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Savel, J. — Kosin, P. — Broz, A.: Nachylnost piva k pfepéfiovani vyvolanému riiznou dobou tfepani lahve. Kvasny Prum., 60, 2014,
€. 6,s.151-159

Gushing, stanoveny jako mnozstvi preteklého piva z lahve, zavisi na po¢ateéni koncentraci oxidu uhli¢itého v kapaliné a rychlosti iniku
tohoto plynu do okolniho prostfedi. K pfenosu rozpusténeho CO, z kapaliny jsou nutné nerozpustné nebo koloidni Castice, pfitomné
v kapaliné nebo vazané na vnitfni sténu obalu. Castice mohou na svém povrchu vazat pouze urcité mnozstvi mikrobublinek plynu a v rov-
novaze je povrch ¢astic plynem nasycen. Tento mechanismus formalné odpovida klasické rovnici adsorpce plynu na pevném povrchu.
O rychlosti Uniku plynu z pevnych ¢astic rozhoduje sila vazby mikrobublin k pevnému povrchu. Piva z riznych pivovar( i rizné druhy
piv z jednoho pivovaru mély rozdilnou nachylnost ke gushingu. Dilezity je i vliv transportu piva a jeho skladovani pred otevienim lahve.
Stanoveni Uniku obsahu oxidu uhli¢itého ze stoéeného piva je vhodnym ukazatelem pravdépodobnosti vyskytu gushingu. Nachylnost ke
gushingu se maze stanovit méfenim narlstu tlaku v hrdle lahvi po otevieni a opétovném uzavreni lahve. Jednotlivé partie piva se mohou
podrobit gushingovému ,Sokovani“, podobné jako se podrobuiji teplotnimu Sokovani pro pfedpovéd koloidni stability.

Savel, J. — Kosin, P. - Broz, A.: The tendency of beer to gushing initiated by various time of bottle shaking. Kvasny Prum., 60,
2014, No. 6, pp. 151-159

Gushing, determined as the amount of beer overflowed from the bottle after its opening depends on the initial concentration of carbon
dioxide in the beer and the rate of escape of this gas into the surrounding atmosphere. Insoluble or colloidal particles floating in beer or
placed to the inner wall of the bottle are necessary for beer gushing initiation. The particles can bind only limited amount of gas on their
surface which corresponds to equilibrium saturation. This mechanism is formally equivalent to the classical equation of gas adsorption on
the solid surface. The rate of gas escape from solid particles is determined by the strength of the bond of microbubbles to a solid particle
surface. Beer from different breweries and different kinds of beers from one brewery had different tendency to gushing. The influence of
beer transport and storage before opening the bottle is also of great importance. The determination of the escape rate of carbon dioxide
from bottled beer could serve as a good indicator of the probability of gushing occurrence. Each batch of beer can be subjected ,,gushing
forced test®, similar to colloidal forcing test for the prediction of colloidal stability.

Savel, J. — Kosin, P. - Broz, A.: Empféanglichkeit des Bieres zu Gushing. Kvasny Prum. 60, 2014, Nr. 6, S. 151-159

Gushing, festgestellt als die Menge des aus der Flasche Ubergelaufenen Bieres, hangt von der urspriinglichen CO, Konzentration
im Bier und von der Ausstrdmungsgeschwindigkeit des CO, aus der Flasche ins Milieu ab. Zur Ubertragung des gelésten CO, aus der
Flussigkeit sind die im Bier oder an der inneren Wand vorhanden gebundene unlésbare oder kolloide Partikel notwendig. An ihren Ober-
flachen kénnen diese Partikel nur eine bestimmte Menge an Gasmikrobléaschen binden, im Gleichgewicht wird diese Oberflache mit dem
Gas gesattigt. Dieser Mechanismus formal entspricht der klassischen Gleichung Adsorption des Gases an der festen Oberflache. Uber
die Geschwindigkeit der Gasausstrémung aus den Festpartikeln entscheidet die Bindungskraft der Gasmikroblaschen zu der Festpha-
se. Die Biere aus den verschiedenen Brauereien und die verschiedene Biersorten aus einer Brauerei wiesen auch eine verschiedene
Gushing-Neigung auf. Der Einfluss des Biertransports und der Bierlagerung vor Offnen der Flasche ist auch wichtig. Die Feststellung der
CO, Ausstromungsmenge aus dem Flaschenbier gibt”s als einen geeigneten Indikator der Wahrscheinlichkeit zur Gushing-Neigung. Die
Gushing-Neigung kann durch die Messung des Druckanstiegs im Flaschenhals nach dem Offnen und SchlieBBen der Flasche festgestellt
werden. Es ist mdglich, &hnlich wie flr die Vorhersage der kolloiden Stabilitat, die einzelnen Biermuster zur Gushing-Neigung zu testen.

Kli¢ova slova: gushing, tnik CO,, adsorpce plynu, nukleacni
Cdstice, transport Iahve

1 UVOD

Sycené napoje se uchovavaji v uzavienych obalech, po jejichz
otevreni oxid uhliCity unikd do vyrovnani parcialniho tlaku rozpusté-
ného plynu s okolnim atmosférickym tlakem. N&hl& ztrata CO, spo-
jend se soucasnym unikem sycené kapaliny se u pénivych napojd
obvykle nazyvéa gushing nebo pfepénovani (Gastl a Zarnkow, 2009;
Winkelmann a Hinzmann, 2009; Postulkova a VitouSova, 2013).

Pivo obvykle unika z lahve po pfedchozim protfepani nebo pokle-
pu a jejim otevienim a ackoliv tato schopnost se obvykle ztraci po
pomérné kratké dobé, v nékterych pfipadech pretrvava déle. V praxi
se Ize ale setkat s Unikem piva z obalu i po dlouhé dobé skladovani
v klidu.

Intenzita gushingu dale zavisi na teploté, obsahu oxidu uhli¢itého
a chemickém slozeni napoje véetné obsahu ostatnich rozpusténych
plynd. Za klicovy faktor se povazuje pfitomnost tzv. nukleacnich
center, obvykle submikroskopickych ¢astic, rozptylenych v kapaling,
nebo umisténych na povrchu vétsich ¢astic, napf. na sténé lahve
(Gardner, 1973; Draeger, 1996). Za pfi¢inu gushingu piva se také
obvykle povaZzuji hydrofobni bilkovinné ¢astice nebo €astice oxalatu
vapenatého (Decker a Gebruers, 2010; Zepf a Geiger, 2001, Shokri-
bousjens a Deckers, 2011).

Keywords: gushing, CO, escape rate, gas adsorption, nucleation
particles, bottle transports

1 INTRODUCTION

Carbonated beverages are being kept and transported in closed
packages. After their opening the CO, escapes to reach ambi-
ent atmospheric pressure. Sudden loss of CO, associated with
carbonated drinks foaming is usually called gushing (Gastl and
Zarnkow, 2009; Winkelmann and Hinzmann, 2009; PoStulkova and
VitouSova, 2013).

Beer usually escapes from the bottle after its previous shaking or
beating and although this ability is usually lost after a relatively short
period of time, in some cases can persist for a longer time. In prac-
tice we can meet the beer escape from the package even after long
periods of its storage at still position.

The intensity of gushing also depends on the temperature, carbon
dioxide content and the chemical composition of beverages includ-
ing other dissolved gases. A key factor is the presence of nuclea-
tion centers, usually submicroscopic particles dispersed in a liquid,
or placed on the surface of larger structures, e.g., the bottle wall
(Gardner, 1973; Draeger, 1996). As a cause of gushing beer are also
usually considered hydrophobic protein particles or particles of cal-
cium oxalate (Decker and Gebruers, 2010; Zepf and Geiger, 2001,
Shokribousjens and Deckers, 2011).
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Kritické studie vSak nékteré z téchto uznavanych p¥icin nepotvrdi-
ly. Vyskyt marker( plisfiové kontaminace jako jsou 1,3 B-glukanasy
a ergosterol v jeémenech z vybrané lokality sice ¢asteéné souvisel
s vyskytem gushingu sladu, ale souvislost s obsahem Stavelové ky-
seliny se nepotvrdila (Bélakova a BeneSova, 2012).

Stanoveni nachylnosti piva ke gushingu ma vyznam pro posouze-
ni sto€eného piva pfed expedici. SloZitéjsi je pfedpovéd gushingu ze
surovin, nebo meziproduktl vyroby piva, jako jsou slad, sladina, mla-
dina nebo dokvaSované pivo (llberg a Titze, 2009; Christian a Titze,
2011; Bamforth, 2009; Rath, 2009). U obou skupin metod je jejich
vyznamnou &asti pfiprava smési pivovarskych substratt s vodou sy-
cenou CO,, nebo s pivem.

