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Stabilizacni prostredky pro zvyseni koloidni stability piva

Dostalek, P. — Kotlikova, B. - Fiala, J. — Jelinek, L. — Cerny, Z. — Casensky, B. — Mikulka, J.: Stabilizaéni prostiedky pro zvyseni
koloidni stability piva. Kvasny Prum. 57, 2011, ¢. 7-8, s. 290-295.

Cilem prace bylo shrnout poznatky o nejznaméjsich prostredcich pro stabilizaci piva, popsat, na jakém principu funguji a v jakém
useku vyroby piva se aplikuji. Pozornost byla vénovana i novému polyamidovému sorbentu BEERPAP®, ktery byl vyvinut pied nékolika
lety a odzkous$en v provoznich podminkach nékolika pivovarl. Pfi stabilizaci piva bylo zji§téno, Ze sorbent ma stejnou sorpéni kapacitu
pro zakalotvorné polyfenoly piva (pfepocteno na stejné vahové mnozstvi polymeru) jako stejna davka PVPP. Sorbent ma také sorpéni
aktivitu pro sorpci dusikatych latek, ma vyborné priito¢né vlastnosti a nizky filtracni odpor, je absolutné nerozpustny v pivu a je bez na-
bobtnani okamzité pouzitelny v provozu.

Dostalek, P. — Kotlikova, B. — Fiala, J. — Jelinek, L. — Cerny, Z. — Casensky, B. — Mikulka, J.: Stabilizers for increased colloidal
stability of beer. Kvasny Prum. 57, 2011, No. 7-8, p. 290-295.

The aim of this study was to summarize the findings about the best known beer stabilizers. Their operational principals and processing
sections of their application are described.

The attention was given also to the new polyamide sorbent BEERPAP®. It was developed some years ago and tested in several
breweries in full scale conditions. This sorbent has the same sorbent capacity for polyphenols which cause beer turbidity (haze) as the
same amount of polyvinylpolypyrrolidone (PVPP) when recalculated to the same polymer weight. This sorbent also has a sorption activity
for nitrogen compounds, excellent flow characteristics, low filtration resistance, is completely insoluble in beer and is instantly useable
in the production without previous soaking.

Dostalek, P. — Kotlikova, B. — Fiala, J. — Jelinek, L. — Cerny, Z. — Casensky, B. — Mikulka, J.: Stabilisationsmittel fiir die Erhhung
der kolloidal Stabilitét des Bieres. Kvasny Prum. 57, 2011, Nr. 7-8, S. 290-295.

Der Artikel befaBt sich mit der Zusammenfassung der neuesten Kenntnisse Uber die Mittel fur die Erhéhung der Stabilitat des Bieres
und mit der Beschreibung der Funktion der angewandten Prinzipe und in welcher Etappe werden angewandt. Die Aufmerksamkeit wurde
auch dem neuen vor einigen Jahren entwickeltes und in einigen Brauereien unter Betriebsbedingungen erprobtes Polyamidsorbent
BEERPAP® Stabilisationsmittel gewidmet. Wahrend der Bierstabilisierung wurde ermittelt, dass das Sorbent fiir die tribungsbildenden
Polyphenole des Bieres die gleiche Sorptionskapazitat wie die gleiche Menge PVPP (liberrechnet auf die gleiche Polymergewichtsmenge)
hat. Sorbent wies auch die Sorptionskapazitat fur die Stickstoffsorption, hervorragende Durchflusseigenschaften und einen niedrigen

Filtrationswiederstand auf. Im Bier ist Sorbent absolut unaufléslich und ist sofort ohne aufzuquellen bereit zur Stabilisierung.

Klicova slova: koloidni stabilita piva, stabilizacni prostredky, PVPP,
BEERPAP®, silikagel, tanin, prolin specifickd proteasa

1 UVOoD

Pivo je ve svété velmi oblibeny néapoj. Protoze spotfebitelé vyzaduji
kvalitni ¢iré pivo s Eerstvou chuti a viini, spravnou barvou a pénivosti,
jsou kladeny stéle vétSi naroky na jeho stabilitu. To je dano také tim,
ze v soucasnosti, kdy je mnoho druht piv uréeno na export, uplyne
pomérné dlouha doba, nez se hotovy napoj dostane do rukou kon-
zumenta. | z tohoto dlivodu jsou pivovary nuceny pouzivat nejrizné;si
prostfedky pro zajisténi dlouhodobé trvanlivosti piva [1].

Na koloidni stabilitu maji negativni vliv pfedevsim polypeptidy a po-
lyfenoly, které spolu vytvareji komplexy, ale nemalou roli zde hraje
i obsah kysliku, teplo ¢i svétlo. Vzniku zékalu se da nejlépe predejit
zejména vybérem spravnych surovin, pfipadné odstranénim jednoho
nebo obou prekurozord. To se da zajistit pouzitim rliznych stabiliza¢-
nich prostfedkd, kterych je dnes na trhu k dispozici cela fada. Jsou
to proteolytické enzymy, taniny, antioxida¢ni prostfedky a adsorbenty
dusikatych a polyfenolovych latek [1,2].

