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Savel, J. — Kosin, P. — Broz, A.: Iniciace tniku oxidu uhliéitého z piva a gushing. Kvasny Prum., 60, 2014, €. 2, s. 22-30

Clanek pojednava o méfeni zmén hmotnosti lahve piva po jejim otevfeni a pridavku praskovitych nebo pevnych materiall do piva
nebo po jeho elektrolyze. Pokles hmotnosti lahve odpovida uniku CO, i ostatnich tékavych latek véetné vodni pary. Unik CO, po pfidavku
praskovitych material klesal s jejich zvlhéenim. Jako makro- model pro uvolfiovani CO, ze sycenych napoji se pouzily éasteéné sma-
Citelna pryzova zatka a silikonova zatka s hydrofobnim povrchem. PryZova zatka v pivu zvySovala rychlost uniku CO, z piva, pficemz
tato schopnost neklesala ani s jejim namocenim, povarenim, pasteraci, pobytem v uzaviené lahvi nebo v kvasici mladiné. Uvolfiovani
CO, z piva Ize vyvolat mechanickym pohybem piva nebo jeho elektrolyzou. Intenzita pfenosu CO, z kapaliny do plynné faze zavisi na
vlastnostech povrchu pevnych ¢astic i vlastnostech kapaliny.

Savel, J. — Kosin, P. — Broz, A.: Initiation of carbon dioxide liberation from beer and its gushing. Kvasny Prum., 60, 2014, No. 2,
pp. 22-30

The article discusses the measurement of bottle weight changes after its opening followed by addition of a powder or solid materials
in beer or electrolysis. Bottle mass loss corresponds to escape of CO, and other volatile substances, including water vapor from beer.
Escape rate of CO, after the addition of powdered materials to beer decreased with their wetting. Partially wettable rubber stopper and
silicone stopper with a hydrophobic surface were used as a macro — model for the CO, escape from carbonated beverages measure-
ment. The rubber stopper inserted into beer increased escape rate of CO, from the beer and this ability was not inhibited by its wetting,
boiling, pasteurization or its stay in wort and beer during fermentation. The release of CO, from the beer can be induced by mechanical
movement of beer, or its electrolysis. The intensity of CO, transfer from beer to the gaseous phase depends on the surface properties of
solid particles and liquid properties.

Savel, J. — Kosin, P.— Broz, A.: Initiierung des CO, Ausstromens aus dem Bier und Gushing. Kvasny Prum., 60, 2014, Nr. 2, S. 22-30

Der Artikel befasst sich mit dem Messen der Massenanderung einer Bierflasche nach der Er6ffnung und nach der Feststoffzugabe
ins Bier oder nach der Elektrolyse des Bieres. Die Massensenkung der Flasche entspricht dem CO,-Entweichung, und dem Ausstrémen
von anderen fliichtigen Stoffen einschlieBlich Wasserdampf. Das CO, Ausstromen ist nach der Feststoffzugabe und ihrem Anfeuchten
zuriickgegangen. Als Makromodel fir das CO, Ausstrémen aus den kohlensédurehaltigen Getrdnken wurden eine teilweise benetzt bare
Gummi- und Silikonstépsel mit einer hydrophoben Oberflache angewandt. Die Gummistopsel hat die Geschwindigkeit des CO, Ent-
weichens aus dem Bier beschleunigt, diese Fahigkeit ist auch wahrend des Anfeuchtens, Kochens, Pasteurisierung, des Aufenthalts in
geschlossener Flasche und in der garenden Wiirze geblieben. Durch mechanische Bewegung oder Elektrolyse kann CO, Ausstrémen
hervorgerufen werden. Die Intensitit der CO, Ubertragung aus der fliissigen Phase in die gasartige hangt von der Oberflacheneigen-
schaften der Festteilchen und von den Flissigkeitseigenschaften ab.

Klicova slova: presyceni, gushing, hydrofobicita, povrch &astic,
elektrolyza, oxid uhlicity, vodik, dusik, kyslik

1 UvVOoD

Prepénovani piva (gushing, overfoaming, overfobbing) se v pivo-
varskeé literatufe zminiuje pfes 110 let, aniz by se dospélo k jednot-
nému vysveétleni tohoto jevu. Podstatou gushingu je nahla pfeména
rozpusténého oxidu uhli¢itého v napoji na plyn. V soucasnosti se
gushing vyskytuje také u ostatnich sycenych napojli a jeho vyskyt
ma negativni ekonomicky dopad (Winkelmann a Hinzmann, 2009).

V literatufe Ize nalézt jednotlivé i pfehledné €lanky o gushingu
(Amaha a Kitabatake, 1981; Casey, 1996; Pellaud, 2002; Gastl a Za-
rnkow, 2009; Deckers a Gebruers, 2010; Christian a Titze, 2011).

PFi€iny gushingu spodivaji ve vlastnostech a kvalité sladu nebo
slozeni pivovarskych surovin, meziproduktll a pomocnych materia-
10. Gushing nastava az po dosazeni dostate¢ného stupné presyceni
roztoku oxidem uhli¢itym a dulezitym faktorem je i pfitomnost jinych
plynt, napt. kysliku, dusiku nebo vzduchu v pivu.

Jednou z nej¢astéjSich pfic¢in gushingu je napadeni jeémene plis-
némi a produkce jednoduchych bilkovinnych faktor(i, tzv. hydrofo-
binl (Shokribousjein a Deckers, 2011; Deckers a Vissers, 2013).
Dalezitym iniciatorem gushingu je také oxalat vapenaty pochazejici
z je€mene (Zepf a Geiger, 2000; 2001). Kritické studie vSak nékte-
ré z téchto uznavanych pfi¢in nepotvrdily (Bélakova a BeneSova,
2012).

Vyklad gushingu se vétSinou opira o popis vzniku a vlastnosti
mikrobublin oxidu uhli¢itého v napojich. Pro jejich tvorbu jsou nutna
tzv. nukleaéni centra (Draeger, 1996; Jones a Evans, 1999). Nukle-

Keywords: supersaturation, gushing, hydrophobicity, particle
surface, elektrolysis, carbon dioxide, hydrogen, nitrogen, oxygen

1 INTRODUCTION

Beer gushing (overfoaming, overfobbing ) has been mentioned in
the brewer's literature over 110 years without coming to a consistent
explanation of this phenomenon. Gushing is based on the transfer of
dissolved carbon dioxide from beverage into gas phase. Nowadays
gushing occurs also in other carbonated beverages, and its occurrence
has a negative economic impact (Winkelmann and Hinzmann, 2009).

In the literature, there are individual and review articles on gushing
(Amaha and Kitabatake, 1981; Casey, 1996; Pellaud, 2002; Gastl
and Zarnkow, 2009; Deckers and Gebruers, 2010; Christian and
Titze, 2011).

Cause of gushing lies in the malt properties and quality or compo-
sition of brewing raw materials, intermediate products and additives.
Gushing occurs after reaching a sufficient degree of supersaturation
with carbon dioxide and the presence of other gases such as oxy-
gen, nitrogen or air is also an important factor.

One of the most common cause of gushing is a fungal infection
of barley connected to production of simple protein factors, called
hydrophobins (Shokribousjein and Deckers, 2011; Deckers and Vis-
sers, 2013). An important initiator of gushing is also calcium oxalate
coming from barley (Zepf and Geiger, 2000; 2001). However some
of these recognized causes were not confirmed in critical studies
(Bélakova and BeneSova, 2012).

Explanation of gushing is mostly based on a description of CO,
microbubbles properties in beverages. So called nucleation cent-
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Obr. 1 PfFistroj na elektrolyzu
sycenych napojt / Fig. 1 In-
strument for electrolysis of be-
verages

Obr. 2 Ztrata hmotnosti piva (0,33 I, 25 °C) po pfidavku suchych
(d) a namocenych (w) anorganickych prasku (3 mg) a vodarenske-
ho pisku (50 mg). Cisla vedle kfivek udavaji pfepénény objem (OV)
/ Fig. 2 Mass loss of beer (0.33 I, 25 °C) after addition of dry (d)
and moistened (w) inorganic powders (3 mg) and water supply sand

(50 mg). The numbers near the curves gives overflowed volume (OV)

ers are necessary for their for-
mation (Draeger, 1996; Jones
and Evans, 1999). The nuclea-
tion centers may be formed by
hydrophobic particles, gases
adsorbed on the particle sur-
face or stabilized microbubbles
(Gardner, 1973).

