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Savel, J. — Kosin, P. — Broz, A.: Samovolny tnik oxidu uhliéitého z piva a gushing. Kvasny Prum. 59, 2013, &. 2, s. 33—40.

Unik oxidu uhligitého z lahve po jejim otevieni se mé&fil jako ¢asova zavislost unikajiciho plynu, nebo objem vynesené kapaliny pfes
okraj lahve. Vysledky potvrzuji vyznam pevnych ¢astic a vazby plynl na jejich povrchu pfi samovolném Uniku oxidu uhlic¢itého z piva
a sycené vody, ktera neobsahuje hydrofobiny. Tento mechanismus se mize uplatnit u anorganickych i organickych latek véetné celulosy
a aktivniho uhli, které Ize povazovat za tepelné degradovanou celulosu. Malé ¢astice celulosy mohou byt soucasti piva, a k jejich vzniku
mUzZe prispivat i napadeni zrn plisni. Rozpad stén zrn sladu se muze urychlit prorlistanim plisni za tvorby nano- a mikro¢astic celulosy.
Rychlost uvolfiovani oxidu uhli¢itého zavisi na dalsich faktorech, jako jsou jeho koncentrace, pfitomnost dal$ich plynl (napf. vzduchu),
teplota, mechanicky pohyb, sloZeni piva a zasoba plyn(i vazanych na povrchu nerozpustnych ¢astic. Uplatriuje se také koncentrace
mikrobublinek a rychlost jejich stoupani, nebot pfi pohybu v kapaliné se difuzi obohacuji oxidem uhli¢itym a tim snizuji jeho koncentraci
v roztoku. Méfeni objemu unikajiciho CO, mize slouzit ke studiu faktord indukujicich, nebo potlacujicich gushing.

Savel, J.— Kosin, P.— Broz, A.: Spontaneous liberation of carbon dioxide from beer and gushing. Kvasny Prum. 59, 2013, No. 2, p. 33—40.

Release of carbon dioxide from beer bottle after its opening was measured as the rate of gas liberation or the liquid volume displacement
from the bottle. Results confirm the importance of solid particles and gases that are bonded on their surfaces during spontaneous liberation
of carbon dioxide from beer and carbonated water, which does not contain any hydrofobins. Such a mechanism can be applied to inorganic
and organic substances including cellulose and activated charcoal, which can be considered as thermally degraded cellulose. Small cellu-
lose particles may be part of the beer, and their formation may also be enhanced by mold infection of grains. The degradation of malt grain
walls can be accelerated by penetration of fungi that might produce nano and microparticles of cellulose. Rate of carbon dioxide liberation
also depends on other factors, such as its concentration, the presence of other gases (e.g. air), the temperature, mechanical movement,
beer composition and the supply of gases bounded to the surface of insoluble particles in beer. Its role also has the concentration of micro-
bubbles and the speed of their movement, at which microbubbles can be enriched by diffusion of CO,, of which concentration in the liquid
declines. Measurement of CO, liberation rate can be helpful during studies of factors inducing or suppressing gushing.

Savel, J. — Kosin, P. — Broz, A.: Das Spontanentweichen des Kohlendioxids aus dem Bier und Gushing. Kvasny Prum. 59, 2013,
Nr. 2, S.33-40.

Als die Zeitabhangigkeit des entweichenden Gases oder der austretenden Flussigkeit aus der Miindung einer geéffneten Flasche, wurde das
Entweichen des Karbondioxids gemessen. Die Ergebnisse haben die Bedeutung der festen Teilchen und Gasbindungen an ihren Oberflachen
wahrend des Spontanentweichens des Kohlendioxids aus dem Bier und des karbonisierten Wassers ohne Hydrophobine bestatigt. Dieser
Mechanismus kann auch bei den anorganischen und organischen Stoffen einschlieBlich der Zellulose und Aktivkohle, was als thermisch degra-
dierte Zellulose betrachtet werden kann, angewandt werden. Die kleine Teilchen Zellulose kdnnen ein Teil des Bieres sein, zu ihrem Entstehen
kann Schimmelpilz des Kornes beitragen. Der Wandzerfall des Malzkornes kann unter der Bildung von Nano- und Makroteilchen der Zellulose
durch die Schimmelbildungsverwachsung beschleunigt werden. Die Geschwindigkeit der Kohlendioxidfreilegung hangt von den anderen Fakto-
ren ab, z. B. von der Konzentration des Kohlendioxids, der Anwesenheit von anderen Gasen z. B. Luft, Temperatur, mechanischer Bewegung,
Bierzusammensetzung und von der Menge auf der Oberflache der unlésbaren Teilchen gebundenen Gasen u.s.w. ab. Die Konzentration
der Mikroblasen und die Geschwindigkeit ihrer Steigung sich auch durchsetzt, weil durch die Diffusion wahrend der Blasenbewegung in der
Flissigkeit nimmt die Konzentration des Kohlendioxids in Blasen zu, damit wird die CO, Konzentration in der Lésung reduziert. Zum Studium
von Faktoren, die unterstiitzen oder unterdriicken Gushing, kann die Volumenmessung des entweichenden Kohlendioxids angewandt werden.

Kli€ova slova: gushing, pivo, dekarbonizace, pritokova rychlost
CO,, celulosa, aktivni uhli, sycené napoje, mikrobublinky

1 UVOD

Po opatrném otevieni lahve s pivem klesne tlak plynu v hrdle Iah-
ve na hodnotu okolniho tlaku a z pfesyceného roztoku zvolna unika
oxid uhli¢ity. Rychlost Uniku oxidu uhli¢itého je zpravidla vy$si, nez
odpovida jeho ztraté difuzi. Extrémnim projevem rychlého uniku CO,
z piva je tzv. gushing.

Prepénovani piva (gushing, overfoaming, overfobbing) je jev zmi-
novany v pivovarské literatufe pfes 110 let, ackoliv prvni zminky
o jeho vyskytu existuji jiz od doby pocatku staceni piva do lahvi.
Podstatou gushingu je nahla pfeména rozpusténého oxidu uhli¢itého
v napoji na plyn. V poslednich letech nabyva gushing na vyznamu
i pfi vyrobé ostatnich sycenych ndpoju a jeho vyskyt ma negativ-
ni ekonomicky dopad (Kunert a Sacher, 2000; Rath, 2009; Winkel-
mann a Hinzmann, 2009).

Gushing predstavuje vyznamnou vyzvu vyzkumnym a vyvojovym pra-
covnikim, ktefi véak dosud tento problém zcela nevyfesili. ReSeni navic
ztézuje sezonni povaha gushingu, ktera zvySuje Usili feSitele pouze pfi
vétSim vyskytu reklamaci piva, vypénujiciho po otevreni lahve. Gushing
se nejcastéji zmifuje u lahvi, ale Ize se s nim setkat i u plechovek.