Postupy na méfeni schopnosti piva pfepénovat proto obvykle
definuji zpusob, dobu i teplotu tfepani a dobu pred otevienim lah-
ve. Hodnoty téchto parametrd se naleznou v pfehlednych ¢lancich
(Amaha a Kitabatake,1981; Casey, 1996; Pellaud, 2002). K tfepani
se pouzivaji kyvné tfepacky nebo houpacky s dobou tfepani od jed-
noho dne az po nékolik tydn(, teploty se pohybuji od -1 do 25 °C.

Nazory na podminky testovani se dosti liSi, napf. podle testu pi-
vovaru Stroh je jednodenni tfepani nasledované patmactiminutovym
odpocinkem dostacujici a dalSi tfepani jiz intenzitu gushingu nezvy-
Suje, ale podle jinych autorl je nutné az dvoutydenni tfepani. Rozdi-
ly jsou i v poZzadovaném obsahu CO, ve sladiné nebo pivu, které se
liSi od nasyceni 5 az 9 g/l (Casey, 1996).

Béhem skladovani piva se méni struktura vznikajicich koloidnich
¢astic a jejich schopnost vazat mikrobublinky plynd. Tento proces
muze ovlivhovat i teplota a mechanicky pohyb ¢éastic. 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 (Amaha a Kitabatake, 1981; Casey, 1996).

Intenzita gushingu se vyjadfuje mnozstvim kapaliny, pfetek-
& z lahve po jejim otevieni, nékdy se toto mnozstvi vztahuje
k mnozstvi piva v lahvi. Nachylnost piva ke gushingu se obvyk-
le oznaduje jako gushingovy potencial. Gushing nutné souvisi
s rychlosti uniku CO, ze syceného napoje, coz umoziiuje méfit
gushingovy potencial piva i v pfipadé, ze pivo z hrdla lahve ne-
pieteée (Savel a Kosin, 2014). Typickymi pfiznaky jsou pouhé
vyplInéni hrdla lahve piva pénou po jejim otevfeni, tvorba ¢epicky
pivni pény na hrdle oteviené ldhve, popf. perleni piva nalitého
do sklenice.

Gushingovy potencial piv se mlzZe vyrazné lisit i v ramci jednotli-
vych varek, popt. i jednotlivych lezackych tanku, takze kromé slozeni
surovin se mohou uplathovat i mistni vlivy a technologické postupy
pivovaru. Tato skute€nost umoznuje snizovat riziko gushingu mise-
nim piva z jednotlivych lezackych tanku pred filtraci a staéenim (Broz
a Kosin, 2012).

V pfedchozim sdéleni jsme popsali méreni rychlosti uniku CO,
z piva objemovou, gravimetrickou nebo manometrickou analyzou.
Jako iniciatory gushingu mohly pdsobit anorganické i organické pev-
né latky, které tuto schopnost ztracely v rizné mife v zavislosti na
stupni jejich smaceni. Idealnim modelovym iniciatorem byla pryzova
zéatka, ktera po vlozeni do piva intenzivné uvolfiovala CO, (Savel
a Kosin, 2013; 2014).

ProtoZze umeéle vyvolany unik CO, z piva zplsobovaly vzdy vétsi
¢astice pevnych materidli pfirodniho i umélého pdvodu, nejsou do-
sud uspokojivé vysvétleny pfic¢iny gushingu &irého piva po jeho filtra-
ci a sto€eni. Tento ¢lanek se zabyva faktory, ovliviujicimi vysledky
testu na gushing a navrhem mechanismu jeho vzniku.

2 MATERIAL A METODY

2.1 Vazkové stanoveni Uniku oxidu uhli¢itého ze syceného
napoje

Lahev s pivem nebo sycenym napojem se vlozila do plastové ka-
dinky a spolu s ni zvazila. Po otevieni a vloZeni korunky do kadinky
se zaznamenavaly zmény jeji hmotnosti v ¢ase. Ubytek hmotnosti
odpovida mnozstvi uniklého CO,, alkoholu, tékavych latek i vodni
pary a je proto vyssi nez ztrata hmotnosti CO, ze sycené kapaliny.
Pokud pivo preteklo z lahve do kadinky, po ukonéeni pokusu se od-
meérnym valcem zméfil objem preteklé kapaliny (OV — overflowed
volume).

2.2 Méfeni zmén pretlaku oxidu uhli¢itého v hrdle obalu

Pretlak CO, v hrdle lahve se méfil manometrickym pfistrojem
s propichovacim zafizenim (1-CUBE, CR). Pfistroj umoznuje rych-
|é odpusténi pretlaku s okamzitym opétovnym uzavienim (pod 1 s).

Critical studies did not confirm some of these recognized caus-
es. The occurrence of fungal contamination markers such as 1,3
B-glucanase or ergosterol in barley from the selected site was partial-
ly related to occurrence of gushing malt, but the relation to the content
of oxalic acid was not confirmed (Bélakova and Benesova, 2012).

Determination of the predisposition to gushing is important to be
assessed for bottled beer before distribution. Gushing predisposition
determined from raw materials or intermediates of beer production
such as malt, sveet wort, hopped wort or beer lagering is more compli-
cated (Rath, 2009; llberg and Titze, 2009; Christian and Titze, 2011;
Bamforth, 2009). For both groups of methods it is important to prepare
a mixture of beer intermediate products with carbonated water or beer.

The methods for the gushing potential determination therefore usually
define the way of shaking and the time and the temperature before open-
ing the bottle. The values of these parameters can be found in review
articles (Amaha and Kitabatake, 1981; Casey, 1996; Pellaud, 2002). The
period of time and the temperature range vary from one day to several
weeks and -1 to 25 °C using horizontal shaker or rocking device.

There are quite different opinions on testing conditions e.g. the
Stroh Brewery test uses one day shaking followed by 15 min of rest
which is considered to be sufficient so that further shaking does not
increase gushing amount. According to other authors up to two weeks
shaking is required. There are also differences in the desired CO,
content in wort or beer, which varies from 5 to 9 g/l (Casey, 1996).

The structure of colloidal particles and their ability to bind the
gas microbubbles changes during beer storage. This process can
be also affected by the temperature and mechanical movement of
the particles. In the original works “winter” and “summer” gushing
is distinguished according to storage temperature and the vertical
and horizontal position of the bottles. Winter gushing was induced by
cooling of bottles in a horizontal position in the presence of metals
and air (Amaha and Kitabatake, 1981; Casey, 1996).

Gushing intensity is expressed by the amount of liquid overflowed
from the bottle after its opening, which is sometimes related to the
volume of beer in the bottle. Tendency to gushing of beer is usually
called gushing potential. Gushing is associated with the escape rate
of CO, from carbonated beverages, which allows to measure the
gushing potential even if the beer does not overflow from the bottle
(Savel and Kosin, 2014). The typical symptoms of it are just filling
the bottle neck with foam after its opening, creation foam caps on the
bottle rim or beer sparkling of beer poured in a glass.

Beer gushing potential can vary substantially even within individu-
al batches but also alternatively between individual lager tanks and
local influences including technological process differences in the
same brewery may also play role. This fact allows reduce the risk of
gushing by blending beer from individual storage tanks prior to filtra-
tion and bottling (Broz and Kosin, 2012).

In the previous article we described the volumetric, gravimetric
and manometric measurement of CO, escape from beer. Both in-
organic and organic solids could act as gushing initiators, which lost
this activity in the dependence on degree of their wetting. The ideal
model initiator was the rubber stopper, which intensively liberated
CO, after inserting it into the beer (Savel and Kosin, 2013; 2014).

Although the artificially induced escape of CO, from the beer was al-
ways caused by larger particles of solid materials of natural or artificial
origin, the causes of gushing beer after filtration and bottling are not yet
satisfactorily explained. This article deals with the factors which influence
the test results and try to propose a mechanism of gushing formation.

2 MATERIAL AND METHODS

2.1 Gravimetric determination of carbon dioxide liberated from
the carbonated beverages

Bottle containing beer or carbonated beverage was placed in a plas-
tic beaker and weighted with it. After opening and inserting the crown
into the beaker again the weight changes were recorded. Mass loss
corresponded to the loss of CO,, water, alcohol and other volatile sub-
stances and it is therefore higher than the only mass loss of CO.. If the
beer is overflowed into the beaker, the overflowed volume (OV) was
measured by graduated cylinder after the end of experiment.