Beer gushing is tradition-
ally divided into “primary”, for
example caused by malt hy-
drophobins which form natural
nucleation centers and “sec-
ondary”, caused by other mi-
crobubble nucleation centers
such as calcium oxalate. The
sudden release of carbon diox-
ide is thus also possible in the
drink without foaming agents,
which otherwise facilitate the
overflow of beverage from
the bottle. When the intensity
of CO, escape is higher even
a low-foaming liquid such as
soda water can be carried out
of the bottle.

acni centra mohou tvofit pevné hydrofobni ¢astice, plyny adsorbo-
vané na povrchu ¢astic nebo stabilizované mikrobubliny (Gardner,
1973).

Gushing piva se tradi¢né rozdéluje na ,primarni“, zplsobeny
napf. sladovymi hydrofobiny, tvoficimi pfirozena nukleaéni centra
a ,sekundarni“, zpisobeny iniciaci z jinych nukleacénich center, tvo-
fenych napf. oxalatem vapenatym. Nahlé uvolnéni oxidu uhli¢itého
je tak mozné i u napoje bez pénotvornych latek, usnadnujicich vyna-
Seni napoje z lahve. Pfi jesté vétsi intenzité uniku oxidu uhlic¢itého je
z lahve vynasena i nepéniva kapalina, napf. sodova voda.

Méfeni gushingu se vétSinou zaklada na stanoveni mnozstvi pfe-
pénéného piva po definovaném pohybu kapaliny s naslednou pre-
stavkou (Casey, 1996). Mé&feni pritoku unikajiciho CO, po otevfeni
lahve je dobrym ukazatelem nachylnosti piva k pfepénovani (Savel
a Kosin, 2013). Na tento ¢lanek navazuje sou€asné sdéleni, tykajici
se sekundarniho gushingu, pfi némz se méfeni objemu plynu unika-
jiciho ze vzorku nahrazuje méfenim zmén jeho hmotnosti.

2 MATERIAL A METODY

2.1 Chemikalie a pfistroje

Siran barnaty (BaSQO,), praskovité zelezo redukované vodikem
BPC 49, oba Lachema Praha, aktivovany MnO, s ¢asticemi < 5 pm
(Sigma Aldrich), vodarensky pisek PR1 se zrnitosti 1-2 mm (Provo-
dinské pisky, CR).

Pryzové zatky (kat. ¢islo 2201.1014) s hornim prdmérem 14,5
mm, dolnim primérem 10,5 mm a hmotnosti 3,6 g, silikonové zatky
(kat. ¢islo 2202.1015) s hornim prdmérem 15 mm, dolnim primérem
10 mm a hmotnosti 2,5 g, obé s vySkou 20 mm (Fischer Scientific, CR).

Ceské lezaky pochéazely z rlznych pivovar( v CR, sycend voda
z maloobchodu a oba napoje obsahovaly 5 g/l CO,. K pokusim s p¥i-
davkem praskovitych latek se pouzil lezak 1 mésic po stoceni, s ga-
ranéni dobou 1 rok. Pivo s mirnym gushingem se ziskalo vybérem
z piv z maloobchodu.

2.2 Laboratorni plynomér
Laboratorni plynomér pro méfeni rychlosti samovolného uniku
CO, z oteviené lahve (Savel a KoSin, 2013).

2.3 Pristroj na vypénovani napoje elektrolyzou

Pristroj se skladal z elektrod z nerezavéjici oceli (prdmér 1 mm),
vzdalenych od sebe 1 cm, spojenych odpojitelnymi kontakty s 9V ba-
terii, méfi¢e proudu a vahy (obr. 1).

2.4 Vazkové stanoveni Uniku oxidu uhli¢itého ze syceného napoje

Lahev s pivem nebo sycenym napojem se zvolna otevre, vlozi do
kadinky a po pfidavku iniciatoru pfepénovani se vazi v zavislosti na
Gase. Pokud pivo pfetece z lahve do kadinky, po ukon&eni pokusu se
odmeérnym valcem zméfi objem preteklé kapaliny (OV — overflowed
volume). Ubytek hmotnosti odpovida mnozstvi unikiého CO,, alko-

Evaluation of gushing is most-
ly based on the determination of the quantity overflowed beer after
a define shaking of the liquid followed by sudden opening of the bot-
tle (Casey, 1996). Flow rate measurement of CO, escape is a good
indicator of beer predisposition to gushing (Savel and Kosin, 2013).
This previous article is now followed by present study oriented on
gravimetric measurement of the secondary gushing.

2 MATERIAL AND METHODS

2.1 Chemicals and instruments

Barium sulfate (BaSQO,), iron powder reduced with hydrogen BPC
49, both Lachema Praha, activated MnO, with particles <5 pm (Sig-
ma Aldrich) , water industry sand PR1 with grain size 1-2 mm (Pro-
vodin sands, Czech Republic).

Rubber stopper (Cat. No. 2201.1014) with an upper diameter of
14.5 mm, a bottom diameter of 10.5 mm and a weight of 3.6 g, sili-
cone stopper (Cat. No. 2202.1015), with upper diameter of 15 mm,
bottom diameter of 10 mm and a weight of 2.5 g, both stoppers had
a height of 20 mm (Fisher Scientific, CR).

Different brands of Czech lagers and carbonated water, both con-
taining 5 g/l CO,, were obtained from the retail. The experiments
with the addition of powdered substances were carried out with lager
(1 year warranty period) taken one month after the bottling. Beer with
a slight gushing was obtained from the retail.

2.2 Laboratory gas meter

Laboratory gas meter for the measurement of CO, volume liber-
ated spontaneously from the bottles after its opening (Savel and
Kosin, 2013).

2.3 Instrument for CO, liberation from beer by electrolysis

The instrument consisted of a pair of stainless steel electrodes
(1 mm diameter, 1 cm distance), with disconnectable contacts, a bat-
tery (9 V), ammeter and digital weight (Fig. 7).

2.4 Gravimetric determination of CO, liberated from the
carbonated beverages

Bottle containig beer or carbonated water placed in a beaker is
slowly opened and after addition of a solid initiator the weight chang-
es are recorded in various time intervals. If the beer is overflowed
from the bottle into the beaker, the overflowed volume (OV) is meas-
ured by graduated cylinder after end of the experiment. Mass loss
corresponds to the amount of CO,, alcohol, volatile substances and
water vapor liberated from sample and it is therefore higher than
the only weight loss caused by pure CO, liberation from carbonated
liquid.

The solid initiators are used as dry or wetted powders. Rubber
or silicone stoppers are boiled in water for 30 minutes under reflux,
then agitated or shaken for 30 min in deionized water and dried in
air before use.
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Obr. 3 Ztrata hmotnosti po vloZeni suché pryzove zatky do 0,5 | piva
(10 °C). Cisla vedle kfivek udavaji pfepénény objem (OV) / Fig. 3
Mass loss of beer after putting of the stopper into beer (0.5 1, 10 °C).
The numbers near the curves gives overflowed volume (OV)

holu, tékavych latek i vodni pary, a je proto vy$Si nez ztrata hmotnos-
ti CO, ze sycené kapaliny.

Pevné materidly se do piva davkuji jako suché, namoc¢ené nebo
povafené 30 min ve vodé pod zpétnym chladi¢em. Pryzové nebo
silikonové zatky se pfed pouzitim michaly nebo tfepaly 30 min v dei-
onizované vodé a pak nechaly na vzduchu uschnout.

2.5 Méreni pretlaku oxidu uhli¢itého v hrdle obalu

Pretlak CO, v hrdle lahve se méfil manometrickym pfistrojem
se vstfikovaci pumpickou (1-CUBE, CR). Po propichnuti uzavéru
obalu se odpustil vnitini pretlak a méfil se opétovny narust tlaku CO,
unikajiciho z napoje (Savel, 2004).