Pro studium gushingu maji proto vyznam i staré studie, nebot
umozniuji porovnat tehdejsi vysledky s moderni technologii a odlisit
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1 INTRODUCTION

After careful opening of the beer bottle the pressure in the head
space drops to the ambient pressure and carbon dioxide slowly es-
capes from the supersaturated solution. CO, liberation rate is usually
higher than the loss caused by diffusion. An extreme manifestation
of rapid escape of CO, from beer is called gushing.

Beer gushing (overfoaming, overfobbing) has been mentioned in
brewing literature for over 110 years, although the first remarks of
its occurrence come from the beginning of the beer bottling. The
principle of gushing is a sudden transformation of dissolved carbon
dioxide to gas. Gushing has become more important also in the
production of other carbonated beverages, and its occurrence has
a negative economic impact (Kunert and Sacher, 2000; Rath, 2009;
Winkelmann and Hinzmann, 2009).

Gushing represents a significant challenge for scientists. The so-
lution is complicated by the seasonal nature of gushing, because
researchers increase their effort only after a higher incidence of com-
plaints on overfoaming beer. Gushing is most often mentioned in
bottles but canned drinks can also be affected.

Old studies are very important for recent ones because they al-
low to evaluate the influence of modern technologies in brewing and
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Obr. 1 Méfeni objemu plynu
(GV) samovolné unikajiciho
z lahve piva po otevreni / Fig. 1
Measurement of gas volume
(GV) spontaneously escaping
from bottle after opening

Obr. 2 Méfeni objemu kapaliny
(DV) vytlaéeného z lahve samo-
volnym Unikem oxidu uhli¢itého
/ Fig. 2 Measurement of displa-
ced volume (DV) from bottles
with spontaneous carbon di-
oxide release

tak vlivy, které se mohly objevit az s modernim sladafstvim a pivo-
varstvim. V literatufe existuji jednotlivé ¢lanky, souhrny a prehledy
o gushingu (Amaha a Kitabatake, 1981; Casey, 1996; Pellaud, 2002;
Gastl a Zarnkow, 2009; Winkelmann a Hinzmann, 2009; Deckers
a Gebruers, 2010; Christian a Titze, 2011).

Klasické rozdéleni na primarni (pochazejici ze sladu) a sekundar-
ni (ostatni) gushing neni vzdy jednotné. Nékdy se primarni gushing
vztahuje k zakladnim surovindm pivovarské vyroby, jindy pouze ke
sladu.

Za nejdulezitéjsi faktor se povazuje druh sladu, ktery se mlze pro-
jevovat individualné i v sezénnich vinach pfipominajicich epidemie.
Uplatniuji se sladové bilkoviny, proteolyticka aktivita sladu a jeho via-
ha, coz jsou latky, ovliviujici i rozvoj mikroorganism.

VSeobecné se zmirfiuje zavislost s po¢asim béhem sklizni jeCme-
ne. S rozvojem analytické techniky se rozSifovaly poznatky o po-
vaze latek vyvolavajicich gushing. Pfes velké mnozstvi poznatku
se jednotlivé vlivy nepodafilo vzdy potvrdit (Bélakova a BeneSova,
2012).

Mikroorganismy izolované z jeCmene a pfidavané do maceci
vody pfi mikrosladovacich zkouskach vyvolavaly gushing piva va-
feného z téchto sladd v rdzném rozsahu (Campenhout a Iseren-
tant, 1998). Za nejvyznamnéjsi kontaminaci se povazovala plisen
rodu Fusarium.

Klicovy vyznam maji bilkovinné faktory produkované plisnémi
a vyvolavajici gushing. Nalezi k nim hydrofobiny, nespecificky pro-
tein reagujici s lipidy (ns-LTP) a tzv. fungispuminy (Shokribousjein
a Deckers, 2011).

Situaci dale komplikuje poznani, Ze i hydrofobiny mohou agrego-
vat a tim vytvaret komplexy s misty s rdznou smacenlivosti, nebot
tato vlastnost je zakdédovana jiz do monomer( hydrofobinG (Shokri-
bousjein a Deckers, 2011). Dosud nevyfeSena je i uloha shlukovani
celkU tfislobilkovinnych komplexud pfi starnuti piva ve vztahu ke gu-
shingu.

Vyznam maji také vSechny latky, ovliviujici pénivost, napf. horké
latky, pénotvorné bilkoviny, linaool, chmelové silice apod. (Pellaud,
2002). Hydrofobiny se pravdépodobné mohou uplatiiovat pfi tvorbé
pény i pfi uvolfovani plynu z nukleacénich center.

Praskovité materidly hraji pfi uvolfiovani oxidu uhli¢itého z rozto-
ku vyznamnou roli. Dosud se velka pozornost vénovala podminkam
existence mikrobublinek v kapaling, a¢koliv vyznam pseudoklasické,
nebo neklasické nukleace, vychazejici z interakce pevna latka/plyn
se vSeobecné uznava (Jones a Evans, 1999). Ve starsi literatufe
se uvadeély tfi druhy nukleaénich center pro usnadnéni Uniku oxidu
uhli¢itého z roztoku (Gardner, 1973):

e druh 1: pevné hydrofobni ¢astice
e druh 2: plyny absorbované na pevném povrchu
e druh 3: stabilizované mikrobubliny.
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malting industry. Various articles, abstracts and summaries of gush-
ing can be found in literature (Amaha and Kitabatake; 1981; Casey,
1996; Pellaud, 2002; Gastl and Zarnkow, 2009; Winkelmann and
Hinzmann, 2009; Deckers and Gebruers, 2010; Christian and Titze,
2011).

Classical division into primary (originating from malt) and sec-
ondary (other) gushing is not always uniform. Primary gushing is
sometimes related to all basic raw materials, other times to malt
only.

The most important gushing factor is the kind of malt, which may
be expressed individually or in seasonal waves resembling epidem-
ic. Malt proteins, proteolytic activity of malt and malt moisture affect
gushing potential through interaction with the development of malt
microorganisms.

Gushing potential is connected with the weather conditions dur-
ing the harvest of barley. Knowledge about the nature of gushing
factors developed with the development of analytical techniques.
Despite the large amount of information available, the individual
effects could not always be confirmed (Bélakova and BeneSova,
2012).

Microorganisms isolated from barley and added to the steep-
ing water at micromalting tests induced gushing of beer brewed
from these malts in variable extent (Campenhout and Iserentant,
1998). The most significant contamination was considered fungi
Fusarium.

Crucial gushing factors are proteins produced by molds, like hy-
drofobins, nonspecific lipid transfer protein (ns-LTP) and the fung-
ispumins (Shokribousjein and Deckers, 2011).

The situation is further complicated, because hydrofobins may ag-
gregate and form complexes with different hydrofobicity, since this
feature is already encoded into monomer structure of hydrofobins
(Shokribousjein and Deckers, 2011). The unsolved problem is the
relation between gushing and polyphenol-protein complexes devel-
oped during beer aging.

