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Prestoze se pfepénovani piva (tzv. gushing) projevi az ve vysledném produktu, jeho vznik a vyvoj je realizovan mnohem dfive. Kvalita
surovin a nésledné i vedeni celého sladovaciho procesu jeho vznik vyrazné ovliviuji, dale pak samotna vyroba mladiny a piva mohou
nadmeérné pénéni bud podpofit, nebo potlacit. Pfedevsim plisriova kontaminace je€mene, jenz je pouzit pro vyrobu sladu, je nejcasté;si
pri¢inou vzniku prepéfiovani. Plisné produkuji malé, hydrofobni, silné povrchové aktivni proteiny zvané hydrofobiny, které se podileji na
stabilizaci malych bublin CO, v lahvovém a plechovkovém pivu. Vzhledem k tomu, Ze pfepénovani je spotfebiteli vnimano velice negativ-
né&, mnoho pivovard jej povazuje za vazny problém. Tento prehled ukazuje, jak byl v pribéhu let gushing zkouman a jaké jsou nejnové;jsi
poznatky v této oblasti. Pfesto, Ze se za hlavniho plvodce povazuje praveé mikrobiologicka kontaminace, stale vice autord se zaméruje
na vyzkum fyzikalné-chemické podstaty pfepénovani — od analyzy velikosti ¢astic az po vyzkum tvorby gushingové pény.

Postulkova, M. — Vitousova, K. — Novak, P. — Fiala, J. — Ruzi¢ka, M. — Branyik, T.: History and new trends of research into over-
foaming of beer. Kvasny Prum. 59, 2013, No. 10—11, p. 317-320

Although over-foaming of beer (so-called gushing) is manifested only in the final product, its origin and development is realized much
earlier. Quality of raw materials and subsequently the whole malting process markedly affect its origin, further, production of hopped wort
and beer itself can either support or suppress excessive foaming. First of all, fungal contamination of barley used for malt production is
the most frequent cause of over-foaming. Fungi produce small, powerful, surface-active hydrophobic proteins called hydrophobins which
participate in stabilization of small CO, bubbles in bottled or canned beer. Regarding the fact that over-foaming is perceived by custom-
ers negatively, it is consider a serious problem by many breweries. This survey shows history of gushing research and new knowledge in
this area. Despite the fact that microbiological contamination is considered a main cause of gushing, more and more authors have been
focusing on research into physical and chemical basis of over-foaming — from the size particle analysis to research into gushing foam.
Postulkova, M.-Vitousova, K.— Novak, P.—Fiala,J.— Rlizicka, M.— Branyik,T.: Die Geschichte und neue Trend im Forschungsbereich
Uberschaumbildung des Bieres (Gushing). Kvasny Prum. 59, 2013, Nr. 10-11, S. 317-320

Trotzdem das Phanomen der Uberschaumbildung der Bieres (sog. Gushing) wird erst im Endprodukt sichtbar, sein Entstehen und
Entwicklung schon viel friher realisiert worden war.

Die Rohstoffqualitat und nachfolgend Prozess der Malzbereitung die Uberschaumbildung bedeutend beeinflussen, weiterhin die
Wiirze- und Bierherstellung kénnen das Phanomen der Uberschaumbildung entweder férdern oder unterdriicken. Vor allem die Schim-
melkontamination der fiir Malz angewandten Gerste ist die Hauptursache der Uberschaumbildung. Der Schimmel produziert kleine
hydrophoben oberflachig stark aktiven Proteine, genannte Hydrophobine, die einen Anteil an Stabilisation von kleinen CO, Blasen in
Flaschen — oder Dosenbier hat. Mit Riicksicht darauf, dass die Verbraucher das Phdnomen der Uberschaumbildung der Bieres sehr
negative akzeptieren, viele Brauereien halten es als ein ernstes Problem. Der Artikel bringt eine Ubersicht, wie im Zeitraum von letzten
Jahren dieses Problem geforscht wurde mit den neuesten Ergebnissen. Trotzdem, dass als Hauptursache der Uberschaumbildungsbil-
dung die mikrobiologische Kontamination betrachtet wurde, nimmt die Zahl von Verfassern zu, die sich auf Forschung der physikalisch-

chemische Beschaffenheit der Uberschaumbildung — von Analyse der PartikelgroBe bis zur Gushing konzentrieren.