3 VYSLEDKY A DISKUSE

3.1 Unik CO, z piva po pfidavku anorganickych material(i

Do lahvi (0,33 1) s pivem (25 °C) se davkovaly anorganické pras-
ky BaSO,, MnO,, Fe (3 mg) a vodarensky pisek (50 mg) jako suché
nebo zvlhéené 1 ml deionizované vody a zaznamenavaly se zmény
hmotnosti lahve béhem uUniku oxidu uhli¢itého (obr. 2). Pivo Ize vypénit
pfidavkem sypkych praski nebo kusovitych pfirodnich anorganickych
materialt, pfi¢emz ucinnost vypénéni klesa jejich namacenim. Casti-
ce na svém povrchu obsahuji velké mnozstvi vzduchu, které zvihée-
nim vodou klesa. Adsorbovany vzduch muze iniciovat unik CO,.

P¥i pfepénovani soucasné klesa rychlost uniku CO, s jeho klesaji-
cim obsahem v kapalné fazi. Jednotlivé ¢astice praskovitych materi-
ald mohou mit sice rozméry, umoznujici prinik kiemelinovym filtrem,
jejich shlukovani tomu ale zabranuje. Naproti tomu shlukovani ¢astic
mUze posilit uvolfiovani bublinek plynu.

Praskovité Zelezo a MnO, mohou teoreticky uvolfiovat z piva vodik
nebo kyslik a tim indukovat pfepénovani, ale rychlost tohoto procesu
je podstatné mensi, nez unik CO, pfi jejich zvlhéovani. Ve vodné
suspenzi zbyvaji po usazeni hrubych ¢astic ¢astice mensich rozmé-
rll, ale pridavek této jemné suspenze do piva také nevyvolal vypéné-
ni, at jiz z dlivodu jejich nizké koncentrace nebo Uplného zvlh¢eni.

Hrubé koloidni ¢astice dokvasovaného piva se odstrani filtraci
a nemohou tak ininiciovat gushing. Podobné& mokry, Cerstvé srazeny
oxalat vapenaty prochazi papirovym filtrem, ale pfidavek této sus-
penze do piva nevyvolava gushing, zatimco stejny preparat po vysu-
Seni na vzduchu je aktivni.

Pfi modelovych pokusech pfidavek namocené kfemeliny do piva
sice zvysil rychlost uniku oxidu uhli¢itého, ale az v koncentracich, kte-
ré se v pivu bézné nevyskytuji (Savel, 2004). Vodarensky pisek jako
model anorganického materidlu s Elenitym povrchem sice gushing
vyvolaval, ale jeho ucinnost opét klesala zvih¢enim jeho povrchu.

U¢innéjsimi iniciatory gushingu jsou organické materialy s ¢lenitym
povrchem, jako jsou aktivni uhli, mlato, nebo praskovita celulosa. Na-
maceni téchto materialt sice snizuje jejich ucinnost jen ¢astecné, ale
také tyto materidly se snadno zachyti kiemelinovym filtrem. Jiné mate-
rialy jako suchy praskovity bramborovy $krob neuvolnovaly z piva CO,
ani bez pfedchoziho namodeni (Savel a Kosin, 2013).

2.5 Manometric measurement of carbon dioxide pressure in
the bottle headspace

The CO, pressure in the headspace was measured by manomet-
ric instrument with the injection pump (1-CUBE, Czech Republic).
After piercing the bottle crown the internal pressure was measured,
the headspace was shortly connected to atmosphere, closed again
and gauge pressure increase caused by CO, liberation was recorded
(Savel, 2004).

3 RESULTS AND DISCUSSION

3.1 CO, liberation from the beer after addition of inorganic
materials

Inorganic powders BaSO,, MnO,, Fe (3 mg) and water industry
sand (50 mg) were used as dry or moistened with 1 ml of deion-
ized water. After the addition to open bottle with beer (0,33 I,
25 °C) the weight changes were measured during carbon diox-
ide liberation (Fig. 2). Beer can be overfoamed by the addition
of powders or solid pieces of natural inorganic materials where
their moistening decreases gushing intensity. The solid particles
contain a large amount of air adsorbed on their surface, which
decreases by water flooding. The evolved air can initiate the re-
lease of CO,.

At the same time CO, liberation rate decreases with the decreas-
ing CO, content in the liquid phase. The dimension of some pow-
dered materials such as kieselguhr allows them to pass beer filter but
their agglomerates are prevented from it. In contrast, some cluster-
ing of particles can support the gas bubbles escape.

Iron and MnO, powder can theoretically release hydrogen or oxy-
gen from the beer by a chemical reaction and thereby initiate gush-
ing, but the reaction velocity of this process is considerably slower
than its inhibition caused by moistening. The aqueous suspension
of fine particles remaining after settling of the coarse ones could not
initiate gushing, either because of their low concentrations or com-
plete air elimination.

Coarse colloidal particles are removed from maturated beer by
kieselguhr filtration thereby they can not initiate gushing. Similarly,
wet freshly precipitated calcium oxalate is able to even pass paper
filter, but the addition of the fine filtrate suspension into the beer did
not induce gushing whereas the same suspension was active after
drying off in air.

In model experiments the addition of wetted kieselguhr into beer
increased the rate of CO, escape, but only at concentrations that are
not commonly found in beer (Savel, 2004). Water industry sand as
a model inorganic material with a rugged surface, initiated the gush-
ing, but the effectiveness of this process declined after the surface
was moistened.

Efficient gushing initiators are natural organic materials with a po-
rous surface, such as activated coal or powdered cellulose. These
materials reduce their gushing activity by wetting only partially, but
they are easily removed by kieselguhr filter. Other materials such as
dry powdered potato starch did not release CO, even without prior
moistening (Savel and Kosin, 2013).

From these experiments follows that microbubbles of air or other
gases bound to the surface of solid materials can act as an effective
gushing initiator, but after their removal associated with subsequent
wetting this ability is lost.

3.2 Gushing initiation by rubber stopper

Rubber and silicone stopper, in which the nucleation centers are
located on the surface of the one piece of solid material were chosen
as model gushing initiators. Similarly, beer gushing may be caused
by scratched inner walls of the glass or bottle with tightly localized
nucleation centers (Pellaud, 1962).

Silicone stopper has a hydrophobic surface, whereas a rubber
stopper is partially water wettable. To assess the reproducibility of
gushing measurement the dry rubber stopper was put in the neck of
0.5 | bottle containing beer at 10 °C, let it to fall to the bottom with
recording weight changes during carbon dioxide escape. To deter-
mine the reproducibility of such measurement the experiment was
repeated with another a stopper (Fig. 3).

In another experiment, the rubber stoppers were placed on a thin
glass rod at different height, which allowed to place the stopper at
the bottom, 1/3, 2/3 and just below the surface of the height of the
liquid. The rod with stopper was slowly inserted into the bottle with
beer at 25 °C and changes of weight and beer overflowed volume
were recorded (Fig. 4a, b).
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Obr. 4a Umisténi pryzové zat-
ky v rizné vysce piva v lahvi /
Fig. 4a Rubber stopper position
at various height of beer at the
bottle

Obr. 4b Ztrata hmotnosti piva (0,33 I, 25 °C, 10 °C) po vlozeni su-
chych pryzovych zatek a zatek umisténych u dna, v 1/3 a 2/3 vysky
piva. Cisla vedle kfivek udavaji pfepénény objem (OV), slepy vzorek
je pivo bez zatky / Fig. 4b Mass loss of beer (0,33 I, 25 °C, 10 °C)
after putting of dry rubber stopper placed at the bottom, in 1/3 and
2/3 of beer height. The numbers near the curves gives overflowed
volume (OV). Beer without stopper is labeled as blank

Most beer overflowed bottle
rim after stopper free fall, small-
er amounts escaped at a slow
insertion of the stopper placed
on the glass rod. A possible ex-
planation for the rapid release of
CO, is the streaming of the liquid
during the stopper fall through
liquid. Similarly the bubbles ad-
hering to the solid material are
released by stirring, shaking, or
tilting the bottle with moving the
stopper on the bottom.

Effect of the stopper wetting
was measured by inserting dry
or wet stoppers into beer and
repeating this experiment with
previously boiled or dried stop-
per. The ability of the rubber
stopper to release CO, from
beer was also measured after
5 days storage in closed bottle
with beer at 25 °C (Fig. 5).

