnic (Savel a Kosin,
2015). Zakladnim parametrem je pocate¢ni hodnota rastu tlaku po
propichnuti korunky a nasledném odpusténi a opétovném uzavieni
lahve. K popisu tlakovych zmén se obvykle udava hodnota tlaku po
propichnuti (PG,), u tfepanych vzorkl se hodnota PG, rovna rov-
novazné hodnoté tlaku (PE), odpovidajici rozpustnosti CO, (obr. 1).
Kfivka na obrazku znazorfiuje méfeni tfi rGznych lahvi, vzdy s trojim
odpusténim tlaku.
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2 MATERIAL AND METHODS

2.1 Beer

Pasteurized pale lager (O.G. 12%) in 0.5 | bottles was stored for
12 months at 20 °C in the dark and at rest. No gushing occurred after
opening the bottles and beer haze did not exceed 0.5 j EBC at the
end of storage.

2.2 Rubber stoppers for initiation of CO, release from
carbonated drinks
Rubber stopper (Fischer Scientific, cat. No. 2201.1014) with an
upper diameter 14.5 mm, bottom diameter 10.5 mm, height 20 mm
and weight 3.6 g (Fisher Scientific, CR). The stopper was cut across
at mid-height to obtain smaller pieces for gushing induction (Savel
and Kosin, 2014).

2.3 Chemicals
Tannin (tannic acid powder pure, Merck, Germany), gelatine (gela-
tine from porcine skin, Fluka, USA).

2.4 Instruments

Beverage carbonator (0-10 g/l CO,) and electronic pressure gauge
with 1-30 seconds interval between entries (1 CUBE, Czech Repub-
lic), two angle turbidimeter MZN 2009 (Gabriel, 2009), laboratory
shaker (Kuhner, Germany) for horizontally loaded bottles in beer
crates with 50 mm amplitude and a frequency of 100 min at 20 °C.

2.5 Procedures

Bottled beer shaking

Bottles with carbonated beverage was shaken for a specified time
using horizontal shaker (100 min-') and after a specified rest time the
value of the pressure growth was measured. The shaking conditions
are given as shaking time/rest period.

Determination of the overflowing volume (OV)
Beer bottle was quickly opened with beer opener and overflowed
volume recorded after overflowing stopped.

Determination of the CO, pressure growth in the bottle
headspace

After piercing the crown cap of the bottle and recording the head-
space pressure was the CO, pressure quickly released and the crown
puncture was closed immediately and headspace pressure growth
measured was with sampling frequency 1 s. Pressure release could
be repeated as needed. The pressure growth (PG) is expressed in
kPa as a gauge pressure against the atmospheric pressure.

The results are the average for two parallel determinations.

3 RESULTS AND DISCUSSION

3.1 The shape and parameters of pressure growth curve

The pressure value may reach equilibrium or pseudo equilibrium
value immediately or continuously grow for a longer period after the
bottle is reclosed . The intensity of gushing is related to the initial rate
of pressure growth. The shape of the curves can be described by the
parameters of kinetic equations (Savel and Kosin, 2015).

The basic parameter is the initial rate of growth pressure after
crown piercing, pressure releasing and its subsequent sealing. Pres-
sure value after piercing (PG,) reaches the equilibrium pressure
value (PE) in the case of well shaken samples where PG, is given by
the solubility of CO, (Fig.1).

Pressure curve in figure 1 is compiled of three measurements for
three different bottles. The first curve responds to a bottle which had

Obr. 1 THi kfivky tlakového narlistu PG po propichnuti a trojim opé-
tovném otevieni a uzavieni korunky lahve s pivem. Zleva: vzorek
1 (0—4 min, PG, = 75 kPa), vzorek 2 (4—8 min, PG, = 28 kPa),
vzorek 3 (8—-12 min, PG, = 102 kPa), opakovanym odpousténim
hodnoty PG, klesaji. Primérny obsah CO, 5,1 g/l (PG, = PE =

242 az 245 kPa) / Fig. 1 Three curves of pressure growth PG, after
piercing and three subsequent pressure releasing for each curve.
From left: sample 1 (0-4 min, PG, = 75 kPa, sample 2 (4-8 min,
PG, = 28 kPa), sample 3 (8 to 12 min, PG, = 102 kPa). CO, aver-
age content of beers was 5.1 g/ 1 (PG, = PE = 242 and 245 kPa)
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Prvni kfivce odpovida synchronizované uvolnéni velkého poctu
bublinek a typicky gushing, druhé kfivce pivo bez samovolného pé-
néni a treti kfivce pomalé vytékani piva z lahve. Orientaénim ukaza-
telem je hodnota tlakového naristu ve zvoleném ¢asovém intervalu,
obvykle 1 min, tzv. PG,. Podle pfedchozich vysledkl pfetékani piva
z lahve odpovida hodnota PG, > 50 kPa.