Kliéova slova: gushing, péna, hydrofobiny

1 UVOD

Pivni péna ma v pivovarsko-sladarském vyzkumu zasadni posta-
veni. Je to pravé ona, ktera ma podstatny vliv na vnimani spotrebi-
tele, ktery se tak rozhoduje o kvalité vyrobku. Proto se také jejimu
studiu vénuje zna¢né pozornost. Pfepéfiovani piva (gushing) je ne-
gativni jev, ktery se zapisuje do poveédomi konzumentl a poSkozuje
tak dobré obchodni jméno pivovaru.

2 HLEDANiIi PREKURZORU PREPENOVANI

O prepénovani se mluvi pravdépodobné jiz od vyndlezu stace-
ni do lahvi Priestleym v roce 1772 (Pellaud, 2002). Gushing tedy
neni v podminkach pivovarstvi zadnou novinkou, prvni publikace jej
zminfuji jiz v 50. letech 20. stoleti, kdy se autofi domnivaji, Ze tézké
kovy, jako je cin, bismut, molybden, nikl a Zelezo jiz v koncentracich
nékolika ppm, mohou vyvolavat gushing (Gray a Stone, 1956).

Prvni skupinou, kterd se zabyvala pfi¢inami pfepénovani, byla
skupina Carlsberg (z ndzvu skupiny pozdéji vznikl i nazev pro gu-
shingovy rychlotest) (Gjertsen et al., 1963; Gjertsen, 1967). Ta na-
vrhla rozdélit pfepénovani na dva typy: primarni prepénovani, kte-

Keywords: gushing, foam, hydrophobins

1 INTRODUCTION

Beer foam has a principle position in brewing-malting research. It
substantially affects consumers’ perception, his decision about the
product quality. Therefore, a considerable attention has been paid
to this study. Over-foaming of beer (gushing) is a negative phenom-
enon getting into the awareness of consumers and damaging a good
reputation of a brewery.

2 SEARCH FOR PRECURSORS OF OVER-
FOAMING

Very probably, over-foaming has been discussed since filling into bot-
tles was invented by Priestley in 1772 (Pellaud, 2002). Therefore, gush-
ing is not a new phenomenon in brewing, the first studies mentioned it
as early as in the 1950s when the authors supposed that heavy metals
such as tin, bismuth, molybdenum, nickel and iron can already cause
gushing at concentrations of several ppm (Gray and Stone, 1956).

The Carlsberg group was the first to examine the causes of over-
foaming (later, the name of the group gave the name to a rapid gush-
ing test) (Gjertsen et al., 1963; Gjertsen, 1967). The group proposed
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ré se vyskytuje Castéji a pravdépodobné souvisi s kvalitou sladu,
a sekundarni prepénovani, které vznika kvali chybam ve vyrobé piva
(napfiklad tvorba krystall Stavelant vapenatého, nepravidelnosti
stén obalu, necistoty a detergenty v lahvich, obsah vzduchu v hrdlo-
vém prostoru atp.). V dusledku pokracéujiciho Usili o vyjasnéni pfic¢in
gushingu se objevilo, Ze pfepénovani Uzce souvisi s napadenim jec-
mene plisnémi a jejich modifikacemi béhem skladovani a sladovani
(Gjertsen et al., 1965; Amaha et al., 1973; Gyllang a Martinson, 1976;
Haikara, 1980; Weideneder, 1992; Niessen, 1993; Zepf, 1998).

Mezi lety 1960-1962 skupina okolo Prentice a Sloey jasné ukaza-
la, Ze zejména plisné rodu Fusarium zplGsobuji zmény v analytickych
hodnotach sladu — napfiklad zvySeni hodnot a-amylazy a rozpusté-
ného dusiku v extraktu — které by také mohly mit vliv na pfepéniovani
piva (Prentice a Sloey, 1960).

Gijertsen et al. pak v roce 1965 provedli experimentalni testy, kte-
ré tyto domnénky viceméné potvrdily. Ukézalo se, Ze kontaminace
jeémene rdznymi druhy fusarii béhem krokd sladovani by mohlo
gushing podporovat. AvSak pfidani houbového mycelia nebo filtratu
z fusérii pak nakonec gushing v pivu neprokazalo. Autofi tak dospéli
k zavéru, ze pfepénovani neni zpisobeno pouze samotnymi plisné-
mi, ale jako vysledek vzajemného plsobeni mezi houbou a interak-
cemi probihajicimi v obili béhem kli¢eni (popf. béhem rlstu na poli).
Nékolik vyzkumnych skupin se pak pokouselo izolovat tyto latky z fil-
tratu rdznych plisni, ale také ze sladu, rmutu, mladiny a nakonec
i z gushingového piva (Hippeli a Elstner, 2002).