The rubber stopper is suitable
model of a gushing initiator, be-
cause it allows the visualization
of CO, bubbles adhered to the

Z téchto pokust plyne, Ze bublinky vzduchu nebo jinych plynil va-
zané na povrch pevnych materiald mohou byt Géinnym iniciatorem
gushingu, ale po jejich odstranéni a nasledném smoceni povrchu
¢astic se tato schopnost ztraci.

3.2 Iniciace vypénovani piva pryzovou zatkou

Jako iniciatory gushingu se zvolily pryZové a silikonové zatky,
u nichz jsou nukleaéni centra lokalizovana na jejich povrchu na stej-
nych mistech. Podobné m(ize gushing vyvolat poskrabané sklo vniti-
nich stén sklenic, nebo lahvi s pevné lokalizovanymi nukleacnimi
centry (Pellaud, 1962).

Silikonové zatka ma hydrofobni povrch, pryzova zatka je vodou
¢astecné smacitelnd. K posouzeni reprodukovatelnosti intenzity gu-
shingu se do hrdla lIdhve s pivem (0,5 ) vlozila sucha pryzova zatka,
nechala klesnout na dno a zaznamenavaly se zmény hmotnosti po
Uniku oxidu uhli¢itého pfi pocatecni teploté piva 10 °C a pro stano-
veni reprodukovatelnosti se pokus opakoval s jinou zatkou (obr. 3).

V dal$im pokusu se pryZova zatka nasunula na tenkou sklenénou
ty¢inku v rlizné vysce, coz umoznilo po jejim vioZeni do lahve umistit
zatku u dna, v 1/3, 2/3 vySky kapaliny a tésné pod hladinou. Ty&inky
se zatkou se pomalu vsunuly do lahvi s pivem pfi teploté 25 °C a za-
znamenavaly pokles hmotnosti a pfetekly objem (obr. 4a,b).

Nejvice piva preteklo hrdlo Iahve pfi volném padu zatky, mensi mnoz-
stvi pfi pomalém vsunuti zatky na sklenéné tycince. Moznym vysvét-
lenim je rychlé uvolfiovani CO, a michani kapaliny béhem padu zatky
kapalinou. Podobné Ize uvolnit bubliny, ulpivajici na pevném materialu
zamichanim, tfepnutim, nebo i nahnutim lahve a pohybem zatky na dné.

Vliv stupné zvihéeni zatky se sledoval vlozenim suché nebo na-
mocené zatky a opakovanim tohoto pokusu po pfedchozim povareni
zatky, popf. po jejim uschnuti. Ovéfovala se také schopnost pryzové
zatky uvolnovat CO, z piva po jejim skladovani 5 dni pfi 25 °C v uza-
viené lahvi s pivem (obr. 5).

PryZzova zatka je vhodnym modelem k vyvolani gushingu, nebot
umoziuje vizualizaci vzniku bublinek oxidu uhli¢itého v pivu. Schop-
nost uvolfiovat oxid uhliCity z piva vyrazné neklesala zvlhé¢enim,
nebo povafenim zatky, ale mnozstvi pfepénéného piva (OV) rostlo
s vyskou kapaliny nad zatkou. BEhem stoupani bublin kapalinou se
zvétSuje jejich objem difuzi oxidu uhli¢itého z kapaliny dovnitf bublin.
Prepénovaci schopnost zatek vyrazné neklesala ani jejich pasteraci,
ani jejich umisténim v kvasici mladiné béhem hlavniho kvaseni (vy-
sledky neuvedeny).

Kromé plynu rozpusténého v kapaliné a plynu v hrdlovém prostoru
existuje dalsi ,faze* mikrobublinek plynu na pevnych éasticich s rtiz-
nou zadrzi v kapaliné. Jeji obdobou je také ,mokra péna“, rozptylena
v pivu po naliti, zpdsobujici tzv. lavinovy efekt.

Pfi dopravé piva potrubim a jeho sta€eni se rovnéz zvySuje obsah
mikrobublinek plynl v pivu a klesa s dalSim ohfevem vzorku. Podle
naseho pozorovani nékteré stacky nepasterovaného piva po stoceni
uvolriovaly CO, rychlosti 2—20 ml/min, ktera po pasteraci klesla na
méné nez 1 ml/min.

solid surface immersed in beer.
The ability to release CO, from the beer did not decline significantly
by stopper wetting or boiling, but the amount of overflowed beer (OV)
grew with the decreasing distance of the stopper above the bottom of
the bottle. The bubble increases its volume by diffusion of dissolved
CO, during the moving up through liquid. Gushing ability of stoppers
did not decline significantly by pasteurization, or placing them in the
fermenting wort during primary fermentation (results not shown).

Besides gas dissolved in the liquid and gas in the headspace,
there is another “phase” of gas microbubbles adhered on solid parti-
cles which form a certain free volume in the liquid. It is similar to very
rare dispersion of wet foam in liquid after its dispensing beer with the
mixture CO, and nitrogen, which is called avalanche effect.

During beer transport in pipe and its bottling the content of gas
microbubbles in beer increases but with further sample heating the
bubbles disappear. According to our observations, some batches
of unpasteurized beer release CO, at speed 2-20 ml/min after
opening the bottle, which declines to less than 1 ml/min after pas-
teurization.

The experimental results showed the gushing initiation by vari-
ous materials, which are not usually present in beer. An important
factor influencing gushing is the residence time of bubbles during
their ascent, which depends on the physical properties of the liquid.
Other beer attributes, such as its viscosity is related to the con-
tent of polymeric materials, e.g. f-glucans may significantly affect
gushing. The gushing intensity is also dependent on the ability of
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Obr. 5 Ztrata hmotnosti piva (0,33 I, 25 °C) po vlozeni suchych (d)
a namocenych (w) pryzovych zatek pfed a po povareni / Fig. 5 Mass
loss of beer (0,33 I, 25 °C) after putting of dry (d) and wetted (w)
rubber stopper before and after boiling
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Obr. 6a Unik CO, ze sycené vody a piva po vloZeni pryzové a sili-
konové zatky / Fig. 6a CO, escape from carbonated water and beer
after putting of rubber and silicone stoppers

Obr. 6b Unik CO, z piva po vlozeni pryzové zétky do 0,33 | piva /
Fig. 6b CO, escape from beer after putting of rubber stopper into
beer (0.33 1)

Vysledky méreni prokézaly iniciaci gushingu také u odliSnych
material(, plvodné nepfitomnych v pivu. Vznik novych koloidnich
zéakall rGzného sloZeni proto mize zpUsobit gushing. Vyznamnym
faktorem je i doba pobytu bublinek béhem jejich vystupu k hladiné,
zavisejici na fyzikalnich vlastnostech kapaliny. Slozeni piva, napf.
jeho viskozita souvisejici s obsahem polymernich latek (nap¥. B-glu-
kan(), muze gushing vyrazné ovlivnit. Intenzita prepériovani navic
zavisi i na sedimentacni schopnosti ¢astic, vyloucenych z piva bé-
hem skladovani. Relativné téZké komplexy oxalatli s polymernimi
latkami piva mohou G¢inné iniciovat gushing.

3.3 Vizualizace uvoliovani CO, na pevnych materialech

Do kadinky se sycenou vodou se vlozily pryzova a silikonova zatka
stejné velikosti. Na obou zatkach se objevily bublinky CO,, které se
postupné uvolnovaly a stoupaly k hladiné. Bubliny na pryzové zatce
meély mensi priimér a uvolnovaly se rychleji, vétsi bubliny dale setr-
vavaly na silikonové zatce. Vzhledem k niz&i hmotnosti silikonové
zatky ulpivajici bubliny vynesly zatku k povrchu, kde bubliny posléze
praskly, zatka se opét ponofila a tento proces se opakoval.

Bubliny Ize ze zatek odstranit zamichanim nebo poklepanim. Z to-
hoto chovani Ize odvodit intuitivni pfedstavu o ,lepidlu®, branicimu
odtrzeni bublin a jeho postupné rozpousténi v pivu. K vypénéni je
nutné prekonat aktivaéni energii, nutnou k vazbé bublinek.