3.2 Vztah mezi rychlosti uniku CO,
a mnozstvim preteklého napoje
Lahve s napojem s obsahem CO, 5g/l a vlozenou rdzné velkou
pryzovou zatkou se kratce protfepaly, ponechaly 1 d pfi 20 °C, a poté
se stanovila hodnota PG, a mnozstvi preteklého napoje (OV) (tab. 1).
PFi stejném nasyceni varni vody i piva mélo pouze pivo schopnost
pfepénit, coz souvisi s pomalejSim pohybem mikrobublin stoupaji-
cich pivem, a tim del§im pfenosem rozpusténého oxidu uhli¢itého do
mikrobublin difazi. Kromé toho pénotvorné latky piva usnadniuji tvor-
bu pény, ktera je snaze vynasena z ldhve. Podle ocekavani zavisela
intenzita pfeménéni piva s rychlosti tlakového narastu.

3.3 Vliv doby skladovani piva v lahvi
na rychlost tniku CO, z piva

Sto€ené pasterované pivo v lahvich se skladovalo po dobu 1 roku
pfi 20 °C v klidu a temnu. Nahodné vybrané lahve s r(iznou dobou
skladovani se tfepaly 14 dni pro indukci gushingu a po 1 h odpo¢inku
se méfila nachylnost piva ke gushingu stanovenim hodnot tlakového
nardstu PE a PG, (obr. 2).

Pivo, které ani po dlouhé dobé skladovani v klidu, nevykazovalo
ani rychly narast tlaku ani prepénéni, mohlo tuto schopnost ziskat
delSim tfepanim. S dobou skladovani piva v klidu vzriistala nachyl-
nost piva k prepénovani. Pfi¢inou mlze byt tvorba ¢astic koloidniho
zakalu, zména jejich struktury nebo elektrického naboje, usnadruji-
cich tvorbu mikrobublin.

3.4 Vliv doby tfepani piva v lahvi na rychlost tniku CO, z piva

Sto€ené pasterované pivo v lahvich se skladovalo po dobu 1 roku
pfi 20 °C v klidu a temnu. Nahodné vybrané lahve skladované ales-
pori 10 mésicl se tfepaly po riznou dobu pro indukci gushingu a po
1 h odpocinku se méfily hodnoty PE a PG, (obr. 3).

K tlakovému narGstu piva, odpovidajicimu vzniku gushingu, byla
nutna dostate¢né dlouha doba tfepani lahvi, v tomto pfipadé ales-
pon 9 dni. Nachylnost ke gushingu Ize tedy zjistit méfenim tlakového
nardstu v lahvi.

3.5 Indukce gushingu pfidavkem Zelatiny
a taninu k pivu a sycené vodé

0,5 | varni vody (5 °C) s pfidavkem roztoku taninu, zelatiny, nebo
jejich smési se po nasyceni CO, (5g/l) uzaviely korunkou. Stejné
roztoky se davkovaly do 0,5 | studeného piva (5 °C) a zpracovaly
stejnym zplisobem. Po uzavfeni korunkou se lahve trepaly po rlizné
kombinace doby tfepani a odpocinku v klidu. Po propichnuti korunek
lahvi se stanovily rychlosti Uniku oxidu uhli¢itého podle hodnot PG,
(obr. 4a, b). Po dekarbonizaci téchto vzork( tfepanim se stanovily
zéakaly v Uhlu 12° (H12) a 90° (H90) (tab. 2a,b).