2.2 Manometric measurement of carbon dioxide pressure in
the bottle headspace
Overpressure of CO, in the headspace of the bottle was measured
by manometric instrument with piercing device (1-CUBE, Czech Re-
public). The device enables short connection to atmosphere (below 1
s) followed by closing valve again. After piercing the package the in-
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Obr. 1 Ztrata hmotnosti srovnavaciho piva (N) a piva s nachylnosti
ke gushingu (G) (obé 0,5 1, 22 °C) pro rlizné doby tfepani/klidu ve
dnech (d) nebo tydnech (w). Cisla vedle kfivek udavaji pfepé&nény
objem (QV) / Fig. 1 Mass loss of beer without (N) or with tendency
to gushing (G) (both 0.5 I, 22 °C) for various time of shaking/rest
expressed in days (d) or weeks (w). The numbers near the curves
gives overflowed volume

Obr. 2 Ztrata hmotnosti srovnavaciho piva (N) a piva s nachylnosti
ke gushingu (G) (obé 0,5 I, 25 °C) pro ruzné doby tfepani/klidu ve
dnech (d) nebo tydnech (w). Cisla vedle kfivek udavaji pfepénény
objem (QV) / Fig. 2 Mass loss of beer without (N) or with tendency
to gushing (G) (both 0.5 I, 22 °C) for various time of shaking/rest
expressed in days (d) or weeks (w). The numbers near the curves
gives overflowed volume
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Obr. 3 Narust pretlaku v hrdle lahve po otevieni a uzavieni lahve se
srovnavacim pivem (N) a pivem nachylnym ke gushingu (G) (obé
0,5 1, 22 °C) pro rlizné doby tfepani/klidu ve dnech (d) nebo tydnech
(w) / Fig. 3 The overpressure growth of CO, in the bottle headspace
after opening and closing of the bottle without (N) or with tendency
to gushing (G) (both 0.5 I, 22 °C) for various time of shaking/rest
expressed in days (d) or weeks (w)

Po propichnuti uzavéru obalu se odpustil vnitini pretlak a po novém
uzavieni se méfil opétovny narGst tlaku CO, unikajiciho z napoje.
Nova ustalena hodnota pretlaku se oznacovala jako pseudorovno-
vazny tlak (PEP: Pesudo-equilibrium Pressure). Za ustéleni této
hodnoty se povazovaly dostate¢né malé zmény tlaku ve srovnani
s jeho pfedchozim priibéhem. Po dosazeni kone¢né rovnovahy se
PEP rovna rovnovaznému pretlaku CO,.

2.3 Narust pretlaku v hrdle lahve po jejim pohybu

Z uzaviené lahve se odpustil pretlak, po opétovném uzavreni se
lahev otodila dnem vzhUru a zpét a zaznamenaval se narlst pretiaku
po dobu 4 min. Po ustaleni pseudorovnovazné hodnoty se tento po-
stup opakoval az do dosazeni rovnovazné hodnoty.

2.4 Stanoveni gushingového potencialu piva z lezackého
sklepa
Vzorek piva z lezackého tanku pred filtraci se beze ztraty CO, ode-
bral do dvou lahvi, které se po uzavfeni korunkou tfepaly 1 den na
tfepacéce s frekvenci 100 min'. Po 1 h odpocinku se lahve oteviely
a vazenim stanovilo mnozstvi preteklého piva.

2.5 Stanoveni gushingového potencialu stoéeného piva

Tfi lahve piva z jedné staCky se odebraly a tfepaly 1 den na tre-
pacce s frekvenci 100 min'. Po 1 h odpodinku se ldhve oteviely
a vazenim stanovilo preteklé mnozstvi piva. Vysledek se vyjadioval
jako primér preteklého mnozstvi ze tfi lahvi.

Obr. 4 Narust pretlaku v hrdle lahve po otevieni a uzavieni lahve se
srovnavacim pivem (N) a pivem nachylnym ke gushingu (G) (obé 0,5
I, 22 °C). R — opétovné otevfeni lahve se vzorkem, S — vzorek s pry-
zovou zétkou / Fig. 4 The overpressure growth of CO, in the bottle
headspace after opening and closing of the bottle without (N) or with
tendency to gushing (G) (both 0.5 I, 22 °C). R — repeating openning
and closing of the bottle, sample with rubber stopper

ternal pressure was released and after closing it the CO, pressure in-
crease was measured again. New stable pressure value was called
PEP (Pesudo-equilibrium Pressure). This pressure was considered
to be stable when it changed very slowly in comparison to the previ-
ous course. After reaching the final equilibrium value responded to
the real equilibrium pressure of CO.,.

2.3 The pressure increase in the headspace of the bottle after
its movement
The pressure in the headspace was released and headspace
sealed again. The bottle was turned upside down and back and pres-
sure value was recorded for 4 min. This procedure was repeated
until the equilibrium value was reached.

2.4 Determination of gushing potential of beer from the lager cellar
A sample of beer before filtration was taken from a cellar tank into
two bottles without loss of CO,. The bottles were crowned and shaken
for 1 day (frequency of 100 min"') on a horizontal shaker. After 1 h of
rest the bottles were opened and the amount of overflowed beer was
determined by weighing and expressed as average of both values.

2.5 Determination of gushing potential from the bottled beer
Three bottles of beer from one bottling batch were shaken for 1 day
(frequency of 100 min') on a horizontal shaker. After 1 h of rest the bot-
tles were opened and the amount of overflowed beer was determined
by weighing. The result was expressed as the mean over three bottles.
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Obr. 5 Hodnota pseudorovnovazného tlaku PEP (kPa) pro srovna-
vaci pivo (N) a pivo nachylné ke gushingu (G) (obé 0,5 I, 22 °C)
a r(zné doby tfepani/klidu ve dnech (d) a tydnech (w) / Fig. 5 Pseu-
do-equilibrium overpressure value PEP (kPa) of beer without (N) or
with tendency to gushing (G) (both 0.5 I, 22 °C) for various time of
shaking/rest expressed in days (d) or weeks (w)

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

2.7 Pryzové zatky

Pryzové zatky (kat. ¢islo 2201.1014) s hornim pramérem 14,5
mm, dolnim primérem 10,5 mm, vy$kou 20 mm a hmotnosti 3,6 g
(Fischer Scientific, CR).

2.8 Pokusna piva

Piva z rGznych ¢eskych pivovar( pochazela z maloobchodu a pro
kontrolni Gcely se skladovala v klidu pfi 20 °C az po dobu 1 roku po
zaruce. Z tohoto souboru se vybiraly vzorky pro testovani. Doba po
zaruce v okamziku testu se vyjadfovala kladnym pocétem dni, doba
zbyvajici do konce zéruky zadpornym poctem dni. Obé& hodnoty se
zaokrouhlily na desitky dni. Po¢ate¢ni obsah oxidu uhli¢itého v téch-
to pivech se pohyboval v rozmezi 0,45 az 0,55 %. Stafi piv po jeho
sto€eni nebylo mozné zjistit, protoze vyrobci obvykle neuvadéji da-
tum stoceni, ale pouze zaruéni Ih{tu.

Jako srovnavaci pivo nevykazujici gushing (N — normal beer,
blank) se pouzil lezak 1 mésic po stoceni a pivo nachylné na gushing
(G) ze stejného pivovaru, vybrané vazkovym stanovenim rychlosti
Uniku CO, z napoje a podle mnozstvi piva pfeteklého po otevieni
lahve (OV — Overflowed Volume), (Savel a Kosin, 2014).

3 VYSLEDKY MERENI A DISKUSE

3.1 Vliv doby tfepani a odpoéinku na rychlost
uniku CO,

Srovnavaci lezak (N) a pivo nachylné ke gushingu (G) uchovava-
né v klidu nevykazovaly po otevieni Idhve gushing (OV = 0 ml). Obé
piva se tfepala 1 d s nasledujicim odpocinkem po 1 hodinu nebo 1
den a méfil se jejich ubytek hmotnosti po otevreni lahve. Postup se
opakoval s dobou tiepani 1 a 3 tydny opét s dobou odpocinku 1 h
atld.

Ztrata hmotnosti piva G byla vy$Si, nez u piva N, i kdyz piva po
otevieni nepretekla. Naopak jiz po 1 dnu tfepani s 1 h odpocinkem
se obé piva liila jak ztratou hmotnosti, tak vy$8im pfeteklym ob-
jemem (obr. 1). Tento trend jesté zesilil po 1 a 3 tydnech tfepani,
unik CO, navic vétSinou klesal s dobou odpocinku po tfepani. In-
tenzita gushingu i rychlost Uniku vzristaly s dobou tfepani a klesaly
s dobou odpo¢inku, i kdyz korelace mezi nimi nebyla jednozna¢na
(obr. 2).