Podobné jako zatky v makro- modelu se pravdépodobné chovaji
i mikro- i nano- koloidni ¢astice s rznym povrchem. O rozdilném
chovani obou zatek rozhodovala pfilnavost bublinek k jejich povrchu
(obr. 6a,b). Pryzova zatka zUstavala na dné a trvale z ni unikaly bub-
linky, pokud neklesl obsah CO, v kapaliné.

Povrch pryZzové zéatky se v sycené vodé i pivu choval jako kata-
lyzator pfenosu CO, z kapalné do plynné faze. O intenzité pfenosu
CO, z kapalné do plynné faze rozhoduje rychlost odtrhavani mikro-
bublin z pevnych &astic, doba jejich existence v kapaliné a rychlost
destrukce bublin na hladinég.

Tento druh chovani se vyskytuje u rliznych &astic, napf. u kvasi-
nek spodniho a svrchniho kvaseni. Kvasni¢né buriky jsou vynaseny
proudem produkovaného CO, k hlading, kde CO, z kvasinek spodni-
ho kvaseni unikne do pény a bunky opét klesaji ke dnu, zatimco kva-
sinky svrchniho kva$eni zlistavaji na hladiné. Shluky cizich kvasinek
na dné ldhve mohou vyvolavat perleni piva. Vyskyt gushingu souvi-
sel také s predcasnou flokulaci kvasnic (Blechova a Havlova, 2005).

Vyznamnym inicidtorem gushingu mohou byt i bubliny inicianich
plynd, jinych nez oxid uhli¢ity. Zakladni model komplexu pevné ¢as-
tice s bublinkami plynli predpoklada riist bubliny na povrchu pevné
Gastice spolu s dalsi produkci CO, kvasenim, nebo difuzi CO, do
bublin jinych plynd s rozdilnou rozpustnosti (kyslik, dusik, vodik),
(Amaha a Kitabatake, 1981). Vzrustajici tlak plynu uvnitf bubliny
zpUsobi zvétSovani jejiho objemu, ¢imz se zvySuije jeji vztlakova sila,
ktera pfekona povrchové napéti na rozhrani mezi bublinou a pevnym
povrchem. Bublina se odtrhne, coz Ize opét urychlit klepnutim, nebo
zamichanim a proces se opakuije.

PFi tomto procesu se mlize inertni plyn vy&erpdavat, pop¥. po jeho
nafedéni na optimalni koncentraci zlistava jeho zbytkovy obsah
konstantni, coz bylo popsano u celulosového vldkna, do néhoz oxid

= the excluded particles to settle
during beer storage. Relatively
heavy complexes with oxalate
compounds can effectively initi-
ate beer gushing.
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3.3 Visualization of the
CO, liberation from solid
i materials

Rubber and silicone stop-
pers of the same size were put
into the beaker with carbon-
ated water. At both stoppers
the bubbles of CO, appeared,
gradually abandoned them and
rose up to the surface. Bub-
bles on the rubber stopper had
a smaller diameter and were
released faster, larger bub-
bles partially remained on the
silicone stopper. Due to the
lower weight the silicone stop-
per was brought with adhering
bubbles to the surface, where
the bubbles eventually burst,
the stopper sank again and the process was repeated.

Bubbles can be removed from the stoppers by stirring or knocking.
This behavior responds to an intuitive idea of some “glue” defending
bubble separation and its gradual dissolution in beer. For bubble re-
lease it is necessary to overcome the activation energy required for
bubbles to be bound.

Micro- and nano- colloidal particles with different kind of surface
probably behave as our stoppers in the macro — model. The differ-
ent behavior of the two materials is caused by different adhesion of
bubbles to their surface (Fig. 6a,b). The rubber stopper stayed at the
bottom, bubbles permanently escaped from it until the CO, content
in the liquid decreased.

The surface of the rubber stopper immersed in carbonated water
or beer acted as a catalyst for the transfer of CO, from a liquid to
a gaseous phase. The intensity of the transfer of CO, from the lig-
uid to gaseous phase depends on ability of microbubbles tearing off
from solid particles, their existence time in the liquid and the destruc-
tion of bubbles on the surface.

This type of behavior occurs in different particles, such as bottom
and top yeast during fermentation. Yeast cells are taken up by CO,
stream to the surface where the CO, from the bottom fermenting
yeast comes into foam and yeast again sink to the bottom, while
the top fermentated yeasts remain on the surface. Flocks of some
foreign yeast at the bottom of the bottle can cause effervescence of
beer. The occurrence of gushing is also associated with premature
yeast flocculation (Blechova and Havlova, 2005).

An important initiator of gushing may be bubbles of other gases
e.g. air. The basic model of gas solid conglomerates supposes the
gas bubbles growth on the particle surface caused by the CO, pro-
duction by fermentation, or by diffusion of CO, into bubbles con-
taining gases with different solubility (oxygen, nitrogen, hydrogen)
(Amaha and Kitabatake, 1981). Increasing gas pressure inside the
bubble will cause enlarging its volume, thereby growth of the buoy-
ancy force, which overcomes the surface tension at the interface
between the bubble and the solid surface. The bubble tears off,
which can be facilitated by click, knock or shaking and the process
is repeated.

In this process, non CO, gas may be gradually exhausted or after
dilution by CO, on the optimal concentration remains constant, which
was described in the case of cellulose fiber to which the carbon diox-
ide diffused through the walls (Devereux and Lee, 2011). Other gas
participation in gushing initiation was confirmed by purging beer with
carbon dioxide, which removed other gases and the susceptibility of
beer to beer gushing was reduced (llberg and Titze, 2009). If the gas
pressure in the headspace grows, CO, escape decreases.

Effect of adsorption of air on a solid surface of the particles cor-
responds to the observation that the CO, escape can be suppressed
by pressurized air even at low partial pressure of CO, in the head-
space and high partial pressure of CO, in the liquid.

3.4 Initiation of overfoaming beer by electrolysis
Two electrodes made of stainless steel were immersed into beer
in the bottle (0.5 I) placed in a beaker. The beer was electrolyzed
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uhligity difundoval pfes jeho stény (Devereux a Lee, 2011). Ugast ini-
cia¢nich plyna pfi vzniku gushingu potvrzuje snizeni nachylnosti piva
ke gushingu probublavanim piva oxidem uhli¢itym bez pfitomnosti
vzduchu (llberg a Titze, 2009). Pokud navic roste tlak v uzavieném
plynovém prostoru nad hladinou, unik CO, se dale zpomaluje.

Vliv adsorpce vzduchu na pevném povrchu ¢astic souhlasi s po-
zorovanim, ze Unik CO, Ize potladit i vnéjSim pretlakem vzduchu pfi
jinak nizkém parcialnim tlaku CO, v plynném prostoru a jeho vyso-
kém tlaku v kapaliné.

3.4 Iniciace vypénovani piva elektrolyzou

Do lahve s pivem (0,5 I) v kadince se vsunuly elektrody z nereza-
véjici oceli, pivo pfi jeho pocateéni teploté 10 °C se po dobu 1 min
elektrolyzovalo proudem 80-100 mA a postup se opakoval s pre-
stavkami po 3 min. V prabéhu pokusu se zaznamenavaly zmény
hmotnosti po Uniku oxidu uhli¢itého a mnozstvi pfeteklého piva OV.

Vysledky potvrzuji vyznam plynd pro uvolfiovani CO,. Nejvice
bublinek se uvolfiovalo na katodé v souladu s tim, Ze bublinky vodiku
vznikaji proti kysliku v dvojnasobném mnozstvi, jsou v pivu prakticky
nerozpustné a nemohou reagovat s pivem. Pfepénovani piva bylo
velmi intenzivni (obr. 7). P¥i preruSeni elektrického obvodu se unik
CO, prakticky zastavil. Pohybem elektrod pfi elektrolyze rychlost uni-
ku CO, vyrazné vzrostla. Bublinky vodiku, uvolnéné ze staniolu na
vnitfnim povrchu korunek, iniciovaly gushing za pfitomnosti dusiku
(Ferdinandus a Gombert, 1962).

Elektrolyza piva opét prokazala vyznam bublinek dalich plyn( pro
uvolfiovani oxidu uhli¢itého z piva. Proto Ize varovat pfed dodate¢nym
rozpousténim vzduchu v pivu, ackoliv jeho &ast se spotfebuje jako kys-
lik a zbytek muze v podobé mikrobublin pfejit do hrdlového prostoru.