Béhem 70. let minulého stoleti védci Amaha, Kitabake a jejich
spolupracovnici uspéli v izolaci a charakterizaci gushing-aktivni
latky produkované plisni Nigrospora €. 207 v tekutém kultivaénim
médiu (Amaha et al., 1973; Kitabatake a Amaha, 1974; Kitabatake
a Amaha, 1977). Autofi poukazuji na to, ze NGF (nigrospora gu-
shing factor) je hydrofébni polypeptid o hmotnosti 16,5 kDa a izo-
elektrickém bodu 4,0. NGF je rozpustny ve vodé, tepelné stabilni,
povrchové aktivni a odolny viéi degradaci nékterych protedz. Ana-
lyza aminokyselin pak ukazala, ze NGF neobsahuje Ctyfi zaklad-
ni aminokyseliny, a to methionin, histidin, tyrosin a tryptofan. Zato
v8ak obsahuje 16 cysteinovych zbytkd, které tvofi 8 intramolekular-
nich disulfidovych vazeb (Wessels, 1996; Wosten a Wessels, 1997;
Hippeli a Elstner, 2002).

V roce 1991 pak Wessels et al. objevili amfifilni proteiny produko-
vané plisni a nazvali je hydrofobiny (Wessels et al., 1991). Ve vodé
rozpustné hydrofobinové monomery obsahuji osm cysteinovych
zbytk(, které tvofi disulfidové mustky, a to vzdy specifickym zpliso-
bem v ramci urcité aminokyselinové sekvence. Aromatické aminoky-
seliny jako je tyrosin a tryptofan chybi vzdy, methionin a histidin se
v hydrofobinech ob¢as vyskytovat mohou. Pravé na zakladé zjisténi
o0 aminokyselinové a strukturalni podobnosti se prokazalo, ze NGF
jsou totozné s dimérnimi hydrofobiny. Obé latky jsou navic vylu¢ova-
ny v submerznich tekutych kulturach bez toho, aniz by je€émenna &i
pSeni¢na zrna byla infikovana (Hippeli a Elstner, 2002).

3‘!(LA_'S‘!CKE' M'ETODY PREDPOVEDI
PREPENOVANI

Mezi jiz klasické” metody stanoveni prepéfnovaci aktivity sladu
nebo piva by se daly fadit metody zalozené na principu vyroby sladi-
ny a nasledného tfepani v uzaviené lahvi.

Jako prvni byl zformovan tzv. Donhauserliv nebo také Weihen-
stephaniv test (Donhauser et al., 1990). Ten se svymi podminkami
snazil co nejvice pfiblizit skute¢né vyrobé piva, a presto, ze vysledky
naznacuji jeho vy$Si citlivost (Rath et al., 2009), je jeho provadéni
zdlouhavé a pro podminky laboratofe v pivovaru nevyhovujici (také
vzhledem k nutnosti syceni vyrobené sladiny). V navaznosti pak byla
vytvofena daldi metoda, tzv. Carlsberg test (Vaag et al., 1993). Ten
poté prosel nékolika modifikacemi s cilem sjednotit a co nejvice se
priblizit metodam analytickym. Prvni modifikace (MCT — Modified
Carlsberg test) jiz nepouzivala standardni nepfepénuijici pivo, ale
uméle sycenou vodu. Problémy s pfepénovanim piva béhem roku
2005 v Némecku vedly k tomu, Ze metoda MTC méla byt znovu pro-
Setfena. Vznikly M?CT (Doubly modified Carlsberg test) pak vyuziva
jemného mleti sladu a postup pro vyrobu kongresni sladiny. Obé
modifikace mély vést ke zvySeni citlivosti testu. MCT pak byl pfijat
némeckou organizaci MEBAK (Mitteleuropdische Brautechnische
Analysenkommision), nikoli v§ak komisi EBC — European Brewery
Convention (Radau et al., 1995; Garbe et al., 2007).