3.2 Manometrické méfeni narustu pretlaku CO, po otevieni
lahve

Lahve s pivem se tfepaly 1 den a po 1 h odpocinku se po jejich
propichnuti a odpusténi pretlaku méfil jeho opétovny narlist. Pokus
se opakoval s tfepanim po 1 tydnu, opét s 1 h odpoc€inku (obr. 3). Vy-
sledky méfeni odpovidaly vysledkim vazkového méfeni tniku CO,.
Mérfeni narlistu pretlaku Ize proto pouzit jako rychly vybérovy test
nachylnosti piva ke gushingu.

Obr. 6 Hodnoty pseudorovnovazného tlaku PEP po otevfeni, novém
uzavfeni lahve a jejim prevraceni. Pfevraceni lahve se opakova-
lo vzdy po 4 min se srovnavacim pivem (N) pfi teplotach piva 22
a 28 °C a s pivem nachylnym ke gushingu pfi 22 °C / Fig. 6 Pseudo-
-equilibrium overpressure value PEP (kPa) of beer without (N) at 22
and 28 °C and with tendency to gushing (G) at 22 °C after turning the
bottle upside and down

2.6 Laboratory shaker
Laboratory shaker (Kiihner , Germany) for shaking horizontally placed
bottles with amplitude 50 mm and a frequency of 100 min'* at 20 °C.

2.7 Rubber stoppers

Rubber stoppers (Cat. No. 2201.1014 ) with a top diameter 14.5
mm, bottom diameter 10.5 mm, height 20 mm and a weight 3.6
grams (Fischer Scientific, CR).

2.8 Experimental beer

Czech beers from different breweries came from the retail sector
and were stored at rest at 20 °C for up to 1 year. The beer age was
expressed by positive number of days after best before date at the
time of experiment. Negative numbers of days have a meaning of
time to the end of best before date. Both values were rounded to ten
days. Initial content of carbon dioxide in these beers ranged between
0.45 and 0.55%. Age of beers after bottling could not be determined
because manufacturers usually do not date production time, but only
best before date.

As a comparative non gushing beer (N — normal beer, blank) was
used the lager one month old after bottling. Beer with tendency to gush-
ing (G) was taken from the same brewery, selected by gravimetric de-
termination of the rate of CO, escape from a beverage together with
OV - overflowed volume (OV) determination (Savel and Kosin, 2014).

3 RESULTS AND DISCUSSION

3.1 Effect of shaking and rest time on the rate of CO, escape

Comparative lager (N) and beer with tendency to gushing (G) kept
at rest did not show gushing after opening the bottle (OV = 0 ml).
Both beers were shaken for 1 day followed by rest for 1 hour or 1
day and mass loss was measured after opening the bottle. The pro-
cedure was repeated with period of 1 or 3 weeks of shaking followed
by 1 hour or 1 day rest.

The mass loss of beer G was higher than that of comparative beer
despite the fact that the beer after the opening bottle did not overflow.
Contrarily after 1 day shaking combined with 1 hour rest the beers var-
ied with both mass loss and overflowed volume (Fig. 7). This trend grew
with prolonged shaking of 1 or 3 weeks. Escape rate of CO, usually
decreased with time of rest after shaking. The gushing intensity and
overflowed volume increased with time of shaking and decreased with
time rest, although the correlation between them was not clear (Fig. 2).

3.2 Manometric measurement of CO, pressure after opening
the bottle

Bottles of beer were shaken for one day and after 1 hour of rest
the crown was pierced, the valve was open and closed again and
the pressure increase was measured. The experiment was repeated
with shaking for 1 week followed by 1 hour of rest (Fig. 3). The results
of the measurement responded to the mass loss measurement. The
manometric measurement could therefore be used as a quick test of
the tendency to gushing.
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3.3 Vliv velikosti pocate¢niho pretlaku na jeho opétovny
narast

Lahve s pivy (N, G) se opatrné oteviely, do nékterych (NS) vlozily
pryzove zatky (S — stopper) a ihned uzavfely bez uniku piva z lahve.
PryZova zatka je U¢innym iniciatorem uniku CO, z piva (Savel a Ko-
8in, 2014). Po propichnuti korunky a rychlém odpusténi CO, z hrdla
lahve se méfil opétovny narlst tlaku (obr. 4). Tlak CO, obvykle nedo-
sahne rovnovazného tlaku, ale ustali se na jeho nizsi hodnoté, ktera
se oznaduje jako pseudorovnovazna. Po dosazeni pseudorovnovaz-
ného tlaku se dosazeny pretlak odpustil a znovu méfil tlakovy narlst
(R — repetition).

Velikost nového pseudorovnovazného tlaku byla vzdy nizsi, nez
u puvodniho vzorku, coz mize byt zplsobeno ¢aste¢nou ztratou
CO, nebo aktivity ¢astic, zpusobujicich vypénéni. Nejmensi rozdil
mezi obéma hodnotami byl u vzorku s pryzovou zatkou, u nichz u¢in-
nost iniciace opakovénim téméf neklesala (Savel a Kosin, 2014).

3.4 Vliv doby odpocinku po tfepani na narust pretlaku v hrdle
lahve

Pro dlouhodobou studii se piva N a G tfepala po dobu 1 dne, 1, 2
a 3 tydn(, v kombinaci s dobou odpo¢inku 1 h a 1 tyden, nasledova-
nych méfenim pseudorovnovazného tlaku PEP (obr. 5).

Hodnoty PEP mezi pivy N a G rostly s dobou tfepani az do usta-
leni této hodnoty, ktera byla pro obé piva stejna. Toto pozorovani
odpovida pfedstavé ¢astic spojenych s mikrobublinkami plynu, ktery
postupné ziskavaji z kapaliny. Po rychlém poklesu tlaku se bublinky
uvolni a proces se opakuje. Studium gushingu musi proto zahrnovat
vliv obsahu plynll v plynné i kapalné fazi syceného napoje. Tyto ¢as-
tice Ize postupné aktivovat riizné dlouhym tfepanim do maximalni
hodnoty obsahu vazaného CO,.

S dlouhou dobou skladovani mlze tato schopnost i klesat, napf.
postupnym unikem CO, vazaného na pevnych €asticich, napf. pfi
nedostatec¢né tésnici korunce, pficemz dale zalezi na tlakovém spa-
du v okamziku otevieni lahve. Podobné Ize schopnost vypéfiovat do
jisté miry potlagit velmi pomalym odpousténim pretlaku proti pdvodni
atmosfére, pficemz pfi pohybu klidné pfesycené kapaliny v neuza-
viené lahvi naopak stadil jeji relativné slaby pohyb k intenzivnimu
Uniku CO,.

S timto mechanismem souhlasi i narGst tlaku po otevieni a novém
uzavfeni lahve. Také v tomto pfipadé s kazdym dalSim pfevrace-
nim lahve se ziskala nova pseudorovnovazna hodnota tlaku, coz
Ize vysvétlit odtrzenim nékterych bublinek CO, vazanych na pevné
Castice. Piva se schopnosti gushingu uvolfiovala bublinky snaze, ale
hodnoty rovnovazného pretlaku zUstaly stejné. Navic tato schopnost
byla silné zavisla na teploté, stejné jako rozpustnost a tim i hodnota
rovnovazného pretlaku v kapaliné.

3.5 Vliv kratkého odpocinku po tfepani na nardst pretlaku
v hrdle lahve

Po intenzivnim protfepani lahve, odpocinku a nasledném otevreni
pivo pfepériuje, ale tato schopnost se rychle ztraci s rostouci dobou
odpocinku, béhem niz se mikrobubliny pohybuiji k hladiné kapaliny.
ProtoZe o rGstu bublin rozhoduje rychlost difuze CO, z okolni kapali-
ny, je mnozstvi uniklého CO, umérné této dobé.

Na stejném principu se zakladaji v literatufe popsané testy s jed-
nim nebo vicenasobném oto¢enim lahve a jejim otevienim po rela-
tivné kratké dobé, pohybuijici se v desitkach sekund. Pfitom se pred-
poklada rychly unik mikrobublin generovanych mirnym pohybem.

Podle nasich zkuSenosti orientaéni testy s delSi dobou tfepani
srovnavaciho piva (N) po 1,5 a 15 min s frekvenci kyv(l 100 — 250
za minutu prokazaly uklidnéni (ustaleni hodnoty PEP) piva jiz po 15
min odpocinku.

Zavislost vlivu pohybu kapaliny a jeji teploty na rychlost tniku CO,
se ziskala méfenim hodnoty PEP pfi postupném prevraceni lahve
(obr. 6).