3.5 Vliv starnuti piva na jeho prepénovani

Dlouhodobé skladovani piv z rdznych pivovarl prokazalo zvyso-
vani rychlosti tniku CO, z piva po prekrodeni jejich stability (Savel
a Kosin, 2013). Schopnost uvolfiovat CO, v klidu ¢asto souvisela
s vyskytem koloidni sedlinky na dné lahve. Tento trend se vyskyto-
val pravidelné u piv ze stejného pivovaru a souvisel pravdépodobné
s jeho technologickym postupem. Po pfidavku vzduchu do hrdlové-
ho prostoru téchto piv a 48 h trepani (100 kyv(/min) pfi 25 °C se
u nékterych z téchto piv zvysil vyskyt a mnozstvi pfepénéného piva.
Podobné vyskyt zimniho gushingu vzristal se skladovanim piva po
alespori 3 mésice (Amaha a Horiuchi, 1978).

Tyto vysledky souviseji s pozorovanim, ze gushing nékterych piv
vzrista s jeho starnutim a je ho mozné omezit U¢innou stabilizaci.
Lze tézko rozhodnout, zda nachylnost ke gushingu roste zrychle-
nim starnuti piva mechanickym tfepanim, rychlym pfestupem kysliku
nebo dusiku ze vzduchu z hrdlového prostoru do piva, popf. opé-
tovnou vazbou dusiku a kysliku z hrdla lahve na povrch koloidnich
Gastic po tfepani piva.

Spekulativni vysvétleni pfedpoklada i moznost vzniku mikrobubli-
nek kysliku oxidaénimi a redukénimi reakcemi v pivu jako iniciator
pro vznik bublinek CO,. Je zajimavé, Zze hydrofobiny, na kterych
ulpivaji mikrobublinky CO,, obsahuji sirné aminokyseliny a hydro-
fobni ¢astice vulkanizovaného kau€uku obsahuji disulfidické must-
ky. Sirné sloueniny se zucastiiuji oxidace a redukce v bioche-
mickych reakcich. Pfi sledovani vlivu protedz, obsahujicich sirné
aminokyseliny, se jejich inaktivaci potlaéil gushing (Amaha a Ho-
riuchi, 1978). Jako zdroj plynného kysliku na koloidnich &asticich
v pivu mlize pUsobit rozkladajici se peroxid vodiku, vznikajiciho pfi
skladovani piva.

Klasicky ¢lanek popisuje pokles gushingu po stabilizaci nylonem
(Hudson, 1962). Vyskyt gushingu bylo mozné potladit filtraci mla-
diny, coz pfedpoklada spojeni gushingu s tvorbou kolodnich &astic
(Titze a Christian, 2010). V pivu a napojich se vyskytuji ¢astice ve-
likosti nanometr(i az mikrometr(i, na kterych se mohou zachycovat
mikrobublinky plynd, rovnéz s Sirokym rozmezim velikosti a rliznou
dobou stoupani v kapaliné. Experimentalné se zjistilo, ze tfepanim
piva, obsahujiciho oxalat vapenaty, vyrazné vzrlistala nachylnost ke
gushingu (Brenner, 1957).

Uplatfiuji se povrchové napéti i povrchova viskozita na fazovém
rozhrani mezi pevnou fazi, kapalinou a plynem (Gardner, 1972). Na
fyzikalnich vlastnostech kapaliny také zavisi rychlost pohybu uvolné-
nych bublin, do kterych CO, difunduje z kapaliny béhem cesty k je-
jimu povrchu. Mikrobubliny CO, mohou zistavat na povrchu piva
i hromadit se u dna nadoby v zavislosti na fyzikalnich vlastnostech
mikrobublin i kapaliny (Benilov a Cummins, 2012).

Pfedstava ulpivajicich bublin odpovida zastaveni uniku CO, z ka-
paliny po jejim zamichani. Naopak samovolné uvolfovani CO, z piva
se po uzavieni lahve a dosazeni pseudorovnovazného tlaku zastavi.
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Obr. 7 Ztrata hmotnosti piva (0,5 I, 10 °C) po 1 min elektrolyzy
s 3 min prestavkami / Fig. 7 Mass loss of beer (0,5 I, 10 °C) after
1 min electrolysis with 3 min breaks

at 9 V voltage with 80 to 100 mA current for 1 min at the initial tem-
perature of 10 °C and the procedure was repeated with breaks after
3 min. During the experiment, the weight changes were recorded
together with amount of overflowed beer (OV).

The results confirm the importance of kind of gas for the release
of CO,. Most bubbles released at the cathode in accordance with the
fact that hydrogen bubbles were generated in a double amount com-
pared to oxygen, they are in beer practically insoluble and can not
react with beer. Beer overfoaming was very intensive (Fig. 7). When
the electrical circuit was disconnected the CO, escape stopped im-
mediately. By moving the electrodes during electrolysis CO, gas
escape rate increased significantly. Bubbles of hydrogen released
from the inner surface of crown covered with aluminium spot initi-
ated gushing in the presence of nitrogen (Ferdinandus and Gombert,
1962).

Electrolysis of beer bubbles demonstrated again the importance of
other gases for the liberation of carbon dioxide from the beer. There-
fore, it is recommended to prevent air entrance into beer, although
part of the oxygen is consumed but its residue can move through
beer to the headspace in the form of microbubbles.

3.5 Effect of beer ageing on gushing occurence

Long-term storage of beers from different breweries showed in-
creasing rate of CO, escape from the beer after exceeding their
warranty period (Savel and KoSin, 2013). Ability to release CO, was
often related to the occurrence of colloidal sediment on the bottom
of the bottle. This trend occurred regularly for beer from the same
brewery and it was attributed to the technological procedure. After
the addition of air into headspace of some beers followed by 48
h shaking (100 swings/min) at 25 °C increased tendency to beer
overfoaming. Similarly, the occurrence of winter gushing increased
with storage of beer for at least 3 months (Amaha and Horiuchi,
1978).

These results are related to the observation that beer gushing in-
creases with the storage period, which is possible to be reduced by
effective beer stabilization. It is difficult to decide whether the gush-
ing tendency increases with mechanical shaking, rapid transfer of
oxygen or nitrogen in air from the headspace to beer or adsorption
gases on colloidal particles during shaking beer.

A speculative explanation supposes the possibility of formation of
oxygen microbubbles by oxidation and reduction reactions, which
can act as initiators for the formation of CO, bubbles. Interestingly,
the gas microbubbles adhere to hydrophobins, containing sulfur
amino acids or to surface of vulcanized rubber containing disulfide
bridges. Sulfur compounds usually participate in oxidation and re-
duction biochemical reactions. Inactivation of proteases, containing
sulfur amino acids, suppressed beer gushing (Amahs and Horiuchi,
1978). Gaseous oxygen adhered to colloidal particles can be formed
during beer ageing by hydrogen peroxide decomposition.

A classic article describes the decline of gushing after stabiliza-
tion by nylon (Hudson, 1962). Filtration of wort suppresses the oc-
currence of gushing, which implies connection between formation
of colloidal particles and gushing (Titze and Christian, 2010). Mi-
cro- and nano-particles with a wide range of sizes can bond gas
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Obr. 8 Narust tlaku CO, v hrdle lahve po vlozeni suché pryzové zat-
ky do 0,33 I piva (25 °C). Pro porovnani srovnavaci pivo bez zatky
(blank) a pivo s mirnym pfepénénim (OV = 2 ml) bez zatky / Fig. 8 The
pressure growth of CO, in the headspace after putting of dry rubber
stoper into beer (0,33 I, 25 °C). Blank — the sample without beer. For
the comparison beer with slight gushing (OV = 2 ml) without stopper

Béhem skladovani piva se méni struktura vznikajicich koloidnich
¢astic a jejich schopnost vazat mikrobublinky plynd. Tento proces
mUZe ovliviiovat i teplota a mechanicky pohyb &astic. V plvodnich
pracich o gushingu se rozliSoval ,,zimni“ a ,letni“ gushing podle tep-
loty skladovani i vertikalni i horizontalni polohy lahvi. Zimni gushing
indukovalo chlazeni lahvi v horizontalni poloze za pfitomnosti kov(
a vzduchu (Casey, 1996).