V pivovarské praxi se stéle nejvice vyuziva pravé Carlsbergtestu
— vétsinou upraveného dle potfeb pivovarské ¢i sladarské laborato-

to divide over-foaming into two types: primary over-foaming which
occurs more frequently and presumably relates to malt quality, and
secondary over-foaming which occurs due to errors in the beer pro-
duction (such as formation of calcium oxalate crystals, irregular walls
of the package, dirt and detergents in bottles, air content in the bottle
neck area, etc.). An ongoing effort to clarify the causes of gushing re-
vealed that over-foaming is closely connected with infection of barley
with fungi and their modification during storage and malting (Gjertsen
et al., 1965; Amaha et al., 1973; Gyllang and Martinson, 1976; Hai-
kara, 1980; Weideneder, 1992; Niessen, 1993; Zepf, 1998).

In the period of 1960-1962, a group around Prentice and Sloey
clearly showed that mostly fungi of Fusarium spp cause chang-
es in analytical values of malt — e.g. an increase in the values of
a-amylase and dissolved nitrogen in extract — which could also affect
over-foaming of beer (Prentice and Sloey, 1960).

Further, in 1965, Gjertsen et al. conducted experimental tests, more
or less confirming these assumptions. Contamination of barley with vari-
ous Fusarium spp during malting could support gushing. However, the
addition of fungal mycelium or filtrate of fusaria did not confirm gushing
in beer. The authors then concluded that over-foaming was not caused
by fungi alone but as a result of interaction between the fungi and inter-
actions occurring in grain during germination (or during growth of the
stand in field). Several research groups then attempted to isolate these
substances from the filtrate of various fungi, but also from malt, mash,
wort and finally from gushing beer (Hippeli and Elstner, 2002).

During the 1970s, the scientists Amaha, Kitabake and their colleagues
succeeded in the isolation and characterization of gushing-active sub-
stances produced by Nigrospora species no. 207 in liquid culture me-
dium (Amaha et al., 1973; Kitabatake and Amaha, 1974; Kitabatake
and Amaha, 1977). The authors referred that NGF (nigrospora gush-
ing factor) is a hydrophobic polypeptide with a molecular weight of 16.5
kDa and an isoelectric point of 4.0. NGF is water soluble, heat stable,
surface-active, and resistant to degradation by some proteases. Amino
acid analysis then revealed that NGF does not contain four basic amino
acids, methionine, histidine, tyrosine and tryptophan, but containing 16
cysteine residues forming 8 intramolecular disulfide bonds (Wessels,
1996; Wésten and Wessels, 1997; Hippeli and Elstner, 2002).

In 1991, Wessels et al. discovered amphiphilic proteins produced
by fungi and called them hydrophobins (Wessels et al., 1991). The
water soluble hydrophobin monomers contain 8 cysteine residues
forming disulfide bonds in a particular manner within a certain amino
acid sequence. The aromatic amino acids such as tyrosine and tryp-
tophan are always absent, methionine and histidine can sometimes
occur in hydrophobins. Based on the above mentioned data on ami-
no acid and structural similarities, it has been inferred that NGF are
identical to dimer hydrophobins. Furthermore, both substances are
secreted in submerged liquid cultures without an infection of barley
or wheat grains (Hippeli and Elstner, 2002).

3 CLASSICAL METHODS FOR THE
PREDICTION OF OVER-FOAMING

Methods based on hopped wort production and subsequent shak-
ing in a closed bottle belong to the classical methods for the determi-
nation of the over-foaming activity of beer or malt.

The first assay was a so called Donhauser’s or Weihensteph'’s test
(Donhauser et al., 1990). He, in his test tried to simulate real condi-
tions of the brewing process and although his results showed higher
sensitivity (Rath et al., 2009), this test is lengthy and unsuitable for
laboratories in breweries (also due to the necessity to saturate the
produced sweet wort). Consequently, another method, a so-called
Carlsberg test was designed (Vaag et al., 1993). This test went
through several modifications with the aim to develop a universal
method getting close to the analytical methods. The first modifica-
tion (MCT — Modified Carlsberg Test) did not use standard not over-
foaming beer any more but artificially saturated water. In 2005, the
problems with over-foaming of beer in Germany led to revision of the
MCT method. A new M2CT (Doubly modified Carlsberg test) then
uses fine grinding of malt and the procedure for congress wort pro-
duction. Both modifications should have led to the enhancement of
test sensitivity. The MCT was then accepted by the German organi-
zation MEBAK (Mitteleuropéische Brautechnische Analysenkommi-
sion), but not by the EBC (European Brewery Convention) — (Radau
et al., 1995; Garbe et al., 2007).