Celkové mnozstvi CO, v uzavieném obalu zahrnuje plyn v riz-
nych fazich podle vztahu:

(1) m=my+m, +m,+my

kde m je celkové mnozstvi CO, v obalu, m, je jeho mnozstvi rozpu$§-
téné v kapaling, m, je jeho mnozZstvi v mikrobublinach, rozptylenych
v kapaling, m, je mnozstvi CO, vazané na pevnych ¢asticich a m, je
mnozstvi CO, v hrdlovém prostoru, pfi€emz po poruseni rovnovahy
se méni vzajemny pomeér jednotlivych €asti. Po otevfeni lahve je nut-
né zahrnout mnozstvi CO, pfitomné v péné.

Stejna bilance plati i u inicianich plyn{ pfitomnych v lahvi, napf.
u kysliku. Kyslik také mlze vznikat oxidaéné-redukénimi pochody

3.3 The influence of initial pressure on its re-growth

Bottles of beers (N, G) were carefully opened, rubber stoppers (S —
stopper) were put into some of them (NS) and closed immediately with-
out beer overflowing from the bottle. The rubber stopper was proved as
an effective initiator of CO, escape from beer (Savel and KoS$in, 2014).
After piercing the crown and short releasing of CO, from the bottle the
pressure increase was recorded (Fig. 4). Usually the CO, pressure did
not reach an equilibrium pressure, but settles to its lower value called
pseudo-equilibrium value. After reaching the pseudo-equilibrium pres-
sure the procedure was repeated (R — repetition).

The value of the new pseudo-equilibrium pressure was always
lower than that of the original sample, which may be caused by the
partial loss of CO, or low gushing activity of the particles. The small-
est difference between the two values was reached with a rubber
stopper, in which the efficiency of initiation almost did not decline
(Savel and Kosin, 2014).

3.4 Effect of the rest after shaking on growth of the pressure in
the bottle headspace

In the long-term study the beer N and G were shaken for 1 day, 1,
2 and 3 weeks, in combination with the rest of 1 hour or 1 week, fol-
lowed by pseudo-equilibrium pressure (PEP) measurement (Fig. 5).

The PEP values grew with shaking time until PEP reached the
saturation value that was the same for both beers. This observation
is consistent with the image of particles saturated with gas micro-
bubbles, which were obtained from the liquid. After a rapid drop of
pressure the bubbles are released and the process is repeated. The
study of gushing must therefore include the effect of gas content in
the gas and liquid phase in carbonated beverage. These particles
can be gradually activated gradually by long agitation up to a maxi-
mum value of CO, bound.

With a long storage time, this ability may even decrease, for ex-
ample by gradual leakage of CO, originally bound to solid particles
caused by insufficiently sealed crown. The pressure gradient at the
time of opening the bottle is also important. Similarly, the gushing
can be suppressed by very slow opening of the bottle.

This mechanism agrees with pressure increase after opening and
closing bottle. If the closed bottle is turned upside down, the new
pseudo-equilibrium pressure value is obtained, which can be ex-
plained by removing some CO, bubbles bound to the solid patrticles.
At beers with the ability to release the bubbles easier, the final equi-
librium pressure value is reached quickly but it remained the same.
Additionally, this ability was strongly dependent on temperature and
solubility of CO, which responds to the value of the equilibrium pres-
sure in the liquid.

3.5 Effect of short rest after shaking on the pressure increase
in the headspace

After vigorous shaking followed by rest and subsequent bottle
opening the beer overfoamed, but this ability was rapidly lost with
prolonging time of rest during which the microbubbles moved to the
surface of the liquid. Because the growth of bubbles is controlled by
the CO, diffusion the transferred amount of CO, is proportional to the
time of bubbles rising.

Some rapid gushing tests described in the literature uses the
same principle when the bottle is turned up and down repeatedly
and opened in a relatively short period of time about tens of seconds.
The rapid escape of beer is generated by a short turning the bottle.

In our experience, orientation tests with shaking normal beer (N)
for 1.5 or 15 min with a frequency of 100—250 min' showed rapid
stabilization of PEP values already after 15 min of rest.

The dependence of CO, escape rate on beer temperature and its
movement was obtained by measuring the PEP during gradual turn-
ing bottle in vertical direction (Fig. 6).

The total amount of CO, in the closed bottle comprises a gas in
different phases according to the relationship:

(1) m=m,+m, +m,+m,

where mis the total quantity of CO, in the bottle, my is CO, amount
dissolved in the liquid m, is its amount in the microbubbles dispersed
in a liquid, m, is the amount of CO, bound to the solid particles and
m, is amount of CO, in the bottle headspace. If the equilibrium is
disturbed the ratio between these individual parts changes. After
opening the bottle the amount of CO, present in the foam must be
also included.

The same mass balance may be applied to other gases which
can initiate gushing such as nitrogen or oxygen present in the bot-
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v pivu, nebot tvorba a rozklad peroxidu vodiku béhem starnuti piva
jsou véeobecné znamé. Do lahve také mliZe vnikat vzduch a naopak
z ni unikat CO, vlivem netésnosti uzavéru. Rychlost vymény plyn(
mezi fazemi také uréuje priibéh gushingu.

3.6 Kineticky model pfenosu CO, rozpusténého v sycené
kapaliné do hrdla lahve

V pfedchozim sdéleni (Savel a Kosin 2013; 2014) byl navrzen
model zasoby plynu v pevném nebo pruzném zasobniku s urcitou
kapacitou a odporem jeho vypustni cesty, ktery se v makroméfitku
shoduje napf. s chovanim widgetu, uvolfujiciho iniciaéni plyn pfi
nahlém poklesu tlaku, ale pfi jeho velmi pomalém poklesu se ten-
to ucinek ztraci. PFi elektrickém, nebo pneumatickém modelovani je
toto chovani vyjadfeno modelem RC (Resistence Capacity), podle
kterého plyn unika riiznou dobu pfi jakémkoliv tlaku plynu, prevysu-
jicim okolni tlak.

Model vysvétluje chovani nasyceného roztoku CO, po otevieni
lahve, nebot po skokovém poklesu tlaku se snazi unikajici CO, do-
sahnout rovnovazné hodnoty tlaku po novém uzavieni lahve. V pivu
v oteviené lahvi klesne koncentrace CO, na hodnotu odpovidajici
rozpustnosti plynu pfi atmosférickém tlaku. V obou pfipadech se
vSak unik CO, zpravidla zastavi na pseudorovnovazné poloze jesté
pfed dosaZzenim koneéné rovnovahy.

Bouflivy unik CO, z roztoku po otevieni lahve je analogii varu pfi
dosazeni dostateéného tlaku vodnich par, coz opét zprostiedkuji
nukleaéni pevné ¢astice. Dokonale Cista voda zacne vfit az pfi vy-
razné vyssi teploté, nez je bod varu. Para naproti tomu ihned unika
z Papinova vzorce po nadzvednuti pojistného ventilu.

Také postupné ustavovani pseudorovnovahy tlaku uvniti zavie-
né lahve pfi jejim opakovaném pfevraceni vyhovuje tomuto modelu.
Ustaleny pseudorovnovazny tlak Ize narusit pouze dalSim pohybem
lahve.

Po zahajeni pfestupu plynu do dalSi pseudo- nebo skute¢né rov-
novahy Ize prestup plynu popsat jednoduchou kinetickou rovnici ve
tvaru:

) dp*-p)_ K.

dt \
kde p je aktualni parcialni pfetlak CO, s pseudorovnovaznou hod-
notou p* nad kapalinou, K je kineticka konstanta pfestupu CO,z mi-
krobublin v kapalné fazi do plynového prostoru s objemem V nad
kapalinou. Hodnota pseudorovnovazného i rovnovazného pretlaku p
je rovnéz silne zavisla na teploté, jak odpovida zavislosti rozpustnos-
ti CO, na teploté a tlaku. ReSenim rovnice je exponencidlni pribéh
pretlaku v dase (Savel a Kosin, 2014).

Po otevfeni lahve pfi normalnim atmosférickém tlaku je pfetlak p,
=0 a po dosazeni rovnovazného pretlaku je p*= p,,. Pfestoze rozdi-
ly pretlakt v zavorkach jsou méreny pretlakovym manometrem, jsou
tyto hodnoty ¢&iselné shodné s rozdilem odpovidajicich absolutnich
tlaka CO.,.

Konstanta K zahrnuje jak parametry pfestupu plynu z jeho zasob-
niku v mikrobublinach, tak pfestup CO, plivodné rozpusténého v ka-
paliné do mikrobublin. Mikrobubliny se mohou vytvofit na pevném
povrchu, na €asticich pfitomnych v kapaliné, nebo se po odtrzeni od
pevného povrchu samostatné vznaseji v kapaliné. Na hodnotu Kma
vliv pfitomnost latek, snizujicich pevnost vazby mikrobublinek k po-
vrchu pevnych ¢astic. PFi pfenosu plynu do uzavieného prostoru,
napf. hrdla lahve je do vztahu (1) nutné zahrnout objem hrdlového
prostoru V.