Also relevant are all substances that affect foaming, such as foam
proteins, bitter substances, linalool, hop oils, etc. (Pellaud, 2002).
Hydrofobins play role during the foam development and also during
the release of gas from nucleation centers.

Powdery materials are important in the release of carbon dioxide
from the solution. Three types of nucleation centers for the release
of carbon dioxide from solution can be found in the older literature
(Gardner, 1973):

e type 1: a solid hydrophobic particles
e type 2: gas absorbed on a solid surface
e type 3: stabilized microbubbles.

Although there are various methods for gushing measurement, re-
search tries to predict gushing from barley or malt. Secondary line
of research focuses on the practical eliminations of gushing during
beer production. One possibility is the mixing of raw materials and
intermediate products of beer production (Christian and Titze, 2012;
Broz and Kosin, 2012).

2 MATERIAL AND METHODS

2.1 Laboratory gasometer for measuring the liberation rate of
CO, from bottle

Bottle with beer or carbonated beverage is opened slowly and af-
ter a preset interval (usually 30 seconds) a stopper with three-way
valve is inserted into the neck, connected by a thin tube with a meas-
uring cup (60 mL plastic syringe with graduated scale), filled with
water and immersed in a beaker in inverted position (Fig. 7).

Liberating gas displaces water from the cup, which floats, be-
cause the water level in the cup and the beaker are at the same
height and the pressure in cup equals to the ambient atmospheric
pressure. The cup can be connected with the surrounding atmos-
phere if necessary and filled with water and the measurement can
be repeated as needed. The gas volume and time are recorded
during measurement, which starts by sealing the stopper. The
volume of liberated CO, is called a gas volume (GV) measured
at 20 °C.

2.2 Measurement of the volume of liquid displaced from bottle
by liberated CO,

Bottle with beer or carbonated beverage is opened slowly, to the
neck is loosely inserted stopper with tube connected to a measuring
cup (plastic syringe, Fig. 2) and after a preset interval (usually 30
seconds) the stopper is pushed into the bottle neck.
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Ackoliv existuji rizné metody méfeni gushingu, vyzkum se snazi
pfedpovédét gushing pfimo z jeémene, nebo sladu. VedlejSi smér
vyzkumu se zaméfuje na praktické omezeni gushingu pfi vyrobé
piva. Jednou z moznosti je miseni surovin a meziproduktt vyroby
piva (Christian a Titze, 2012, Broz a Kosin, 2012).

2 MATERIAL A METODY

2.1 Laboratorni plynojem pro méfeni tiniku CO, z lahve

Lahev s pivem nebo sycenym napojem se zvolna otevie a po zvo-
lené prestavce (obvykle 30 s) se do hrdla vsune zatka s trojcestnym
kohoutem, spojenym tenkou hadi¢kou s odmérnou nadobkou (60 ml)
plastové injekéni stfikacky, naplnénou vodou a ponofenou do kadin-
ky v obracené poloze (obr. 1).

Unikajici plyn vytlacuje vodu z nadobky a nadnasi nadobku tak,
Ze hladiny vody v nadobce a kadince jsou ve stejné vySce, takze
tlaky v nadobce a okolni atmosfére jsou stejné. V pripadé potieby se
propoji nadobka s okolni atmosférou, naplni vodou a méfeni se po-
dle potfeby opakuje. BEhem méfeni se zaznamena zavislost objemu
plynu na ¢ase, méfeném od utésnéni zatky. Objem uniklého CO, se
oznaduje jako plynovy objem (GV — gas volume), méreny pfi 20 °C.

2.2 Méfeni objemu kapaliny, vytlacované z lahve unikajicim CO,

Lahev s pivem nebo sycenym napojem se otevie bez otfesu, do
hrdla se volné vlozi zatka s trubi¢kou spojenou s odmérnou nadob-
kou injekéeni stfikacky (obr. 2) a po zvolené prestavce (obvykle 30 s)
se zatka dotlaci.

Unikem oxidu uhli¢itého se v hrdlovém prostoru zvySuije tlak v 1&hvi
a nadobka se plIni pivem, doba plnéni se méfi od dotlaeni zatky
do lahve. Pokud kapalina po otevfeni lahve pretece, zaznamena se
pretekly objem a pozdéji pfi¢te k objemu kapaliny v odmérné nadob-
ce. Po naplnéni nadobky kapalinou se povolenim zatky opét pivo

By the liberation of the carbon dioxide the pressure is increased
in the bottle head space and cup is filled with beer, filling volume
and time are measured from the pushing of stopper to the neck.
If liquid overflows immediately after opening the bottle, the over-
flowed volume is added to the volume of liquid in measuring cup.
After the whole cup is filled with liquid, it can be emptied by re-
leasing the stopper and measurement can continue. The result of
experiment is time dependence of displaced fluid volume, which
corresponds to the amount of released CO, and is called Displaced
Volume (DV).

2.3 Sampling and storage of samples

Bottles (0.5 liters) of seven Czech lagers, labeled A through
G, were bought in retail and stored for 1-6 months at 20 ° C. As
a sample from one batch were considered two beer bottles from one
bought crate.

Carbonated water with CO, content 6 g/l was prepared in tap wa-
ter saturation system and then filled into glass bottles (0.5 I) with
crown (and recrowned). Iced water for dilution of carbonated water
and beer was prepared by decanting tap water into bottles and cool-
ingto 1 °C.

2.4 Powder and solid material

Activated charcoal (AC) (Charcoal decolorizing, Acros Organics,
USA), boiling stones with average weight 25 mg (Merck, Germany),
powdery cellulose (CE) (C 8002, Sigma, USA) and brewery spent
grains dried at 105 ° C.

2.5 Moistening of powder and solid materials

Powdery adsorbent materials were stirred in deionized water
(0.1%) or boiled for 30 min under reflux condenser. When boil-
ing is not mentioned in description, the water suspension was
not boiled. Boiling stones were moistened in the same way as
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powder absorbents. After cooling, the
suspension or stones were dosed to bot-
tles with beer and the liberation of gas or
displacement of liquid from the bottle was
measured.

3 RESULTS AND
DISCUSSION

3.1 Liberation of carbon dioxide from
different beers

The liberation rate of CO, was measured
after opening bottles with various brands,
which were stored at 20 °C for 1, 3 and 5
months; each sample in duplicate (7ab. 7).