Breweries frequently use the Carlsberg test modified usually ac-
cording to the needs of brewing and malting laboratories. Despite
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fe. Pfes vSechny modifikace presto vykazuje stale vysoké procento
fale$né pozitivnich vysledkl (Radau et al., 1995; Garbe et al., 2007).

Tyto gushigové testy tedy nejsou dostatecné citlivé ani reprodu-
kovatelné. Ukazi pouze, ma-li nebo nema-li slad sklon k pfepénova-
ni. Kvantifikaci gushingového potencialu pak navrhla skupina okolo
Christian et al., kdy titraci gushingového supresantu (nej¢astsgji CO,
extrakt chmele) do tzv. neutrainiho bodu, Ize pfimo urcit, kolikrat vys-
supresantu je pak pfimo umérné gushingovému potenciélu. Podob-
né Ize nepfimo titrovat sladinu do vody. Kolikrat mensi je pak objem
titrované sladiny pro vznik pfepénovani, tolikrat vyssi je jeji gushin-
gova aktivita (Christian et al., 2011).

4‘!VIOI‘)'§RNI"ME'TODY STANOVENI
PREPENOVANI
Klasické metody pro stanoveni prepénovani maji vyhodu ve své
jednoduchosti, protoze prakticky kazda pivovarska laboratof je
schopna zafidit si vybaveni pro tento typ méfeni. Nicméné problém

s nedostate¢nou spolehlivosti a reprodukovatelnosti zacal byt v mi-
nulosti a sou€asnosti feSen pravé hledanim metod novych.

4.1 ELISA

Velice spolehlivou metodou je imunologicky test ELISA, navrze-
ny pravé pro stanoveni gushingovych prekurzorl — hydrofobin(.
Pracuje na principu reakce hydrofobinového antigenu s protilat-
kou, vétSinou proti plisni rodu Fusarium. To zajiStuje metodé Uz-
kou specifitu, nicméné pokud budou hydrofobiny vytvofeny jinou
plisni (napf. NGF), pak ji ELISA neodhali (Kleemola et al., 2001;
Astrup et al., 2003; Haikara et al., 2006). Béhem procesu slado-
vani se navic mnozstvi hydrofobind méni, nelze tedy jednoznaéné
fici, zda bude vytvoreny slad nachylny k pfepénovani. Gushingové
aktivni slad také nutné nemusi zpUsobit pfepénovani piva (Astrup
et al., 2003). Je tedy evidentni, ze gushing nakonec tvofi cely sou-
bor interakci latek obsazenych v surovinach béhem celého proce-
su vyroby piva.

Od objevu hydrofobinl se vétSina vyzkumnych skupin zabyvala
pravé jejich studiem. Nicméné po témér dvaceti letech badani se
trend vyzkumu gushingu obraci od molekularné-biologické podsta-
ty k fyzikalné-chemické, coz védce privadi k molekule CO,, ktera,
ac¢ neni pfimym spoustéem prepénovani, je nutnou podminkou pro
jeho pribéh. Teorie vychazi z predpokladu, ze bublina CO,, ktera
by se za béznych podminek rozpustila, je obalena hydrofobinovou
monovrstvou, jez ji vysoce stabilizuje, a tim padem vytvari jadro pro
vznik a rust dal$i bubliny na principu heterogenni nukleace (Deckers
et al., 2010). Dle nové teorie vytvéafeji hydrofobiny nejprve micely,
které poté rostou difuzi CO, z okolni kapaliny do jejich hydrofobniho
jadra (Christian et al., 2009).

4.2 Kombinovana analyza velikosti ¢astic

DalSim néstrojem pro predikci a stanoveni prepénovaci aktivity
je tzv. kombinovana analyza ¢astic. Ta byla plvodné nastrojem pro
kontrolu koloidni stability piva, nasledné pak byla vyuzita i pro mére-
ni potence k pfepénovani.