V sycené vodé nemél pfidavek taninu ani Zelatiny vliv na tlakovy
nardst v hrdlovém prostoru. Jejich spole¢ny pfidavek zvysSoval na-
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Obr. 2 Vliv doby skladovani piva na indukci gushingu 14 dennim
tfepanim nasledovanym 1 h odpocinku /

Fig. 2 Effect of beer storage time on the induction of gushing after
14-day shaking followed by 1 h rest

Tab. 1 Tlakovy narlist PG, a pretekly objem (OV) indukovany pry-
zovou zatkou ve varni vodé a pivu sycenych CO, (5,1 g/l) pfi 23 °C
/ Table 1 Pressure growth PG, and overflowed volume (OV) induced
by rubber stopper immersed in beer, carbonated brewing water with
CO, content (5.1 g/L) at23 °C

. Sycena pivovarska

Hmptnos; zatky/ | yoda / Carbonated Pivo / Beer
gﬁ'gh;rcz ;he brewing water

e PG, (kPa)| OV (ml) | PG, (kPa)| OV (mi)
dolni ¢ast / lower
part. 1.5 120 0 130 55
horni ¢ast / upper
part. 2.1 130 0 150 90
cela zatka / whole
stopper. 3.6 150 0 180 110

a synchronized release of a large number of bubbles and typical
gushing, the second curve (bottle) is typical of non gushing beer and
the third curve responds a bottle showing slow rise of foam in the bot-
tle neck. The gushing indicator is the pressure value after selected
time interval after reclosing of the bottle, usually 1 minute which is
called (PG,). According to previous results overflowing occurs at the
value of PG,> 50 kPa.

3.2 The relationship between pressure growth
and overflowed volume

Bottles of beverage containing 5 g CO,/I with inserted rubber stop-
pers of various weight were briefly shaken and than left at rest for 1 d
at 20 °C. After this procedure the PG, value and overflowed volume
(OV) were determined (Table 1).

At the same saturation of brewing water and beer only beer was
able to overflow, which is associated with a slower movement of mi-
crobubbles in beer, and thus prolonged diffusion of dissolved car-
bon dioxide into them. Moreover beer foaming agents facilitate the
formation of foam, which is more easily carried out of the bottle. As
expected, overflowed volume increased with pressure growth.

3.3 The effect of storage time of bottled beer
on the pressure growth

Bottles with pasteurized beer were stored for 1 year at 20 °C in the
dark and at rest.

Randomly taken bottles with different storage time were shaken
for 14 days to induce gushing. After 1 hour rest the tendency to gush-
ing was measured by PE and PG, determination (Fig. 2).

Beer, which after long periods of storage showed neither rapid
pressure growth nor overfoaming, could obtain this ability by shak-
ing. The tendency to gushing increased with previous time of beer
storage at rest. This effect can be associated with the formation of
colloidal haze particles, change of their structure or electrical charge
which could facilitate the formation of microbubbles.”

250 { —

200
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150
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doba tfepani (dny) / Shaking time (days)

Obr. 3 Vliv doby tfepani, nasledovanym 1 h odpoc€inku, na induk-
ci gushingu u piva skladovaného po 11 mésicu podle tlakového
narustu PG, / Fig. 3 The effect of shaking time, followed by 1 h rest
on the induction of gushing in beer stored 11 months according to
pressure growth value PG,
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Obr. 4a Indukce gushingu v roztocich roztokd taninu (TA 0,5 %,

2,5 ml/0,5 ), Zelatiny (GE 0,5 %, 2,5 ml/0,5 |) a jejich smési (TA +
GE) v 0,5 | varni vody pro rizné kombinace dob tfepani/odpocinku /
Fig. 4a Induction of gushing by tannin (TA 0.5% w/w, 2.5 ml/0.5 ),
gelatine (GE 0.5% w/w, 2.5 ml/0.5 |) solutions and their mixture

(TA + GE ) added to saturated brewing water (59 CO,/l) treated by
various combinations of shaking/rest times

rist tlaku v zavislosti na dobé tfepani, pfitom zékal ve vodé vznikal
jiz po pfidavku obou slozek bez tfepani. Zvyseni tlakového narlistu
souvisi s tfepanim jiz vylou¢eného zéakalu.

Pridavek taninu k pivu zvySoval narGst tlaku v hrdlovém prostoru
soucasné se vznikem zakalu. Také v tomto pfipadé tfepanim piva
rostla hodnota tlakového nardstu PG,.

3.6 Vizualizace tvorby mikrobublin CO,
na polystyrénovém povrchu

Do nové Petriho misky s hydrofobnim povrchem se nalila varni
voda, nasycenda oxidem uhli¢itym (5 g/l) a po 5 min se miska vyfoto-
grafovala (obr. 5).