The liberation rate of CO, from beer
opened slowly and without shock depend-
ed on the brand, beer batch and to small-
er extent differed among bottles of one
batch, positive effect of storage time was

confirmed only in some samples. Typical
gushing showed only beer from brewery D
(> 6 ml/min). Decisive parameter is the initial
rate of gas liberation; over 5 ml/min leads

Obr. 3 Zavislost vytlateného objemu DV na €ase pro riizné koncentrace (0,2; 1 a 2 mg/l) na-
mocené celulosy (CE) a aktivniho uhli (AC) v pivu / Fig. 3 Dependence of displaced volume
(DV) on time for different concentrations (0.2; 1 and 2 mg/l) of moisten cellulose (CE) and

activated charcoal (AC) in beer

to foam achieving over the edge of a beer
bottle; above 10 ml/min leads to overflow of
beer, which can be regarded as a manifesta-
tion of gushing.

Tab. 1 Rychlost samovolného uniku oxidu uhli¢itého po otevieni lahve / Liberation rate of CO, after opening the bottle

Skladovani Unik CO, (GV, ml/10 min), znaéky piva A-G / Liberation rate of CO, (GV, ml/10 min), beer brand A-G

(“;;r':;()e/ Lahev / A B c D E F G
(Months) Bottle

1 1 2 0 1 36 8 0 0
2 4 2 2 28 0 0 0
3 1 30 2 4 16 10 2 40
2 10 8 10 22 0 2 30
5 1 8 4 0 >60 0 0 10
2 40 0 0 >60 0 0 5
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vypusti do lahve a méfeni se podle potfeby
opakuje. BEhem méfeni se zaznamena za-
vislost vytlaené kapaliny na ¢ase. 20

Objem kapaliny v néadobce se pfiblizné
rovna mnozstvi uniklého oxidu uhli¢itého
Z napoje pfi pretlaku odpovidajicimu vysce
kapaliny nad hladinou v lahvi a oznacuje se
jako vytlateny objem (DV — displacement
volume).

200

2.3 Odbér a ulozeni vzork

Lahve (0,5 I) sedmi eskych lezaku, ozna-
¢enych A az G, se nakoupily v maloobcho-
du a skladovaly po dobu 1 az 6 mésicu pfi 100
20 °C. Za vzorek jedné Sarze piva se pova-
zovala zakoupena prepravka s pivem, z niz
se nahodné vybraly dvé lahve. Sodova voda
s obsahem (6 g/l CO,) se pfipravila sycenim
vodovodni vody v pratokovém karbonizatoru
pfi 5 °C a sto¢enim do lahvi (0,5 1), které se
uzaviely korunkou. Ledova voda pro fedéni 0
sycené vody a piva se pfipravila stoéenim
vodovodni vody do lahvi a ochlazenim na
1°C.

DV (mi)

50

—0—BEER_1

—o0=B1_CE(a)

—e—B1_CE(b)
(| —e—BEER_2

—o=—B2_AC(a)
—+—B2_AC(b)

2.4 Praskovité a pevné materialy

Aktivni uhli  (AC) (Charcoal decolori-
zing, Acros Organics, USA), varni kamin-
ky (Merck, Némecko), praskovita celulosa
(CE), (C 8002, Sigma, USA) a provozni mla-
to, ususené pfi 105 °C.

2.5 Zvlhéeni adsorpénich materialt

Praskovité adsorpéni materidly se rozmichaly v deionizované vodé
(0,1 % hm.) a vafily 30 min pod zpétnym chladi¢em. Pokud u vzor-
ku neni uvedeno povareni, jedna se vzdy o nepovafenou suspenzi.
Stejnym zpusobem se zvlhéovaly varni kaminky. Po vychladnuti se
suspenze nebo varni kaminky davkovaly do lahve s pivem a méfil
se unik plynného CO,, nebo mnozstvi kapaliny vytlacené unikajicim
CO,. Varni kaminky se pfidavaly do piva vhozenim 1 kaminku (stfed-
ni hmotnost 25 mg) do 0,5 | lahve (50 mg/l).

3 VYSLEDKY A DISKUSE

3.1 Unik oxidu uhligitého z riiznych piv

U piv ulozenych v klidu pfi 20 °C po dobu 1 aZz 6 mésicli se po
otevfeni méfil unik CO, po dobu 10 min vzdy u dvou lahvi stejné
Sarze (tab. 1).

Unik CO, u piv oteviranych pomalu a bez otfesu zavisel na pi-
vovaru, vyrobené Sarzi a v mensi mife se liSil i mezi lahvemi jedné
Sarze, pozitivni vliv doby ulozeni se potvrdil jen u nékterych vzorkd.
Typicky gushing (pfepéni piva) se prokazal pouze u piva z pivovaru
D (>6 ml/min). Rozhoduijici je pfitom po&ate€ni rychlost tniku plynu,
nad 5 ml/min mdze pivni péna dosahnout nad okraj pivni lahve, nad
10 ml/min pivo pfetékalo, coz Ize povazovat za projev gushingu.

Pfi studiu gushingu se obvykle neuvazuje pfirozené uvolfiovani
CO,, které jesté nepostacuje k vyneseni piva z lahve. Piva riznych
pivovar( uvolfiovala CO, rGznou rychlosti, ktera rostla s nachylnosti
ke gushingu. Je zfejmé, ze pro vyneseni piva z lahve se musi rychle
uvolnit dostate¢né mnozstvi plynu.

Piva z rGznych pivovarli mohou samovolné uvolfovat oxid uh-
li¢ity riznou rychlosti. Gushing pravdépodobné vznika az po pre-
kroceni urcité intenzity vyvinu CO,. Schopnost Uniku CO, zavisi
na pfitomnosti a koncentraci nuklea¢nich center, jak o tom svéd¢i
i pokusy s misenim (fezanim) piva (Broz a KoSin, 2012). Dosud
neni jednoznacéné prokdzana povaha nukleaénich center, nebot ani
moderni optické metody nemohou spolehlivé rozlisit mezi pevnymi
nanoc¢asticemi a stabilizovanymi mikrobublinkami samotného ply-
nu (Mitani a Joh, 2002). Tzv. hydrofobiny se zpravidla povazuji za
latky, stabilizujici jiz vzniklé mikrobublinky plynu, ale nelze ani vy-
loucit jejich spekulativni schopnost ovliviiovat vazbu mezi pevnou
latkou a plynem.

Podle naSich zku$enosti schopnost silné prepénovat neztratilo
ani pivo, uchovavané v klidu po dobu 1 roku. Naproti tomu literatura
napf. uvadi ztratu gushingu pfi skladovani piva a naopak ziskani této
schopnosti vylou¢enim &astic oxalatu vapenatého, nebo koloidniho
zakalu (Zepf a Geiger, 2000; 2001).
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Obr. 4 Zavislost vytlaceného objemu DV na ¢ase pro namocené (a) a povarené (b) suspenze
celulosy (CE) a aktivniho uhli (AC), davkované do piva (1 mg/l) / Fig. 4 Dependence of dis-
placed volume (DV) on time for moistened (a) and boiled (b) suspensions of cellulose (CE)
and activated charcoal (AC), dosed to beer (1 mg/l)

Natural release of CO, is usually not considered when study-
ing gushing, because it is not sufficient to deliver the beer out of
bottle. Beers from different breweries released CO, at different
rates, which increased with disposition to gushing. It is clear that
beer must quickly release enough gas to deliver foam out of the
bottle.