Plvodni myslenka vychazela z jednoduchého predpokladu, ze
pivo je kapalina, v niz jsou dispergované castice, jejichz velikost
nebo hmotnost je mozné méfit. Ve filtrovanych népojich se nejvice
vyskytuji ¢astice bilkovinné povahy, kde velikost vétsiny z nich se
pohybuje mezi 1-20 nm (Titze et al., 2010). Neopomenutelnou cha-
rakteristikou takovych €astic je rovnéz povrchové napéti — na svém
povrchu si ¢astice nesou bud kladny, nebo zaporny naboj. Ten muze
byt zméfen pomoci tzv. ,ndbojového” ¢asticového analyzatoru (CAS
— charge analyzing system). Vzorek napoje je titrovan polyelektro-
lytem a naboj ¢astice se urci pravé titraci do neutralniho bodu. Pro
zjisténi velikosti a distribuce ¢astic je nasledné pouzit pfistroj Nano-
trac, jenz pracuje na principu zavislosti velikosti ¢astic na intenzité
rozptyleného svétla. Kombinaci téchto dvou méfeni autofi ziskali
nastroj pro méreni pfepénovani a uspésné jej pouzili pro predikci
gushingu v ovocnych napojich a Sumivych vinech (Bach et al., 2001;
Christian et al., 2011). Pomoci pfistroje Nanotrac bylo zjisténo, ze
v gushing-pozitivnich vzorcich sycenych ovocnych napoju je vétsi
mnozstvi ¢astic o velikosti 1-2 nm. Tyto vzorky pak byly podrobeny
titraci polyelektrolytem hexadecyltrimethylamoniem (CTAC).

Predpokladalo se, ze u vy$Siho poc¢tu 1-2 nm velkych ¢astic bude
i velky specificky povrch a tim bude pfimo umérné vyssi i spotfeba ti-
tracniho Cinidla spotfebovaného na neutralizaci naboje. Laboratorni
testy pak tuto domnénku potvrdily (Christian et al., 2011).

all the modifications, this test still exhibits a high percentage of false
positive results (Radau et al., 1995; Garbe et al., 2007).

It means that these gushing tests are not sufficiently sensitive or
reproducible. They only show whether the malt is or is not prone to
over-foaming. The quantification of gushing potential was then pro-
posed by a group around Christian et al. They found that titration of the
gushing suppressant (mostly CO, hop extract) to the neutral point ena-
bles to determine directly how many times higher or lower the poten-
tial of the sweet wort to overfoam is. The amount of the suppressant
used is then directly proportional to the gushing potential. Similarly, it
is possible to titrate sweet wort indirectly to water. How many times
smaller the volume of titrated wort for the formation of over-foaming
is, so many times higher its gushing activity is (Christian et al., 2011).

4 MODERN METHODS FOR THE
DETERMINATION OF OVER-FOAMING

The advantage of the classical methods for the determination of
over-foaming is their simple use and practically each brewing labo-
ratory is able to arrange their own equipment for this type of meas-
urement. The problem connected with the insufficient reliability and
reproducibility has been solved by searching for new methods.

4.1 ELISA

ELISA is a very reliable immunological test designed for the de-
termination of gushing precursors — hydrophobins. It is based on
a reaction between a hydrophobin antigen and an antibody, usu-
ally against Fusarium spp. This ensures a narrow specificity of the
method nevertheless if hydrophobins are produced by other fungi
(e.g. NGF), then the ELISA will not detect it. (Kleemola et al., 2001;
Astrup et al., 2003; Haikara et al., 2006). Furthermore, the amount
of hydrophobins during the malting process varies, thus it cannot
be explicitly stated whether the malt will be prone to over-foaming.
Gushing-active malt also does not have to cause over-foaming of
beer (Astrup et al., 2003). Therefore, it is evident that gushing is in-
duced by a whole set of interactions between substances contained
in raw materials during the entire brewing process.

Since their discovery, hydrophobins have been studied by many
research groups. However, after nearly twenty years of research into
gushing, the research trend turns from the molecular and biologi-
cal to physical and chemical bases, this brings the scientists to CO,
molecule. Although the CO, molecule does not directly trigger over-
foaming, is a considered to be its prerequisite.

The theory is based on the assumption that CO, bubbles which
would dissolve under common conditions, are coated with a hydro-
phobin highly stable monolayer forming a core for the origin and
growth of other bubbles on the principle of heterogeneous nucleation
(Deckers et al., 2010). A new theory infers that hydrophobins pro-
duce mycelia growing by CO, diffusion from the surrounding liquid to
their hydrophobic cores (Christian et al., 2009).

4.2 Combined particle size analysis

A so-called combined particle size analysis is another tool for the
prediction and determination of the over-foaming activity. Originally it
was used for checking beer colloid stability; subsequently it was also
used for the measurement of potential to over-foam.