PFi pohybu nebo klepnuti dna misky o pevny podklad ¢ast bublin
unikla ze sycené kapaliny a jejich nova tvorba pokrac¢ovala. Roz-
pustény CO, difundoval opét do mikrobublin, které zvétSovaly sv(j
objem, az je vztlakova sila odtrhla. Pohyb kapaliny snaze odtrha-
va velké bubliny, protoZe boc¢ni sila, plisobici na bublinu je tmérna
prdfezu bubliny. Odtrhavani nanobublin z molekul hydrofobinli se
podle literatury pfedpoklada jako mechanismus gushingu (Decker
a Venken, 2012).

3.7 Parametry piva s nachylnosti ke gushingu

V souboru pravidelné sledovanych sto¢enych vzork( se podarilo
nalézt vzorek se zvySenou nachylnosti ke gushingu. Parametry piva
s nachylnosti ke gushingu se opakované méfily vzdy po 1 dni tfepa-
ni s dobou odpocinku po tfepani 1 h (obr. 6). Také v tomto pfipadé
s rostouci dobou tfepani rostly hodnoty tlakového narustu, preteklé-
ho objemu a zakal(i, méfenych v Uhlu 90 a 12°.

Obr. 5 Tvorba mikrobublin a makrobublin na povrchu polysteronové
Petriho misky s vodou, sycenou oxidem uhli¢itym (5 g//) /

Fig. 5 Generation of micro- and macro- bubbles on the surface of
polysterene Petri dish with carbonated water (5 g/l)
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Obr. 4b Indukce gushingu v roztocich roztokd taninu (TA 0,5 %,
2,5 ml), Zelatiny (GE 0,5 %, 2,5 ml) a jejich smési (TA + GE) 0,51
piva pro rlizné kombinace dob tfepani/odpocinku podle hodnot PG;
/ Fig. 4b Induction of gushing of tannin (TA 0.5% w/w, 2.5 ml/0.5 |),
gelatine (GE 0.5% w/w, 2.5 ml/0.5 |), and their mixture (TA + GE )
solutions added to saturated beer (5g CO./l) treated various combi-
nations of shaking/rest times

3.4 The effect of shaking regime on the pressure growth

Bottles with pasteurized beer were stored for 1 year at 20 °C in the
dark and at rest. Randomly taken bottles with storage time longer
then 10 months were shaken for different times to induce gushing.
After 1 hour rest the PE and PG, values were determined (Fig. 3).

The pressure growth responding to gushing was reached just after
sufficiently long shaking in this case at least 9 days. Tendency to
gushing can thus be determined by measuring the pressure growth
in the bottle after shaking for various times.

3.5 Induction of gushing by the gelatine and tannin addition to
the carbonated water or beer

Bottles with brewing water (0.5 I, 5 °C) with the addition of stock
solutions of tannin, gelatine or their mixtures were saturated with CO,
(5 g/l) and closed with crown cap. The same stock solutions were
added to 0.5 liters of cold beer (5 °C) and processed in the same
manner. Crowned bottles were shaken for different combinations of
shaking and resting times and the PG, values were measured (Fig.
4a, b). After samples decarbonization the hazes at an angle of 12°
(H12) and 90° (H90) were measured (Tab. 2a, b).

The addition of tannin or gelatine alone to carbonated water
showed no pressure growth in the bottle headspace. Their joint addi-
tion caused pressure growth in dependence on the time of shaking,
while hazes in the water were formed after addition of both compo-
nents even without shaking. The pressure growth is associated with
shaking of formerly formed precipitate.

Addition of tannin to beer caused pressure growth in headspace
simultaneously with the formation of haze. The pressure growth PG,
also increased with the beer shaking.

3.6 Visualization of microbubbles of CO,
on a polystyrene surface

Carbonated brewing water (5 g/l) was poured into a new Petri dish
with a hydrophobic surface and the dish was photographed after 5
minutes (Fig. 5).

Dish movement or tapping on its bottom released a portion of bub-
bles which escaped from carbonated liquids and new bubbles forma-
tion continued. Dissolved CO, diffused again into microbubbles that
grew until the buoyancy force tore them off. The movement of the
liquid tore large bubbles off easily, because the lateral force acting
on a bubble was proportional to its cross section. Tearing off na-
nobubbles from hydrophobbins molecules is assumed as a gushing
mechanism in the literature (Decker and Venken, 2012).