Stupen presyceni roztoku proti atmosférickému tlaku vyuziva po-
méru absolutnich tlaka:

3) o Peq _ Peq +101,325 _ Peq +101,325
P, P.,+101325 101,325

Patm
kde s je tzv. stupen pfesyceni roztoku proti normalnimu tlaku, P, je
absolutni tlak CO,, P, je normalni atmosféricky tlak 101,3255 kPa,
Pam j€ pretlak CO, proti atmosférickému tlaku a je proto nulovy.

Ustaveni pseudorovnovazného tlaku odpovida doplnéni modelu
prvkem oboustranného pretlaéného ventilu, ktery mize do zasobni-
ku vpoustét, nebo z néj odpoustét plyn pfi zménach okolniho tlaku az
po dosazeni kritické hodnoty tlaku nutného k jeho otevreni.

Podle tohoto modelu je mozné zasobnik plynu na ¢asticich ,nabit”
pfi opakovaném kolisani tlaku kolem rovnovahy tfepanim a naopak
ho ,vybit“ pfi skokovém tlakovém poklesu na novou hodnotu, napf.
po otevieni lahve. Ventil se také muze otevfit vnéjSim silovym im-
pulsem, napf. pfekonanim ,aktivacni energie” pohybem kapaliny po
jejim naliti, coz rovnéz odpovida novému ustaveni pseudorovnovaz-
ného tlaku.

(P*-p)

tle. Oxygen may also be formed by oxidation reduction processes in
beer through the formation and decomposition of hydrogen peroxide
during beer aging. Air can also enter the bottle under its crown and
CO, escape from it. Rate of gas exchange between the gas and lig-
uid phase therefore also determines the course of gushing.

3.6 Kinetic model of CO, transfer between carbonated liquid
and bottle headspace

In a previous article (Savel and Kosin, 2013; 2014) we have pro-
posed a model of gas in rigid or elastic container with a capacitance
and output resistance. This macro model responds to the behavior
of the widget from which gas is released at sudden headspace pres-
sure drop, but this effect disappears when the gas escape is slow.
Electric or pneumatic modeling uses so called RC (Resistance Ca-
pacity) model, which describes the gas escape at any gas pressure
exceeding the ambient atmospheric pressure.

The model explains the behavior of a saturated solution of CO,
after opening the bottle, because after sudden pressure drop and
new closing of the bottle the system is trying to reach the new CO,
equilibrium pressure. With opening the bottle the CO, concentration
decreases to a value corresponding to the CO, solubility at atmos-
pheric pressure. In both cases, however, the escape of CO, usually
stops before the final equilibrium is reached.

Turbulent release of CO, from the solution after opening of the
bottle is analogous to a boil of liquid, which is mediated by nucleation
particles. Absolutely clean water begins to boil at a much higher tem-
perature than its boiling point. On the other hand, steam turbulently
escapes from pressure cooker after opening of its relief valve.

Pressure changes inside the newly closed bottle during repeated
turning also satisfies this model. Pseudo-equilibrium pressure value
can be disrupted just by another movement of the bottle.

After the start of the gas transfer to reach other pseudo- or true
equilibrium value the pressure changes can be described by a sim-
ple kinetic equation:

dp*-p)

@ = v (
where p is the actual partial overpressure of CO, with pseudo-equ-
librium value p* above the liquid, K is the kinetic constant for the
transfer of CO, from the microbubbles in the liquid phase into the gas
headspace volume V. Pseudo-equilibrium pressure values p and p*
are also strongly dependent on the temperature which corresponds
to the CO, solubility dependence on the temperature and pressure.
The solution of the equation gives exponential pressure dependence
on the time (Savel and Kosin, 2014).

After opening the bottle at normal atmospheric pressure the over-
pressure p, = 0 and at final equilibrium pressure p* = p,,. Although
the overpressure differences in parentheses of formula (2) are meas-
ured by pressure gauge, these values are numerically equal to the
difference of the corresponding absolute pressure CO,.

The constant K includes both transfer coefficient of CO, initially dis-
solved in the liquid to the microbubbles and that of gas transfer from
the microbubbles to gas phase. Microbubbles may be formed on the
solid surface of the bottle wall, on the particles present in the liquid or
comprise those floating individually in the liquid after their separation
from the solid surface. The K value is influenced by the presence of
substances lowering the bond strength of microbubbles to the surface
of solid particles. The gas transfer to a limited space such as a bottle
headspace in equation (2) the headspace volume V must be included

The degree of gas supersaturation of the solution to the atmos-
pheric pressure uses the ratio of corresponding absolute pressures:

@) o Pea _ Py 101325 _p,,+101.325
P, P.,+101.325  101.325

Patm
where sis the degree of supersaturation of the solution related to the
normal pressure, P, is the absolute CO, pressure , P, is the normal
atmospheric pressure 101.3255 kPa, p,,, is the CO, overpressure to
the atmospheric pressure which is therefore zero.

Fort the real description of pressure changes the basic macro-
scopic model comprising capacity and resistance must be supple-
mented with both side “relief valve” which enables input or output of
another gas after overstepping opening value.

In this model the gas reservoir (capacity) can be “charged” dur-
ing shaking beer near the equilibrium value or “discharged” at step
pressure decrease to new value after bottle opening. The theoretical
relief valve may be opened by external force impulse if the “activity
energy” is overstepped during pouring beer from the bottle to the
glass.

p*-p)
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Tab.1 Pseudorovnovazny tlak PEP (kPa) u piv z rGznych pivovar( / Table 1 Pseudo-equilibrium overpressure PEP (kPa) of beers from

various breweries

Pivovar Pocet vzork Doba po zaruce Pseudorovnovazny tlak PEP (kPa)
Brewery Number of samples Days(g ;‘t\e’z’ pest Pseudo-equilibrium pressure (kPa) __
before date (days) Min Max :;:2;;

A 9 -60 — +230 20 90 43.9

B 7 -20 — +80 20 75 39.0

C 9 -120 — +350 20 90 53.2

D 6 -90 — +320 10 35 21.0

E 8 -170 — +190 15 30 18.8
F 7 -20 — +360 15 22 18.1

Na mikroskopické urovni Ize predpokladat existenci mikrobublinek
plynu, vdzanou rGzné pevnou vazbou k pevné ¢astici. Do mikrobub-
linky mGze z kapaliny difundovat rozpustény plyn a tak zvétSovat
jeji objem. Soucasné se zvétSuje vztlakova sila, kterd po prekonani
sily vazby umozni bublince vzestup k hladiné. Tato situace odpovida
otevieni ,pojistného ventilu“ v makromodelu.

Pohybem okolni kapaliny Ize urychlit jak difuzi plynu dovnitf bub-
linky, tak jeji odtrhavani. Pfi nahlém poklesu tlaku se mize bublina
odtrhnout, nebo dokonce prasknout, coz miize vyvolat rychly unik
CO,.

Vysledky méfeni formalné odpovidaji modelu plynu, vazaného ad-
sorpci k pevnému povrchu ¢astice. Pfi konstantni teploté vyjadfuje
tento vztah adsorpéni isoterma, ur€ujici kone¢né mnozstvi adsorbo-
vaného plynu na pevném povrchu. MnoZstvi adsorbovaného tlaku
je umeérné okolnimu tlaku v kapaliné a u pevného povrchu jesté ve-
likosti mezipovrchového napéti. Langmuirova rovnice predpoklada
dynamickou rovnovahu mezi plynem, plivodné rozpusténym v kapa-
liné a vazanym v omezeném mnozstvi na povrchu ¢astic. Vzhledem
k rychlé desorpci plynu a jeho pomalé adsorpci postaéi k tniku plynu
otevieni lahve, ale k novému nasyceni ¢astic je zapotiebi dlouhé
tfepani.

PFi popisu Uniku a vazby v8ech v kapaliné rozpusténych plynt
k pevnému povrchu je nutné uvazovat tyto parametry pro jednot-
livé plyny, nebot napf. do bublinek kysliku nebo dusiku mize di-
fundovat CO, rozpustény v kapaliné. Popis uniku CO, musi proto
zahrnovat hodnoty rozpustnosti plynd v kapaliné (Henryho kon-
stanty), jejich difuzni koeficienty a hodnoty mezifazového povrcho-
vého napéti.