Different beer brands can liberate CO, with different rate, but
gushing occurs only after a critical rate is exceeded. The ability to
liberate CO, depends on the presence and concentration of nu-
cleation centers, as evidenced by experiments with blending beer
(Broz and Kosin, 2012). It is not yet clear whether the nature of
the nucleation centers are solid nanoparticles or stabilized gas mi-
crobubbles alone, although a modern optical methods are used
(Mitani and Joh, 2002). So called hydrofobins will normally be con-
sidered as stabilizers of the already formed microbubbles of gas,
but their speculative ability to influence the bond between solid
and gas cannot be excluded.

In our experience, the ability to strongly overfoam did not lose even
beer that was kept at rest for 1 year. In contrast, literature describes
loss of gushing potential during storage of beer and vice versa origi-
nation this potential by excluding particles of calcium oxalate or col-
loidal turbidity (Zepf and Geiger, 2000; 2001).

3.2 Displacement of beer from bottle after the addition of
powdered material

Bottles with beer were carefully opened and the displaced volume
of beer was measured before and after the addition of different vol-
umes (0.1 to 1 ml) of boiled and non-boiled suspensions of cellulose
and activated charcoal (0.1% wt.) at 20 °C. This dose corresponds
to dose of solids in range of 0.2 to 2 mg/Il. Displaced volume of beer
depended on the time, type of material and increased with the con-
centration of material (Fig. 3).

Displaced volume measurement technique allows to measure the
theoretical amount of carbon dioxide that is needed to deliver beer
out of bottle (Fig. 2). Majority of CO, has usually time to escape when
bottle is opened, so only its small part can contribute to the delivery
of beer from bottles and so perform work. Whether beer will show
gushing or not depends on many factors, such as the amount of
foam, which partially prevents liberation of CO,, because it forms
a kind of foam stopper.

Bubble size also significantly affects the gushing performance, be-
cause bubbles are being enriched by diffusion of CO, during their
way through liquid. Gas exchange depends on the total surface of
the bubbles, which is connected with their size and concentration.
Head space volume is also of importance.

This is also why a bottle, which is filled to the rim, probably can-
not show gushing (Casey, 1996). The situation is further compli-
cated by the density of the foam in the mixture with the liquid;
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3.2 Vytla¢ovani piva z lahve po pfidavku
praskovitych materiala

Lahve s pivem se opatrné oteviely a mé-
fil se vytlateny objem piva z lahve pred
a po pfidavku rliznych objemu (0,1 az 1
ml) nepovarenych suspenzi celulosy a ak-
tivniho uhli (0,1 % hm.) pfi 20 °C. Tomuto
davkovani odpovidaji davky pevnych latek
v rozmezi 0,2 az 2 mg/l. Vytlaceny objem
zavisel na Case, druhu materialu a rostl
s jeho koncentraci (obr. 3).

Technika méfeni vytlaéného objemu
umoznuje méfit teoreticky objem oxidu uh-
licitého, ktery je potfebny k vyneseni piva
z lahve (obr. 2). Pfi otevieni lahve obvykle
staci vétSina CO, uniknout, takze jen jeho
malad ¢ast se mUze podilet na vyneseni
piva z lahve, tj. konat préaci. | pfi Casteném
Uniku uvolnéného CO, do okoli o gushin-
gu rozhoduji dalsi faktory, napf. mnozstvi
pény, ktera caste¢né brani uniku plynu,
protoze tvofi jakousi pénovou zatku.

Velikost bublinek rovnéz vyrazné ovliv-
nuje projevy gushingu, protoze béhem své
drahy kapalinou se bublinky obohacuiji di-
fuzi oxidu uhli¢itého z kapaliny. Vyména
plynu také zavisi na celkovém povrchu
bublinek, zavisejicim na jejich velikosti
a koncentraci. Vyznam ma i velikost hrdlo-
vého prostoru.

Z tohoto dlvodu také lahve, naplnéné az
po okraj, pravdépodobné nevykazuji gu-
shing (Casey, 1996). Situaci dale kompliku-
je hustota pény ve smési s kapalinou, jejiz
nizsi hodnota sice usnadnuje Unik piva, ale
soucasné s tim nedovoluje v hrdle vytvorit
dostate¢ny pretlak CO,.

Pfidavkem odpénovacich latek (lipidy)
Ize také zabranit pfepénovani i pfi masiv-
nim dniku CO,,.

Podobné chovéani vykazuje napf. vzdu-
chova pistole, nebot pro uspésny vystiel
je nutné naboj nejen pfiméfené utésnit,
ale také pouzit naboj s dostateénou hmot-
nosti, jinak neopusti hlaven s dostatec-
nou energii a tim i rychlosti. Je zde také urcita analogie s aktivaéni
energii, ktera se musi pfekonat, aby zbran vystfelila. Stejné se
chové pénova, nebo i korkova zatka v lahvi syceného napoje. Za-
tka mGze samovolné vystfelit, coz Ize vyvolat i snizenim okolniho
tlaku.

Také prace, potfebna pro uvolnéni plynu z pevné latky, siiné za-
visi na vlastnostech pevného povrchu. Pfi odtrzeni kapky z kapilary
(stalagmometrie) je zapotiebi prfekonat energii, majici plvod v povr-
chovém napéti a poloméru kapilary, coz Ize usnadnit mechanickym
pohybem nap¥. poklepnutim. Také poklepanim na lahev s pivem Ize
kratkodobé pfepénit pivo, unik CO, se vSak zastavi. Naopak pfi sil-
ném vstfiku vody do piva muaze pivo silné prepénit.

O uloze anorganickych materiald, jako pfi¢iné gushingu se litera-
tura hojné zminuje, ale zanedbava se uloha pfirozenych pfirodnich
materialll, jako je celulosa, popf. jeSté naruSena plsobenim plisni.
Aktivni uhli se pouzilo pro modelovani gushingu, ale v podstatné
vy$§Si koncentraci, nez v této praci (Hanke a Kern, 2009). Organické
materialy uvolfiuji CO, z roztoku dokonce ucinnéji, nez v literatufe
¢asto zminovana filtracni kfemelina. Navic poskytuji Siroké spektrum
velikosti pérd nebo dutin na povrchu pevného materialu.

Nelze ovSsem prehlédnout zna¢né rozdily mezi celulosou naruse-
nou plisni a celulosou, degradovanou pusobenim vysokych teplot pfi
vyrobé aktivniho uhli.

Gushing Ize snadno vyvolat i pfidavkem mlata, nebo i celych zrn
je€mene a sladu do piva.