3.7 Parameters of beer with tendency to gushing

In the group of regularly monitored bottled samples the beer with
increased tendency to gushing was found. The parameters of this
beer were repeatedly measured every day using shaking/rest test
(Fig. 6). Also in this case, the values of the pressure growth, the
overflowed volume and haze measured at 90 and 122 grew with in-
creasing time of shaking.
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Tab.2a Hodnoty zakald v rozptylovém v Uhlu 90° a 12° v rozto-
cich roztok( taninu (TA 0,5 %, 2,5 ml/0,5 I), zelatiny (GE 0,5 %,
2,5 ml/0,5 1) a jejich smési (TA + GE) v 0,5 | varni vody (BW) pro
rlizné kombinace dob tfepani/odpocinku / Table 2a Haze values at
90° and 12° for tannin (0.5% TA, 2.5 ml/0.5 1), gelatine (GE 0.5%,
2.5 ml/0.5 1) and their mixture (TA + GE) in brewing water (BW) for
different combinations of shaking / resting times

Trepani / BW BW+TA BW+GE |[BW+TA+GE
Shaking

/Klid / Rest| H90 | H12 | H90 | H12 | H90 | H12 | H90 | H12
0d/1d 0.29 |1 0.23 | 0.27 | 0.23 | 0.26 | 0.22 | 13.3 | 6.44
5min/1d 0.28 | 0.24 | 0.35 | 0.31 | 0.26 | 0.31 | 14.8 | 6.18
1d/1h 0.30 | 0.25 | 0.43 | 0.33 | 0.32 | 0.27 | 15.0 | 9.35

Tab.2b Hodnoty zakall v rozptylovém v thlu 90° a 12° v roztocich
roztoku taninu (TA 0,5 %, 2,5 ml), Zelatiny (GE 0,5 %, 2,5 ml)

a jejich smési (TA + GE) v 0,5 | piva (BEER) pro riizné kombinace
dob tfepani/odpocinku / Table 2b Haze values at 90° and 12° for
tannin (0.5% TA, 2.5 ml/0.5 |), gelatine (GE 0.5%, 2.5 mi/0.5 |) and
their mixture (TA + GE) in beer for different combinations of shaking
/ resting times

Trepani / BEER BEER+TA |BEER+GE| BEER+TA+GE

Shaking

/Klid / Rest| H90 | H12 | H90 | H12 | H90 | H12 | H90 H12

0d/1d 0.300.20(27.8{17.7|0.66 | 1.21 18.0 10.7

5min/1d 0.46|0.25(23.6(13.0/0.85|1.29| 255 19.8

1d/1h 0.92]0.43(34.922.10/1.31|1.59| 15.3 154
4 ZAVER

Pritomnost plisfiovych hydrofobinG byva c¢asto povazovana za
hlavni pfi¢inu pfepénovani, ¢emuz odpovida oznaceni primarni gu-
shing. Sekundarni gushing se povazuje za méné vyznamny. Ve sku-
tenosti se Ize setkat i s gushingem napojl, u nichz je vysoky obsah
plisfiovych hydrofobint nepravdépodobny.

Pro pfedpovéd nachylnosti piva ke gushingu Ize vyuzit stanoveni
narGstu tlaku v hrdlovém prostoru po odpusténi tlaku z lahve a jejim
opétovnym uzavienim. Tato technika umoznila nalézt korelaci mezi
hodnotou PG, a pfeteklym objemem piva.

Vyznamnym parametrem je poc¢ateéni hodnota narlstu (kPa/min),
nebo hodnota tlaku po 1 min od opétovného uzavreni tzv. PG,. Pivo
s hodnotou PG, > 50 kPa se povazuje za nachylné k prepénovani,
pivo s hodnotou nad 120 kPa silné vystfikuje, nebo pretéka z lahve.

Sycena voda, obsahujici oxid uhli¢ity o stejné koncentraci jako
pivo (5g/l), za pfitomnosti iniciatoru gushingu rovnéz silné uvolfo-
vala oxid uhli¢ity, ale voda nepretékala okraj lahve. Péna vznikajici
z piva usnadnovala jeho vytékani, nebot oxid uhli¢ity nemohl rychle
uniknout a vytlaCoval ji z lahve. Tim také rostla doba pobytu uvol-
nénych mikrobublin v pivu a zvySoval se podil CO,, pfechazejici do
pény.