Dokonaly iniciator uvolfiovani CO, je schopen ho uvolnit i pfi nepa-
trném pohybu kapaliny a naopak znovu z kapaliny adsorbovat oxid
uhli¢ity. Tento proces se mlze dale urychlit pfitomnosti ostatnich
plynd s rozdilnou rozpustnosti a rizné pevnou vazbou mezi ¢astici
plynu a kapalinou. Obsah plynd, vadzanych na povrch &astic, mize
s postupnym Unikem klesat, popf. setrvavat na stalé hodnoté.

3.7 Vliv druhu a stafi piva na narust pretlaku v hrdle lahve

Ze souboru lahvi skladovanych v klidu pfi 20 °C se vybraly vzorky
piv z pivovar(l A-F a méfil se narlst pretlaku na pseudorovnovaznou
hodnotu (PEP) za dobu 4 min (tab.1). Piva z pivovart A, B, C byla
zfejmé nachylnéjsi ke gushingu, nez piva D, E, F.

U nékterych piv hodnoty PEP klesaly, u jinych stoupaly s rostouci
dobou po zaruce. U téchto vzorkl se také potvrdila vzajemna souvis-
lost mezi vdzkovym stanovenim uniku CO, a hodnotou PEP. Nepo-
dafilo se vSak prokazat souvislost mezi intenzitou koloidniho zakalu
a PEP (neukazano).

Castice usnadnujici pfenos CO, z kapalné do plynné faze pocha-
zeji pravdépodobné jiz ze suroviny, jak to predpoklada vétsina teorii
vzniku gushingu, jejich gushingovy potencial vSak zavisi na rezimu
syceni napoje a na kone¢né koncentraci CO, v napoji. Povaha a ve-
likost téchto ¢astic se mize v pribéhu skladovani ménit a tim Ize
vysvétlit pokles nebo nardst gushingového potencialu. Vzhledem
k aerobnimu metabolismu plisni I1ze pfedpokladat i vyskyt nanobub-
lin na jejich produktech v kapaliné.

MnozZstvi a aktivita ¢astic miize souviset s napadenim jeCmene
plisnéni, nebot plisné produkuji jak hydrofobiny, tak oxalaty, které
se v8eobecné spojuji s vyskytem gushingu. Z hlediska mechanis-
mu pfepénovani se v pivu mohou vyskytovat jak latky, usnadiuiji-
ci odtrhavani mikrobublinek z pevnych &astic, tak latky zpomalujici
stoupani bublinek k povrchu a tim zvySujici pfenos CO, z kapalné
do plynné faze.

Microscopic model works with gas microbubbles bound to particle
by a force of different strength. The diffusion of dissolved gas into mi-
crobubble enlarges its volume. The increasing buyoancy overcome
the bound between them and bubble rise to the surface. In macro-
model this situation responds to relief valve opening.

The movement of the surrounding liquid can accelerate both gas
diffusion inside the bubble and its tearing off from the particle. Af-
ter a sudden pressure drop the bubble may tear off or even rupture
which can cause rapid release of CO,.

The results responds formally to the model applies to gases ad-
sorbed on solid surfaces. Adsorption is usually described through
adsorption isotherm. At constant temperature, this relationship
expresses the final amount of gas adsorbed on a solid surface.
The amount is proportional to its partial pressure in the liquid and
the solid surface structure responding to the interfacial tension.
Langmuir equation assumes the dynamic equilibrium between
the dissolved gas present in the liquid and bound in a limited
quantity on the surface of the particles. Although rapid desorp-
tion of gas from the particle is caused by pressure decrease in
the open bottle a long shaking is required for the new saturation
of particles.

In the description of this process, it is necessary to consider sev-
eral parameters for each gas because the CO, dissolved in the liquid
can diffuse into the bubbles of oxygen or nitrogen. The solubility of
gases in liquid (Henry‘s constant), their diffusion coefficients and the
values of the interphase surface tension must be also included.

Efficient initiatio of CO, liberation must be able to release it even
at very slight movement with following adsorption of the dissolved
carbon dioxide again. This process can be further accelerated by the
presence of other gases having different solubility and ability to be
bound to the particle from liquid again. Gas content bound to the par-
ticle surface may gradually decrease or remain at a constant value
for the steady state exchange process.

3.7 The influence of the type and age of the beer on pressure
growth in the headspace

The pseudo-equilibrium pressure (PEP) was measured for the
samples selected from the set of the bottled beer stored at rest at
20 °C (Table 1). The beers from breweries A, B, C had higher ten-
dency to gushing than those from D, E, F.

PEP values of some beers decreased, the others increased with
increasing storage time. For these samples the correlation between
gravimetric determination of CO, liberation and the value of PEP was
also confirmed. The link between the intensity of colloidal turbidity
and PEP was not confirmed (results not shown).

The particles enabling the transfer of CO, from the liquid to the gase-
ous phase probably originate from the raw material, which is supposed
by most of the theories of gushing. Gushing potential depended on the
final concentration of CO, in the beverage and the way of beverage
carbonation. The nature and size of the particles can change during
storage and that could explain the decrease or increase of gushing
potential. Occurrence and bond of nanobubbles might be influenced
by hydrophobic compounds produced by aerobic fungi.

Amount and activity of the particles can be associated with fungi
attack of barley because fungi produce both hydrophobins and oxa-
lates, which are generally associated with the occurrence of gushing.
From the viewpoint of the mechanism both substances enables mi-
crobubbles tearing off of the solid surface and make bubbles to rise
slower which accelerates the transfer of CO, from a liquid to a gase-
ous phase.
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3.8 Praktické zkuSenosti s predpovédi gushingu

Pro pfedpovéd gushingového potencialu z nefiltrovaného piva
z lezackého tanku se sledovalo primérné mnozstvi piva uniklého
ze dvou odebranych lahvi po jednom dni tfepani s 1 h klidu pfed ote-
vienim. Na zakladé tohoto vybéru se pfi filtraci michaly tanky s ne-
nulovym a nulovym gushingovym potencialem (Broz a Kosin, 2012).
Hodnoty pfepénéného mnozstvi piva z obou lahvi se ¢asto zna¢né
liSily, coz Ize pfi¢ist napf. rozdilnému proudéni piva pfi odbéru vzor-
ku, popf. rozdilnému obsahu CO,, vdzanému na pevné &astice. Nej-
vy$Si hodnoty gushingového potencialu u jedné lahve dosahovaly az
100 g piva uniklého z 0,5 | 1dhve, ale ve vét$iné pfipadd se gushing
vyskytl jen u jedné z obou lahvi.

Stocené pivo se testovalo ze tfi odebranych lahvi, pfi€éemz rozptyl
téchto hodnot byl podstatné nizsi nez v pfedchozim testu, zfejmé
diky vyrovnanému rezimu plnéni lahvi. Po otevieni sto¢enych lahvi
se prete€eni nevyskytlo u Zddného vzorku, ale po jednom dni tfepani
se jiz zaznamenal pouze ojedinély vyskyt gushingu.

Vyskyt gushingu zfejmé souvisi s podminkami transportu piva
v obalech. Kriticky mize byt studeny transport s vystavenim zvy-
Sené teploty v misté odbytu, napf. do zemi s teplym poc¢asim. Gu-
shing zjistény pfimo u spotfebitele se vSak vyskytl pouze vzacné.
Piva dlouhodobé ulozena v klidu, kterd nepfepéfovala, véak moh-
la ziskat tuto schopnost tfepanim a jeji vyskyt vzriistal s dobou
tfepani.

Je pravdépodobné, ze zrychleny unik CO, souvisi s pfitomnosti
¢astic, pfirozené se vyskytujicich v pivu a gushing je projevem jejich
nadmeérné koncentrace. Stanoveni Uniku obsahu oxidu uhli¢itého ze
sto¢eného piva by proto mohlo byt vhodnym ukazatelem pravdé-
podobnosti vyskytu gushingu, zejména po opakovaném stanoveni
u vzorkl s prodlouzenym tfepanim. Jednotlivé partie piva by se moh-
ly podrobit gushingovému ,Sokovéani, podobné jako se podrobuji
teplotnimu Sokovani pro pfedpovéd koloidni stability.

Pro pfedpovéd vyskytu gushingu je mozné vyuzit v8ech popsa-
nych zplUsobl mérfeni samovolného Uniku piva, v€etné stanoveni
obsahu zbytkového CO, u piva ponechaného po delsi dobu (napf.
pfes noc) v oteviené lahvi.