3.3 Vliv zvlhéeni praskovitych materiald na vytlaéovani piva
z lahve
Do lahvi s pivem se davkovaly nepovarené i povarené suspenze
aktivniho uhli, celulosy (1 mg/l) a méfil se vytlateny objem piva. Vy-
tlaceny objem piva zavisel na ¢ase, druhu materialu a rostl s jeho
koncentraci (obr.4). Pro porovnani se do piva vhodil suchy a namo-
¢eny varni kaminek (obr.5).
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Obr. 5 Vypénéni piva po vhozeni suchého (vle-
vo) a namoceného (vpravo) varniho kaminku
/ Fig. 5 Foaming of beer after throwing dry (left)
and moistened (right) boiling stone

lower values can facilitate the escape of
beer, but at the same time does not al-
low sufficient overpressure of CO, to be
created in the head space. Addition of
antifoams substances (lipids) can pre-
vent overfoaming even at massive lib-
eration of CO,.

Similar behavior shows for example
air gun; for a successful shot it is neces-
sary to appropriately seal the bullet, but
also to use bullet with sufficient weight,
otherwise the bullet will not leave the
barrel with sufficient energy and speed.
There is also an analogy with activa-
tion energy which must be overcome for
gun to fire. The same behavior has cork
stopper in bottle with carbonated bev-
erage. Stopper can fire spontaneously,
for example after a reduction of ambient
pressure.

Also work that is required to discharge
a gas from a solid substance strongly
depends on the properties of the solid
surface. When drop comes off a capil-
lary (stalagmometry), it needs to over-
come the energy that originates from
surface tension and the radius of the
capillary, which can be made easier by
mechanical movement such as tapping.
Beer can also be overfoamed by tapping
on the bottle, after which the liberation of
CO, stop shortly. In contrast, when wa-
ter is strongly injected of into beer, it can
strongly overfoam.

The role of inorganic materials as
a cause of gushing is frequently men-
tioned in literature. Less is mentioned
the role of natural materials such as cel-
lulose, respectively cellulose damaged
by the action of fungi. Activated charcoal
was used for modeling of gushing, but in
substantially higher concentrations than
in own work (Hanke and Kern, 2009).
Organic materials can liberate CO,
from solution even more efficiently than
in literature frequently mentioned diatomaceous earth. Moreover,
they provide a wide range of pore sizes or cavities on the surface
of solid materials.

One cannot overlook the significant differences between cellulose
damaged by fungi and cellulose that was degraded by high tempera-
tures during the production of activated charcoal.

Gushing can also be easily generated by the addition of spend
grains or even whole grains of barley or malt to beer.

3.3 Impact of moistening of powder materials on displacement
of beer from bottles

Boiled and non-boiled suspensions of activated charcoal and
cellulose (1 mg/l) were dosed into bottles with beer and displaced
volume of beer was measured. Result was dependent on time and
kind of material and increased with the concentration of material
(Fig. 4). Dry and moistened boiling stones were also added to
beer (Fig. 5).

The rate of CO, release depended on the degree of moistening
of solid or powdery materials, which is related to their hydropho-
bicity. It is also likely that the presence of foreign gases bonded to
solids promotes the liberation of CO,, because one of the actions
against gushing is short bubbling of beer by carbon dioxide. This
theory is strongly supported by the fact that short electrolysis of
beers, such as in the gehaltemeter, generate bubbles of oxygen
and hydrogen on the solid surface, facilitates the release of CO,
from beer. These observations are consistent with recent findings
on the effect of nanoparticles, which can support the gushing ac-
cording to their size and electrical charge (Christian and llberg,
2009).

In addition to the natural decline of beer displacement rate due
to the loss of carbon dioxide, it is necessary to consider the loss
of micro-bubbles of other gases on the surfaces of solid parti-
cles. Individual gases present in beer may behave differently
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due to their different solubility and elec-
tric charge. Literature states that gushing
positive beer degassed by shaking and re-
carbonated loses gushing potential, which
could be caused by the loss of bound gas-
es (Amaha and Kitabatake, 1981). Mois-
tening of powdered materials reduces the
liberation of gases from beverages, which
corresponds to a gradual ,,depletion” of its
activity.

—=GV_0
-0o-DV_0
——GV_AC
-e-DV_AC

3.4 Comparison of liberation rate of CO,
with displaced volume of beer

Non boiled suspension of activated char-
coal (AC, 1 mg/l) was dosed to beer bottles
and the rate of CO, liberation and displaced
volume of liquid were measured (Fig. 6). To-
tal displaced volume was obtained as the
sum of the volumes displaced and returned

o
o)

=t
(3]
N
o

to the bottle after the measuring container
25 had been filled. Liberation rate of CO, was
higher than the rate of beer displacement
from the bottle.

Results show correlation between CO,

Obr. 6 Objem uniklého oxidu uhli¢itého (GV) a piva vytlateného z lahve (DV) po pfidavku
namoceného aktivniho uhli (AC, 1 mg/l) / Fig. 6 The volume of liberated CO, (GV) and beer
displaced volume (DV) after the addition of moistened activated charcoal (AC, 1 mg/l)

Rychlost uvolfiovani CO, zavisela na stupni zvih€eni suchych pev-
nych nebo praskovitych material(, coz souvisi s jejich hydrofobici-
tou. Také je pravdépodobné, Ze pfitomnost cizich plynt vazanych
pevnymi Casticemi, podporuje unik CO,, protoze jednim z opatfeni
proti gushingu je kratké probublani piva oxidem uhli¢itym. Silnym
argumentem pro tuto teorii je skute€nost, ze kratka elektrolyza piv,
napf. v tzv. gehaltemetru, generujici bublinky kysliku a vodiku na
pevném povrchu, usnadriuje uvolnéni CO, z piva. Tato pozorovani
se shoduji i s poslednimi nalezy vlivu nanocastic, které podporuji
gushing v zavislosti na jejich velikosti a elektrickém naboji (Christian
a llberg, 2009).

Kromé pfirozeného poklesu vytlacné rychlosti ztratou oxidu uhlici-
tého z piva je nutné uvazovat i ztratu mikrobublinek jinych plyn(i na
povrchu pevnych ¢€astic. Jednotlivé plyny, pfitomné v pivu, se pfitom
mohou chovat rozdilné vzhledem k jejich rozdilné rozpustnosti i elek-
trickému naboji. Literatura uvadi, ze jednou vytfepané pivo, zplso-
bujici gushing, po opétovném nasyceni oxidem uhli¢itym jiz nepfre-
pénuje, coz by mohlo svédcit o vyEerpani vazanych plynd (Amaha
a Kitabatake, 1981). Zvihéeni praskovitého materialti také potlacuje
unik plynu z napoje, coz odpovida postupnému ,vycerpavani jeho
aktivity.