V dobé téchto historickych experimentl lahvové pivo obsahovalo
vysoky obsah rozpusténého kysliku. Na tvorbé bilkovinnych zékalo-
tvornych &astic se podilel také vapnik (Hopkins a Berridge, 1949).
Lze predpokladat, Zze za pfitomnosti oxalatu mohou vznikat smésné
konglomeraty ¢astic s vy$si hustotou a indukovat tvorbu bublin ze
dna lahve.

Zakladni predstava ulpivani bublin plyni na pevném povrchu riz-
né pevnou vazbou souhlasi s dosavadnimi pfedstavami na mikro
i makro urovni. Nezavisi pouze na velikosti ¢astic pevného materidlu
a jejich elektrickém naboji, ale také na jejich struktufe. Hydrofobiny
fixované na slidé vytvarely typickou vlaknitou strukturu popf. s bub-
linkami CO,, které se uvolfiovaly do kapaliny (Deckers a Gebruers,
2010; Shokribousjein a Deckers, 2011; Deckers a Venken, 2012).
Povrch pryZze rovnéz vykazoval podobnou vidknitou strukturu (Setua
a Awasthi, 2010).

Vysledky méfeni prokazuji vyznam ucinné stabilizace piva, nebot
vznikajici koloidni ¢astice s vhodnou strukturou mohou vazat bublin-
ky plynu a iniciovat gushing. Jejich vylouéeni snizuje pravdépodob-
nost vzniku aktivnich ¢astic, ackoliv u vétsiny piv s koloidnim zaka-
lem se gushing nevyskytuje.

3.6 Manometrické méreni prestupu CO, mezi kapalnou
a plynnou fazi

Do hrdla ldhve s pivem (0,33 ) se vlozila sucha pryzova zatka,
nechala se klesnout na dno a po odpusténi plynu z hrdla l1dhve se
mefil opétovny narlst tlaku uvolnéného CO, pfi pocatecni teploté
piva 25 °C (obr. 8). V slepém pokusu se méfil narlst tlaku CO, bez
vlozené zatky u stejného piva a lezaku s mirnym pfepénénim (OV =
1 ml, bez zatky).

Po otevfeni lahve s pivem se oxid uhli¢ity obvykle neuvolfiuje, ale
po jejim mirném pohybu, napf. lehkym potfesenim nebo klepnutim,
unikne malé mnozstvi CO,, popf. se hrdlo lahve vyplni pénou a zno-
vu se ustavi plvodni rovnovaha, pokud okolni tlak zlstane stejny.
Po opétovném uzavieni lahve a pohybu se ustavi nova pseudo rov-
novaha. Tento postup lIze vicekrat opakovat, az do dosazeni rovno-
vazného tlaku (Savel, 2004).

Koncentrace oxidu uhli¢itého se obvykle vyjadfuje jeho rozpust-
nosti:

0002 = Peq ) K(t) (1)

kde c,, je koncentrace rozpusténého oxidu uhlicitého, K(t) je tep-
lotni zavislost rozpustnosti oxidu uhli¢itého, P, je parcialni tlak CO,.

microbubbles, which respond to various residential times in beer and
beverages. Experimentally it has been found that agitation of beer
containing calcium oxalate significantly increased tendency to gush-
ing (Brenner, 1957).

Surface tension and surface viscosity of the interface between
the solid, liquid and gas are also important (Gardner, 1972). The
physical properties of the liquid also determine the rise rate of bub-
bles into which CO, diffuses from the liquid during their movement
to liquid surface. CO, microbubbles can remain on the surface of the
beer or accumulate at the bottom of the glass, which depends on the
physical properties of liquid and microbubbles density (Benilov and
Cummins, 2012).

The idea of adhering bubbles corresponds to CO, escape from
the liquid during stirring which ended when stirring was stopped.
Conversely, the spontaneous release of CO, from the beer ended
after the bottle is recrowned pseudo steady pressure was achieved.

During beer storage structure and gas bounding ability of colloi-
dal particles are changed. This process can also be affected by the
temperature and the mechanical movement of the particles. Original
works distinguish between “winter” and “summer” gushing which was
given by storage temperature and the vertical and horizontal position
of the bottles. Winter gushing was induced in beer containing metals
and air by cold storage of bottles in a horizontal a horizontal position
in refrigeration (Casey, 1996).

At the time of these historical experiments bottled beer contained
a high content of dissolved air. The formation of protein haze par-
ticles was also related to calcium content (Hopkins and Berridge,
1949). We can assume that in the presence of oxalate heavy parti-
cles may be formed capable of bubble formation from the bottom of
the bottle.

The basic idea of gas bubbles adhered with different strength to
solid surface agrees with previous ideas at the micro and macro
level. Hydrophobins fixed on mica formed typical fibrous structure
with bubbles of CO, which were able to be released into the liquid
(Deckers and Gebruers, 2010; Shokribousjein and Deckers, 2011;
Deckers and Venken, 2012). Rubber surface also showed a similar
fibrous structure (Setua and Awasthi, 2010).

The results confirm the importance of effective stabilization of
beer, since the colloidal particles may bind gas microbubbles and
take part in gushing initiation. Their elimination decreases the prob-
ability of gushing active particles occurence, although the majority of
beers with colloidal haze does not overfoam.

3.6 Manometric measurement of CO, transfer between the
liquid and gas phase

Dry rubber stopper was put in the neck of the bottle with beer
(0.33 1), let fall to the bottom and pressure growth in closed bottle
was recorded at an initial temperature of beer 25 °C (Fig. 8). The
blank bottle without stopper was used to measure pressure growth
of CO, in the same beer and in another lager showing mild gushing
(OV =1 ml, without stopper).

After opening a bottle with non gushing beer carbon dioxide is not
usually released, only small amount of foam appears in the neck
of the bottle eventually and CO, remains dissolved at atmospheric
pressure. After resealing the bottle and its movement new pseudo
equilibrium pressure is established. This procedure can be repeated
for several times, until the final equilibrium pressure responding to
CO, solubility is reached (Savel, 2004).

The carbon dioxide concentration in beer is usually expressed by
its solubility:

0002 = Peq ) K(t) (1)

where ¢, is the concentration of dissolved carbon dioxide, K(t) is
the temperature dependence of carbon dioxide solubility, P, is the
partial pressure of CO.,.

The brewers traditionally use Haffmans(v formula for calculating
the concentration of carbon dioxide in beer:

P.,+101.325

2617.25
)
100

Co =P, K, (t)= L2 ee
0z — e a‘"‘()[ t+273.15

J- exp(—1 0.7397 +

where c,, is the carbon dioxide concentration in % wt., p., is the
equilibrium pressure of carbon dioxide in the gaseous phase in kPa .
Katm gives the concentration of CO, in the beer at zero gauge pres-
sure i.e. at normal atmospheric pressure P, = 101.325 kPa.
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V pivovarstvi se tradi¢né pro vypoCet koncentrace oxidu uhli¢itého
pouziva tzv. Haffmans(v vzorec:

p.+101,325 2617,25
Coo, =Peq 'K = -10,7397 + 7' 2
CO, atm( ) ( 100 exp 273 15 ( )

kde ¢, je koncentrace oxidu uhlic¢itého v % hm., p,, je rovnovazny
pretlak oxidu uhligitého v plynné fazi v kPa. K, udava koncentraci
CO, v pivu pfi jeho nulovém pretlaku, tj. normalnim atmosférickém
tlaku P,,,, = 101,325 kPa.

Né&chylnost piva ke gushingu souvisi se stupném nasyceni piva
oxidem uhli¢itym vzhledem k normalnimu atmosférickému tlaku.
Koncentrace CO, v okolnim vzduchu je sice pomérné nizka, ale po
otevieni lahve se jim vzduch z hrdla lahve odstrani. Proto Ize stupen
nasyceni kapaliny oxidem uhli¢itym definovat jako:

Pa _ Peg +101325
P 101,325

atm

s=

@)

Pro pfesyceny roztok je s > 1. Podle tohoto vzorce zavisi stupen
pfesyceni na teploté podle vztahu:

(4)

$=Ceo, -exp[10,7397— 2617’25)

273,15

kde c¢,, (%) je obsah CO, v roztoku, t je teplota (°C).