Gushing bylo mozné vyvolat i u stoenych piv, skladovanych po
dlouhou dobu (az 11 mésicU) v klidu v kombinaci s naslednym tfepa-
nim. Tato piva nevykazovala gushing ani po dlouhé dobé skladovani
v klidu. Doba skladovani i délka tfepani zvySovala pravdépodobnost
prepénovani.

Predchozi sledovani piv z rdznych pivovar(l ukézalo, Zze néktera
z nich pfepénovala po skladovani dokonce i bez tfepani, ackoliv ne-
byla prokazana souvislost mezi intenzitou koloidniho zakalu tlako-
vym narlstem (Savel a Kosin, 2014b).

Gushing piva se muze vyvolat pfidavkem pevnych iniciatort (pry-
zovéa zatka), které nevyzaduji tfepani, nebo latek, u nichz tfepani
zvySuje vyskyt gushingu.

Pfidavkem zakalotvornych latek napf. roztokd taninu a Zelatiny se
podafilo vyvolat gushing, ktery vyzadoval tfepani. Proto predpokla-
dame, Ze gushing mize vznikat i ze sloucenin, pfirozené se vyskytu-
jicich v pivu, jako jsou bilkoviny i tfisloviny. Povrch téchto komplexu
muze pravdépodobné vykazovat oblasti s riznou hydrofobicitou.

Predpokladame, ze gushing zpUsobuiji latky, na jejichz povrchu
jsou vazany mikrobubliny plyn(, jejichz velikost a tvar se tfepanim
synchronizuje, takze po nahlém poklesu tlaku skokové vzroste vztla-
kova sila, kterd zpusobi jejich odtrzeni.
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Obr. 6 Vliv doby tfepani na tlakovy narlist (PG;), pretekly objem
(OV) a zéakal tfepanych vzorkl (290, Z12) / Fig. 6 The effect of
shaking on the pressure growth (PG;), overflowed volume (OV) and
haze values (290, Z12)

4 CONCLUSIONS

The presence of fungal hydrophobins is often regarded as the
main cause of overfoaming, which is called as primary gushing. Sec-
ondary gushing is considered to be less important although bever-
ages in which a higher content of fungal hydrophobin is improbable
can also strongly gush.

For gushing prediction the headspace pressure growth (PG)
measurement after piercing and closing the puncture again can be
used to determine the tendency to gushing.

The important parameter is the initial value of the rate of pres-
sure growth (kPa/min), or a pressure value reached after 1 min after
crown puncture resealing called PG,. Beer value PG> 50 kPa is
considered to be typical for starting gushing while the value above
120 kPa it is associated with strong ejection or overflowing of beer
from the bottle.

In the presence of gushing inductor carbonated water with the
same concentration of CO, (5 g/l) comparable to beer also highly
released carbon dioxide, but without overflowing from the bottle.
Beer foam formation supports gushing because carbon dioxide can
not escape immediately and so it displaced foam from a bottle con-
tinuously. This effect also increased residence time of the released
microbubbles in beer and thus increased proportion of CO,, passing
into foam.

Gushing could be also induced in beer samples which showed no
gushing even after long periods of storage (up to 11 months) at rest
after their subsequent shaking. Increasing storage and shaking time
increased the probability of overfoaming.

Previous monitoring of beers from various breweries showed,
that some of them exhibited gushing after long storage even without
shaking although the link between intensity of colloidal turbidity and
pressure growth was not confirmed (Savel and Kosin, 2014b).

Gushing of beer can also be induced by addition of solid initiators
(e.g. rubber stopper) that do not require shaking or substances which
increases the occurrence of gushing during beer shaking.

Haze forming substance such as tannin, gelatine and their combi-
nation managed to induce gushing that was supported by shaking.
Therefore, we assume that gushing may also arise from compounds,
naturally occurring in beer, such as proteins and polyphenols. The
surface of these complexes is supposed to have areas with different
hydrophobicity.

We assume that gushing causing substances have surface with
bound microbubbles of which size and shape is synchronized by
shaking, so after a sudden pressure decrease the buoyancy force
causes their tearing off and gushing.
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