4 ZAVER

Gushing, stanoveny jako mnozstvi preteklého piva z lahve, zavi-
si na pocéate€ni koncentraci oxidu uhli¢itého v kapaliné a rychlosti
Uniku tohoto plynu do okolniho prostfedi. Mnozstvi uvolnéného CO,
z kapaliny zavisi na rychlosti stoupani bublinek uvolnéného plynu
v sloupci kapaliny a na rychlosti difuse rozpusténého CO, z roztoku
dovnitf bubliny. MnoZstvi uvolnéného CO, z kapaliny je tmérné dobé
pobytu bubliny v kapaliné.

K pfenosu rozpusténého CO, z kapaliny jsou nutné nerozpustné
nebo koloidni &astice, pfitomné v kapaliné. Castice mohou na svém
povrchu vazat pouze urcité mnozstvi mikrobublinek plynu a v rovno-
vaze je povrch &astic nasycen plynem. Mnozstvi plynu, vazaného
na pevném povrchu je zavislé na jeho koncentraci v kapaliné a na
jeji teplote.

Tento mechanismus formalné odpovida klasické Langmuirové
rovnici adsorpce plynu na pevném povrchu. Pfi poklesu tlaku nad ka-
palinou se uvolni ¢ast plynu z pevnych ¢astic a ustavi se nova pseu-
dorovnovaha mezi mnozstvim CO, v kapaliné a hrdlovém prostoru
obalu. Nové ustavenou pseudorovnovahu Ize narusit mechanickym
pohybem, zpUsobujicim odtrzeni mikrobublinek na pevném povrchu
¢astic do ustaveni nové pseudorovnovahy. Mechanismus uvolfiova-
ni CO, z kapaliny je podobny pro jeho Unik do stalého okolniho tlaku
i pro Unik do tlaku rostouciho v hrdle znovu uzaviené nadoby.

O rychlosti tniku plynu z pevnych ¢&astic rozhoduje pevnost vazby
mikrobublin k pevnému povrchu. Nehomogenni pevny povrch ob-
sahuje mista s rlznou silou vazby mikrobublin k povrchu. Disled-
kem toho je po&atecni rychly unik CO, po otevieni lahve a pozdéjsi
pomalejSi ustavovani rovnovahy. Bez existence aktivnich pevnych
¢astic prechazi CO, do plynné faze velmi pomalu pouze difusi.

Vyskyt gushingu zavisi na mnozstvi a vlastnostech nuklea¢nich
¢astic pfitomnych v kapaling, na obsahu rozpusténého CO,, teploté
a na vlastnostech kapaliny, zejména jeji hustoté a viskozité, které
rozhoduji 0 dobé prdchodu uvolnénych bublin kapalinou.

Castice iniciujici gushing jsou pfitomny v kazdém pivu v rlizné
koncentraci a lisi se silou vazby plynu k pevnému povrchu. Doba,
potfebna k jejich nasyceni plynem vyzaduje dlouhodobé tfepani a je
podstatné delSi nez doba jejich uvolnéni.

Proces prestupu plynu se mize vyrazné urychlit za pfitomnosti
dalSich plyn kromé CO,. Kinetiku prestupu CO, z kapalné do plynné

3.8 Practical experience with the predictions of gushing

The gushing potential of unfiltered lager beer was determined from
the two bottles sample from one tank by their one day shaking fol-
lowed by 1 h rest before opening. Blending beers from tanks with
non-zero and zero gushing potential could eliminate gushing (Broz
and Kosin, 2012).

Gushing potential of beer in both bottles often varied considerably,
which might be attributed to both the flow differences in during beer
sampling and the CO, amount bound to solid particles. Overflowed
amount of beer from one of the bottle reached up to 100 g of beer
for a 0.5 liter bottle, but in most cases gushing occurred only in one
of the two bottles.

Bottled beer was tested from three bottles sample and the vari-
ance of these values was significantly lower than that obtained in the
previous test, probably due to the balanced filling regime. After open-
ing the bottles which has been standing for 1 day and longer after
bottling no gushing occurred and after one day shaking test only very
rare occurrence of gushing was recorded.

The occurrence of gushing is apparently linked to the conditions
of beer transport. Critical regime could be cold transport followed by
beer exposure to elevated temperature at the point of sales which
is typical of countries with warm weather. Gushing detected by con-
sumer, however, occurred only very rarely. Beer with long-term stor-
age without transport did not overflow, but it could gain this ability by
shaking and its incidence increased with shaking time.

It is likely that the rapid escape of CO, is linked to the presence
of particles, naturally occurring in beer or its intermediates and the
gushing is a manifestation of their high concentrations. Determina-
tion of escape rate of carbon dioxide from bottled beer could there-
fore be a good indicator of the probability of occurrence of gushing,
especially after on samples with prolonged shaking. Each batch of
beer could undergo ,gushing forced test“ which would be an analogy
to the prediction of colloidal stability.

To predict the occurrence of gushing all possible ways could be
used including the determination of residual CO, in open beer bottle
standing for a longer period of time (e.g. overnight).

4 CONCLUSIONS

Gushing, determined as the amount of overflowed beer from the
bottle depends on both the initial concentration of carbon dioxide in
the beverage and the rate of its escape into the surrounding atmos-
phere. The amount of CO, transferred from the liquid depends on the
rising speed of gas bubbles released in the liquid and the rate of CO,
diffusion from the solution inside the bubbles. The amount of CO,
released from the liquid is therefore proportional to the residence
time of the bubbles in the liquid.

Solid or colloidal particles present in the fluid are needed for the
transfer of dissolved CO, from the liquid to gas headspace. The par-
ticles can bind only a limited amount of gas on their surface in the
form of microbubbles and the particle surface is saturated with gas in
equilibrium. The amount of gas, bound to a solid surface is depend-
ent on its concentration in the liquid and its temperature.

This mechanism is formally equivalent to the classical equation de-
scribing gas adsorption on the solid surface. When the pressure in the
bottle is released the new pseudo-equilibrium is established between
the amount of CO, in the liquid and that in the headspace of package.
The newly established pseudo-equilibrium can be disturbed the me-
chanical movement, causing separation of the microbubbles from the
solid surface of the particles. The mechanism of release of CO, from
the fluid is similar to its escape at a constant ambient pressure in open
bottle or the pressure growing in closed headspace.

The rate of gas escape from solid particles is determined by the
strength of the bond of microbubbles to a solid particle surface.
Structured solid surface contains many places with different degree
of microbubbles to be bound to it. The result is an initial rapid release
of CO, after opening the bottle and the subsequent slower reach-
ing of new equilibrium. In the absence of active solid particles CO,
passes into the gas phase only slowly by diffusion.

The occurrence of gushing depends on the amount and charac-
teristics of nucleating particles present in the fluid, the content of
dissolved CO,, temperature and liquid properties, such as its density
and viscosity, which determine the time of passage of bubbles re-
leased into fluid.

Particles initiating gushing are present in all beers in various con-
centrations and with various binding force strength of microbubles to
a solid surface. The time required for gas saturation of the particles
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faze popisuje kineticka rovnice, vyjadfujici pribéh rozdilu parcialni-
ho tlaku CO, rozpusténého v kapaliné a tlaku tohoto plynu v okoli.

Rychlost procesu ur€uje koeficient prestupu hmoty, zavisly na
vlastnostech kapaliny a teploté. Piva skladovana v klidu maji proto
nejmensi naklonnost ke gushingu a tato schopnost je vyrazné ovliv-
néna transportem piva, ktery nachylnost zvySuje.

Piva z rdznych pivovar( i rizné druhy piv z jednoho pivovaru maji
rozdilnou nachylnost ke gushingu. Riziko vyskytu gushingu Ize od-
hadnout jiz z chovani piva pfed sto¢enim. Nachylnost ke gushingu
neurcuji jenom povaha nukleaénich ¢astic a sloZeni piva, ale také
technologické faktory pivovaru, napf. i zplsob staéeni, dosycovani
piv a jejich pohyb béhem filtrace a staceni. Pasterace napf. mize
zvy$enim teploty a uvolnénim povrchu ¢astic od plynl tuto nachyl-
nost snizit. Dllezity je i vliv transportu piva a jeho skladovani pred
otevienim lahve.

Stanoveni Uniku obsahu oxidu uhli¢itého ze stoeného piva je
vhodnym ukazatelem pravdépodobnosti vyskytu gushingu. Pro pfed-
povéd vyskytu gushingu je mozné pouzit véech popsanych zpusob
méfeni samovolného uniku CO, z piva, v€etné stanoveni obsahu
zbytkového CO, u piva ponechaného po delSi dobu (napf. pfes noc)
v oteviené lahvi. Jednotlivé partie piva se mohou podrobit gushin-
govému ,Sokovani, podobné jako se podrobuji teplotnimu Sokovani
pro pfedpovéd koloidni stability.
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