3.4 Porovnani tniku plynného CO, a vytlacovani piva z lahve

Do lahvi piva se davkovala vodna (nepovarend) suspenze AC
(1 mg/l) a sledovala zavislost uniku CO, a vytlateného objemu
kapaliny (obr. 6). Celkovy vytlaceny objem se ziskal jako soucet
jednotlivych vytlatenych objemu vracenych do lahve po naplnéni
odmernych nadobek. Rychlost uniku CO, byla vyssi, nez rychlost
vytlaGovani piva z lahve.

Vysledky ukazuji souvislost mezi uvolnénym CO, z piva a rdstem
vytlatného objemu. Dobfe je také patrny pokles rychlosti uniku CO,
s ¢asem, zminény v odstavci 3.3. V pfitomnosti aktivniho uhli uniklo
bé&hem 20 min z piva 250 ml plynného CO, nebo 200 ml piva. Naproti
tomu byla ztrata oxidu uhli¢itého u srovnavacich vzorku bez pfidavku
AC zanedbatelna.

3.5 Vliv teploty sycené vody a piva na unik CO,

Lahve se sycenou vodou (CW) se ochladily na 1 °C, opatrné
otevrely a do lahvi se pfidalo suché mlato (SG, 20 mg/l) a ve vodé
rozmichané aktivni uhli (AC, 1 mg/l). Po uzavfeni lahvi korunkou
se lahve ponechaly 1 den pfi teplotach 1, 10 a 20 °C, pfenesly do
20 °C a po otevfeni ihned méfil vytlaceny objem. Pro porovnani se
méfeni opakovalo i s pivem, vykazujicim pfirozeny gushing bez pfi-
davku praskovitého materialu (BG) a ochlazenym na stejné teploty
(obr. 7 a,b).

Uvolfiovani oxidu uhli¢itého ze sycené vody i piva po pfidavku
pevnych materialld silné klesa s teplotou. ProtoZe hnaci silou tohoto
procesu je rozdil mezi rovnovaznym parcialnim tlakem CO, v plynné
a kapalné fazi, Ize oCekavat silnou zavislost uniku CO, na teploté
piva. V Uvahu dale pfichazi vliv teploty na uvolnéni plynli z povrchu
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released from beer and displaced volume.
It is also well evident the decrease of CO,
liberation rate with time, which was dis-
cussed in the paragraph 3.3. In the pres-
ence of activated charcoal was within 20 minutes released 250
ml of gaseous CO, or 200 ml of beer. In contrast, the loss of
carbon dioxide from the reference samples without the addition
of AC was negligible.

3.5 The effect of temperature of carbonated water and beer on
the CO, liberation

Bottles with carbonated water (CW) were cooled to 1 °C, carefully
opened and dried spent grains (SG, 20 mg/l) and water suspension
of activated charcoal (AC, 1 mg/l) were added to the bottles and
bottles were closed with crown closure. Bottles were left at tempera-
tures 1, 10 and 20 ° C for 1 day, then transferred to 20 ° C and the
displaced volume was measured immediately. The experiment was
then repeated with beer that had natural gushing (BG), without addi-
tion of any powdery material (Fig. 7 a, b).

The rate of liberation of carbon dioxide from carbonated water
and beer after the addition of solid materials strongly decreases
with temperature. Because the driving force of this process is the
difference between the equilibrium partial pressure of CO, in gase-
ous and liquid phases, the temperature dependence of CO, lost
can be expected. Another explanation would be the influence of
temperature on the liberation of gases from solid surfaces, which
is connected to thermal movement of molecules. Hydrodynamic
forces of solution that is being mixed can peel bubbles out of solid
surfaces, of which the intensity is dependent on the fluid viscos-
ity. Also the movement of bubbles through liquid depends on the
viscosity and temperature. The overfoaming potential of beer de-
creases after removing adsorbed gases from the particles during
pasteurisation. The rate of diffusion, viscosity, surface tension and
solubility of gases in beer can therefore influence the gushing both
positively and negatively.

In experiments with carbonated water and addition of powdered
materials can be seen strong CO, liberation even in the absence of
hydrofobins, so the basic mechanism must be the nucleation.

3.6 Effect of CO, content on its liberation

The content of 0.5 | bottles with carbonated water (6 g/l CO,) and
beer (5 g/l CO,) chilled to 1 °C was partly replaced by iced tap water
to obtain samples with 3-5 g/l of CO,. The displaced volume was
measured after 1 day of storage at 20 °C (Fig. 8).

The rate of CO, liberation was according to expectations de-
pendent on its original content. The addition of activated charcoal
increased the rate of CO, liberation even from carbonated water,
so the basic mechanism of this process doesn’t need to include
the presence of dissolved substances, such as hydrofobins. Con-
versely the liberation rate of gases from the carbonated water can
be significantly increased by addition of inorganic materials, such
as silicon dioxide, which is used as the sand during water filtration.

It seems likely that the foaming, gushing and decarbonization
of beer have a common basis in the presence nucleation cent-
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pevnych ¢astic, nebot tepelny pohyb v oko-

li ¢astic klesa a naopak s rostouci teplotou 500
roste. PFi michani roztoku mohou bublinky

plynu z pevné latky odtrhavat hydrodyna-

mické sily, jejichz intensita zavisi na visko- 400 -

sité kapaliny. Pfi pohybu bublinek kapalinou
z4visi jejich rychlost opét na viskosité a tim
i na teploté. Po odstranéni adsorbovanych

plyna z ¢astic pfi pasteraci schopnost pre- 300
péfovat klesa. Rychlost difuze, viskosita, f
povrchové napéti a rozpustnost plynt v pivu g
mohou proto ovliviiovat gushing pozitivné o

i negativné. 200

Pfi pokusech s odplynénou vodou s pfi-
davkem praskovitych materidl(i Ize pozoro-
vat silny unik CO, i v nepfitomnosti hydro-
fobinll, takze zakladni mechanismus musi
spocivat v nukleaci.

100

3.6 Vliv obsahu CO, na jeho unik

Z 0,5 | lahvi sycené vody (6 g/l CO,),
a piva (5 g/l CO,), vychlazenych na 1 °C
se odebranim ¢asti obsahu a doplnénim le-
dovou vodovodni vodou na plivodni objem

-0-Cw1°C
-0-Cw10°C
-e-CW20°C
——CWSG1°C
x —+—CWSG10°C

min

pfipravily vzorky s obsahem 3 az 5 g/l CO,,.
Po 1 dni skladovani pfi 20 °C se stanovil vy-
tlany objem kapalin (obr. 8).