The initial idea was based on a simple prerequisite that beer is
a liquid with disperged particles, the size or weight of which can be
measured. Filtered beverages mostly contain protein based particles
of the size ranging from 1-20 nm (Titze et al., 2010).

Surface tension is another important character of these patrticles;
on their surface, the particles carry either a positive or negative
charge. The charge can be measured using the particle analyzer
(CAS - charge analyzing system). The method of polyelectrolyte ti-
tration is used, charge of the particle is determined by titration to
the neutral point. Particle size distribution was measured using the
instrument Nanotrac working on the principle of the dependence of
size particles on scattered light intensity. By combining these two
measurements, the authors obtained a device for the measurement
of over-foaming and they used it successfully for the prediction of
gushing in fruit beverages and sparkling wines (Bach et al., 2001;
Christian et al., 2011). By using the Nanotrac, it was detected that
gushing-positive samples of saturated fruit drink contained a higher
amount of particles with size 1-2 nm. These samples were subject
to titration with polyelectrolyte hexadecyltrimethylamonium (CTAC).

It was assumed that a higher amount of 1-2 nm particles would
have a large specific surface and also consumption of titrate agent
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Kombinovana analyza &astic pro méfeni gushingového potenci-
alu ovocnych napojl potvrdila, Zze ¢astice o velikosti 1-2 nm jsou
iniciatory gushingu v nealkoholickych napojich. Tato informace by
mohla byt zajimava pfedevsim pro pivovary, jez se zabyvaji vyrobou
michanych népoju na bazi piva (Christian et al., 2010).

PFi provadéni této anylyzy rovnéz autofi zjistili zajimavou skute¢-
nost, Zze pridavek samotného polyelektrolytu hexadecyltrimethylamo-
nium chlorid (CTAC) do perlivé vody (7g CO,/l) vyvolal pfepéfiovani,
ale jen v pfipadé, kdy byla jeho koncentrace vyS$si nez kriticka mice-
larni koncetrace (Christian et al., 2011). Na zékladé tohoto poznatku
bude nutné ovéfit micelarni teorii také v souvislosti s gushingovymi
prekurzory v pivu.

5 ZAVER

Béhem poslednich desetileti byl problém prepénovani piva zkou-
man predevS§im v souvislosti s plisfovou kontaminaci a hledanim
prekurozorl prepénovani. Prokdzané gushingové faktory — hydro-
fobiny — gushing vyvolavaji a sou¢asny vyzkum naznacuje, ze mo-
lekuly amfifilni povahy mohou zplsobit pfepénovani pomoci tvorby
micelarnich struktur. Nicméné, v pfipadé tak slozité matrice, jako je
pivo, je studium pfepénovani zna¢né obtizné. Pro lepsi pochopeni
chovani latek zplUsobujicich prfepéfnovani by mohl poslouzit vyzkum
chovani modelovych roztokll piva v zavislosti na rychlém poklesu
tlaku a nasledné doplnén vyzkumem s realnymi vzorky piva.
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for neutralization of the charge would be proportionally higher. Labo-
ratory tests then confirmed this assumption (Christian et al., 2011).

The combined particle analysis for the measurement of gushing
potential of fruit drinks confirmed that particles with sizes of 1-2 nm
are the initiators of gushing in non-alcoholic beverages. This infor-
mation could be interesting particularly for breweries producing beer
mixed drinks (Christian et al., 2010).

When performing this analysis, the authors also found an interesting
fact that the addition of the polyelectrolyte hexadecyltrimethylamonium
(CTAQC) into sparkling water (7g CO,/l) induced over-foaming but only in
case that concentration was higher than the critical micelle limit (Chris-
tian et al., 2011). Based on this knowledge, it will also be necessary to
verify the micellar theory in relation to gushing precursors in beer.

5 CONCLUSION

During the last decade the problem of beer over-foaming has been
studied mainly in connection with fungal contamination and looking for
precursors of over-foaming. The proven gushing factors — hydrophobins
—induce gushing and current research has suggested that the amphiphi-
lic nature of these molecules can cause over-foaming by forming micellar
structures. Nevertheless, in case of such a complicated matrix as beer,
study of over-foaming is considerably complicated. Research into the
behavior of model beer solutions depending on a fast decline in pressure
could improve understanding of behavior of substances inducing over-
foaming, subsequently research with real beer samples should follow.
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