Oxid uhI|C|ty se pr| pokolove teploté obvykle samovolné uvolfiuje
ze sycené vody jiz pfi obsahu nad 0,5 % (s = 3,1) pfi niz8§im stup-
ni nasyceni nez z piva, u néhoz se CO, samovolné uvolni az pfi
koncentraci nad 1 % (s = 6,1). Pfesto pfidavek piva k sycené vodé
podporuje uvolfiovani CO, ze sycené vody.

U nékterych piv (znamé belgické pivo Orwal) je mozné dosahnout
koncentrace CO, az 10 g/l, aniz by pivo po otevfeni lahve pfepénilo.
Pivo zifejmé obsahuje latky potlacujici i podporujici unik CO,. Vrstva
bublin na povrchu pevného materialu brani pfechodu rozpusténého
CO, do plynné faze, ale jejich odstranéni zvysuje proto jeho pfenos
mezi kapalnou a plynnou fazi.

Stejny ucinek mohou mit latky a zasahy, uvolfiujici (odlepujici)
bublinky CO, z povrchu materialu.

Potlaceni uniku oxidu uhli¢itého z pevného povrchu v jeho presy-
ceném roztoku forméalné odpovida niz§imu parcialnimu tlaku CO,,
vazanému k pevnému povrchu, coz se zdanlivé projevi jako niz§i
koncentrace CO, v kapaliné a nizsi pseudorovnovazny tlak. Odstra-
nénim bublin CO, z povrchu se zvysi pseudorovnovazny tlak CO,
nad kapalinou. Opakovanim tohoto postupu se prfes zvySujici se
pseudorovnovazné tlaky dosahne rovnovazného tlaku, odpovidaji-
ciho rozpustnosti CO, v kapaliné.

Napf. pfi sledovani vlivu koncentrace kfemeliny na dosaZeni pseu-
dorovnovazného tlaku v lahvi s pivem odpovidaly vysledky méfeni
vztahu (Savel, 2004):

=(p' -p,)e "’ (5)

kde p je aktudlni parcialni pfetlak CO, s pseudorovnovaznou hod-
notou p* nad kapalinou, k je kinetick& konstanta pfenosu CO,, V je
objem hrdlového prostoru, a p, je po¢atecni pretlak CO, nad kapali-
nou. Po otevieni lahve pfi normalnim atmosférickém tlaku je p, = 0
a po dosazeni rovnovazného pfetlaku napt. tfepanim je p* = p,, po-
dle vztahu (2).

Manometricka metoda predstavuje dalsi moznost méfeni naklon-
nosti piva ke gushingu. Jeji vyhodou je moznost opakovat méfeni
s jedinym vzorkem, nebot odpusténi tlaku z hrdla zptsobi jen maly
pokles obsahu oxidu uhli¢itého v pivu.

(P -p)

4 ZAVER

¢ Nové navrzena metoda rychlosti uniku CO, vyuziva méfeni ztraty
hmotnosti piva po otevreni lahve.

* Rychlost uniku CO, z piva souvisi s nachylnosti piva ke gushingu,
a proto se mliZze vyuzit k jeho predpovédi.

o Dalsi plyny (dusik, kyslik), vazané na pevné ¢astice v pivu, iniciuji
unik oxidu uhli¢itého z piva a jeho gushing.

e QOdstranéni bublinek téchto plynd z pevnych ¢astic mize potlacit
vznik gushingu.

e Pfenos oxidu uhli¢itého z kapaliny do plynné faze zavisi na dobé
pobytu mikrobublin v kapaliné béhem jejich vystupu ke hlading,
coz Ize ovlivnit slozenim piva.

Susceptibility to beer gushing depends on degree of saturation of
beer with carbon dioxide in relation to normal atmospheric pressure.
CO, concentration in ambient air is relatively low, but after the bottle
is opened air from the bottle is removed. Therefore, the saturation
level of the liquid with carbon dioxide is defined as:

P, P, +101.325
P~ 101.325

atm

S=

©)

For the supersaturated solution is s> 1. According to this formula
the degree of supersaturation depends on the temperature accord-
ing to the relation:

$=Cgo, * exp(1 0.7397 - 261725)

4
273.15 @

where c¢,_ (%) is the CO, content in the solution. tis the temperature
(°C).

Carbon dioxide is usually spontaneously released from the car-
bonated water even at ambient temperature which responds to con-
tent above 0.5% wt (s = 3.1) which is lower level than the saturation
of beer, in which CO, is spontaneously released only at concentra-
tions above 1% (s = 6.1) . Despite the addition of beer to carbonated
water promotes the release of CO, from carbonated water.

In some beers (i.g. Belgian beer Orwal) the CO, concentration
to 10 g/l can be achieved without a beer overfoaming after open-
ing the bottle. The beer probably contains compounds supporting
or inhibiting CO, escape. The layer of bubbles on the surface of
the solid material prevents the transfer of dissolved CO, into gas
phase, but bubbles removal recovers transfer between liquid and
vapor phases.

The same effect may have substance and interventions, releasing
(peeling) CO, bubbles from the surface of the material.

Suppression of carbon dioxide liberation from the solid surface
in a supersaturated solution formally corresponds to a lower patrtial
pressure of CO, bound to a solid surface, which is apparently mani-
fested as a lower concentration of CO, in the liquid and lower pseudo
equilibrium pressure. Removal of CO, from the surface of bubbles
increases pseudo equilibrium pressure of CO, above the liquid. By
repeating this procedure, despite the increasing pseudo-equilibrium
reaches equilibrium pressure corresponding to the solubility of CO,
in the liquid.

Addition of kiesulguhr to beer enables to reach pseudo equilibrium
pressure in a bottle of beer which responds to relationship (Savel,
2004):

(P —p,)eV (5)

where p is the actual partial overpressure (gauge pressure) of CO,
with a pseudo equilibrium value p* to be reached above the liquid ,
k is the kinetic constant of the transfer of CO, into headspace, and p,
is the initial CO, pressure above the liquid. After opening the bottle at
normal atmospheric pressure, p, = 0 and equilibrium pressure may
be reached for example by shaking the P, = p* by equation (2).

Manometric method is another possibility to measure the tendency
to beer gushing. Its advantage is the ability to repeat the measure-
ment with the same sample, because CO, escaped from the head-
space before measurement repetition causes only a small decrease
of the carbon dioxide content in beer.

(P -p)=

4 CONCLUSIONS

e The newly proposed method uses CO, escape rate measurement
based on weight loss determination after opening bottle of beer.

e The escape rate of CO, is related to the tendency of beer to gush-
ing and therefore it can be used for its prediction.

e Other gases (nitrogen, oxygen) bound to solid particles in beer
initiate carbon dioxide escape from the beer and the gushing.

e Removal of the gas bubbles from solid particles could suppress
beer gushing.

e Transfer of carbon dioxide from the liquid to the gaseous phase
depends on the residence time of microbubbles in the liquid during
their rising up to the surface, which can be affected by the compo-
sition of the beer.

e The particles formed during beer ageing can take part in gushing
and the beer effective stabilization might suppress the tendency
toit.
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® Rozhodujici vyznam pro vznik gushingu ma povaha ¢&astic, vzni-
kajicich pfi jeho starnuti, a proto mGze G¢inna stabilizace piva gu-
shing potlagit.

o VyS8Si sedimentacni rychlost vznikajicich ¢astic, napf. komplexu
oxalatu s bilkovinami piva podporuje unik CO, piva a gushing, ne-
bot se prodluzuje draha bublinek stoupajicich v lahvi s pivem.

Seznam symboli

Jednotky symboll se uvadeéji ve tvaru, obvykle pouzivaném v kon-
trolni praxi. Vypoctové vzorce predpokladaji platnost mezinarodni
mérovou soustavu (Sl), pfi pouziti technickych jednotek se vzorce
musi doplnit o pfepoctové faktory.

Ceo, koncentrace rozpusténého CO, % hm.

eq rovnovazny tlak CO, kPa
Peq rovnovazny pfetlak CO, kPa
Paim normalni atmosféricky tlak 101,325 kPa
Kam(t)  rozpustnost CO, pfi tlaku P, a teploté t

% hm.

t teplota °C
s stuperi nasyceni kapaliny CO,
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