Rychlost samovolného Uniku CO, z piva
zavisela podle ofekavani na koncentraci

20mg/l)

Obr. 7a Zavislost vytlateného objemu (DV) na teploté (1, 10 a 20 °C) sycené vody (CW)
s pfidavkem mlata (SG, 20 mg/l) / Fig. 7a Dependence of displaced volume (DV) on the
temperature (1, 10 and 20 ° C) for carbonated water (CW) with addition of spent grains (SG,

v napoji. Pfidavek aktivniho uhli zvySoval
rychlost Uniku plynu i ze sycené vody, tak-
ze zakladni mechanismus tohoto procesu
nemusi zahrnovat pfitomnost rozpusténych
latek, napf. hydrofobind. Naopak rychlost
uniku plynu ze sycené vody lze vyrazné
zvySit pfidavkem anorganickych materiald,
napf. oxidu kfemicitého, ktery se v podobé
pisku pouziva pfi filtraci pevné vody.

Zda se pravdépodobné, ze pénivost, gu-
shing i dekarbonizace piva maji spole¢ny
zaklad v pfitomnosti nukleaénich center
a rozdily mezi témito procesy naopak silné
zavisi na pritomnosti dalSich latek v napoji.
Ve shodé s tim vykazuje pivo s pfidavkem
hydrofobin( silnou pénivost, pficemz jeho 50 | o
prepénovani mlze zahrnovat vlivy hustoty
pény i omezeni uniku CO, bez gushingu. O
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Spekulativni je predstava, ze tyto latky 0
mohou také podporovat odtrhavani bublinek
plynu z pevnych ¢asti. Pfi pfidavku prasko-
vitych material(l k sycené vodé s obsahem
pénotvornych latek Ize snadno vyvolat pre-
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pénovani po otevreni lahve.

Vysledkdm méfeni vyhovuje predsta-
va zasoby plynu, nachazejici se ve vazbé
s pevnymi Casticemi, pfiéemz rychlost uni-
ku plynu Ize zvysSit, nebo potlacit pfidavkem
dal$ich rozpustnych latek.

gushing beer (BG)

3.7 Modelovani uniku CO, z piva

Rychlost tniku CO, z piva a vynaseni kapaliny z lahve zavisi pri-
marné na jeho teploté a obsahu CO,, sekundarné na charakteru nuk-
leace a terciarné na pfitomnosti dalSich latek v roztoku (obr. 3-8).
Z praxe je znamé, Zze CO, z piva se uvolfiuje aZ do dosazeni jeho
rovnovazného tlaku, coz plati pro unik plynu do atmosféry i do hrdlo-
vého prostoru lahve po stoceni.

V tomto pfipadé by intenzita Uniku primarné zavisela na rozdilu
koncentraci CO, v kapalne fazi a sekundarné na kinetice pfestupu
plyna z kapalné do plynné faze, které Ize ovlivnit nukleaci.

Kinetické konstanty tohoto procesu Ize ziskat z méfeni rychlosti
Uniku CO, pfi atmosférickém tlaku i pfi pfetlaku. Nardst tlaku v hrdlo-
vém prostoru ldhve po vhozeni praskovitého materialu, napf.filtracni
kfemeliny, jsme mé&fili ve starsi préci (Savel, 2004). Tohoto principu
Ize vyuzit pro stanoveni gushingového potencidlu riznych materil(.

Modelovani rychlosti uniku CO, se vétSinou opira o popis pod-
minek stability bublinek pfi uvolfiovani tohoto plynu v mikroméfitku.
ProtoZze makroskopické modely vyuzivaji snadno méfitelné veli€iny,
je takovy pfistup uzitecny.
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Obr.7b Zavislost vytlateného objemu (DV) na teploté (1, 10 a 20 °C) sycené vody (CW)
/ s pfidavkem aktivniho uhli (AC, 1 mg/l) a piva vykazujiciho pfirozeny gushing (BG) /
Fig. 7b Dependence of displaced volume (DV) on the temperature (1, 10 and 20 ° C) for
carbonated water (CW) with addition of activated charcoal (AC, 1 mg / I) and naturally

ers and the differences between these processes depends on the
presence of other substances in beverage. Beer with added hy-
drofobins shows strong foaming, while its overfoaming potential
depends also on foam density and restriction of CO, liberation
without gushing.

Speculative is the idea that these substances might also support
tearing of bubbles from solids. The addition of powders to carbon-
ated water with foaming agents easily induced overfoaming after
opening the bottle.

These results are consistent with the idea of gas reservoir,
which is bonded to the solid particles and the rate of gas liberation
can be increased or decreased by the addition of other soluble
substances.

3.7 Modeling the CO, liberation from beer

The liberation rate of CO, and displacement of beer from bottle
depends primarily on the temperature and the original CO, con-
tent, secondary on the character of nucleation and tertiary on the
presence of other substances in solution (Fig. 3 to 8). It is known
that CO, is released from beer until reaching the equilibrium pres-
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sure, no matter whether releasing to the
atmosphere or to the head space of bottle
after filling.

In this case, the rate of liberation would
depend primarily on the difference in CO,
concentrations in liquid phase and second-
arily on the kinetics of the transfer of from
liquid to gas, which can be affected by nu-
cleation.

Kinetic constants of this process can
be obtained by measurement of the rate
of CO, liberation at atmospheric pressure
and at overpressure. The increase of head
space pressure after addition of pow-
dery material, e.qg. filtration diatomaceous
earth, was measured in the earlier paper
(Savel, 2004). This principle can be used
to determine the gushing potential of vari-
ous materials.

Modeling of CO, liberation rate is usually

--CWAC_6
-0=CWAC_5
-0-CWAC_4
-2-BEER_5
-=~BEER_4
-~-BEER_3

based on a description of the conditions of
bubbles stability while releasing this gas
in micro scale. Macroscopic models seem
to be useful, because of the use of easily

Obr. 8 Zavislost vytlateného objemu (DV) na obsahu CO, (4, 5 a 6 g/l) v sycené vodé a pivu
pfi 20 °C / Fig. 8 Dependence of displaced volume (DV) on the contents of CO, (4, 5 and

6 g/l) in beer and carbonated water at 20 °C.

Napf. pfi modelovani Uniku plynl z nadoby s pevnymi sténami se
v modelech s elektrickymi ¢astmi vychazi z pfedstavy kapacity kon-
denzatoru (C) jako zasobniku plynu, s pfidavnym odporem (R), ur-
¢ujicim rychlost jeho vyprazdrovani (tzv. RC model). Zménou dvou
parametrd Ize dobie napodobit Unik plynu ze sycenych napojl, po-
dobné jako vydech vzduchu z plic (Roubik, 2006).

Tomuto modelu dobfe odpovida v makroméfitku tzv. widget, nebo
unik plynu po otevieni lahve. Analogie mlze v rozSifené verzi zahr-
novat i vyménu plyn( pfes neprostupnou nebo polopropustnou sté-
nu, ktera za vhodnych podminek umoziuje cyklicky pfechod CO,
z kapalné do plynné faze. Celulosové vlakno napinéné dusikem
v pivu je pfikladem soustavy, pracujici cyklicky jako systém zajistuji-
ci uvolfovani oxidu uhli¢itého z piva (Devereux a Lee, 2011).
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