Proteolytické enzymy $tépi vysokomolekularni latky. Taniny funguiji
na principu srazeni. Reaguji s nukleofilnimi skupinami bilkovin (SH-,
NH,-) za tvorby tanin-proteinového komplexu, ktery se poté z piva od-
strani. Antioxidacni prostfedky zmirfuji vliv kysliku obsazeného
v pivu.V sou¢asné dobé jsou ale nejoblibenéjsi adsorpéni prostredky.
Bilkoviny nejlépe adsorbuji kfemicité gely, které jsou k dostani ve
formé suchych geld, tzv. xerogely a v hydratované formé, tzv. hydro-

Keywords: colloidal stability of beer, PVPF, BEERPAP®, silica gel,
tannin, proline-specific protease

1 INTRODUCTION

Beer is one of world’s most popular drinks. As the customers call
for clear beer of a good quality with a fresh taste and odour, the right
colour and foaming power, higher demands are always put on its sta-
bility. Another reason is that many types of beer are exported. It can
take a relatively long time for the drinks to reach the consumers. Due
to these reasons, the breweries are forced to use different treatments
to extend long term beer stability [1].

The colloidal stability is negatively influenced especially by polypep-
tides and polyphenols which combine to produce a colloidal complex
known as a haze. Oxygen content, temperature and light also have
a not negligible influence. The haze can be prevented in particular by
selecting the proper raw materials or by reducing the levels of one or
both precursors by means of different stabilizers. Among the number
of stabilizers available on the market are proteolytic enzymes, tannins,
antioxidants and adsorbents of nitrogen compounds (proteins) and
polyphenols [1,2].

The proteolytic enzymes cleave high molecular substances. Tannins
work on the principal of precipitation. They react with nucleophiles of
proteins (-SH, -NH,) to form a tannin-protein complex, which can be re-
moved from the beer. Antioxidants abate the influence of oxygen con-
tained in beer. Recently, the adsorbent materials have become the most
popular. Proteins are best adsorbed by silica gels available in the form
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gely. Adsorbent polyfenolu je zesitény polyvinylpyrrolidon (PVP), tzv.
PVPP (polyvinylpolypyrrolidon) a latky zalozené na tomto materialu.
Alternativou k PVPP pfi pouziti na filtru spolu s kfemelinou je pro-
stfedek BEERPAP®, ktery je nové vyvinutym polyamidovym sorben-
tem polyfenold a vykazuje fadu vyhod oproti PVPP [2].

2 KOLOIDNI STABILITA PIVA

Vyrobci bézné pokladaji za trvanlivost dobu, ktera uplyne do vzniku
pozorovatelné sedliny nebo zékalu pfi skladovani pfi 20 °C. | kdyz bi-
ologicka a senzoricka stabilita je z hlediska trvanlivosti velmi dulezita,
posuzuje se trvanlivost hlavné podle stability koloidni [1,2]. Ta je
v prvni fadé ovlivilovana koncentraci bilkovin, polyfenold, kysliku, po-
lysacharidd a nékterymi kovy [3]. Dulezitou roli ale hraje i nedosta-
te¢né oSetfeni piva nebo jeho Spatné skladovani (vyssiteplota, svétlo,
pohyby piva) [4].

Koloidni zakaly se déli na dvé zakladni skupiny, chladové a trvalé
[5], ov8em v pivu se mohou vyskytovat i zakaly kovové, vznikajici pfi
vy$8i koncentraci kovovych iontd v pivu, nebo polysacharidové, vzni-
kajici netiplnou hydrolyzou Skrobu [6,7]. Bilkoviny a polyfenoly spolu
reaguji a tvofi tak rozpustné komplexy, které se postupné zvétsuji,
a tim vznika viditelny zakal [8]. To pFfedstavuje velky problém z hle-
diska trvanlivosti piva, protoze zakaznici povazuji pivo s viditelnou
sedlinou za zkazené [9,10]. Schopnost polyfenoll reagovat se zéka-
lotvornymi bilkovinami vzrista s jejich oxidaci [8].

3 STABILIZACE PIVA

DodrZovani spravného technologického postupu pfi vyrobé trvan-
livého piva od vybéru surovin az po stac¢eni a skladovani maze vznik
sedlin a zakald omezit, nikoli vSak vyloucit. Proto se piva s dlouhou
trvanlivosti stabilizuji [5]. V Ceské republice se nejcastéji stabilizuje
pivo béhem filtrace, pfipadné na stabilizacnim filtru po filtraci. Nej-
Castgji se v CR pouzivaji kfemicité gely. Nejprve je potfeba védét, ja-
kou koloidni stabilitu pivovar poZaduje. Pak je nutné provéfit filtraci
piva, protoze kfemicity gel ma podobné filtracni vlastnosti jako kFe-
melina a jeho pfidavkem se nesmi negativné ovlivnit Cirost Zfiltrova-
ného piva. Déle se musi pocitat s tim, jakou kapacitu filtracniho za-
fizeni ma pivovar k dispozici, protoze davkovani pfilis jemného gelu
muze mit za nasledek rychly narust tlaku a pokud by bylo davkovano
velké mnozstvi stabilizaéniho prostfedku, vzniklo by nebezpedi, ze
se kalovy prostor filtru brzy zaplni timto prostfedkem a snizi tak ka-
pacitu filtru [11]. Pfi pouziti nevhodnych sladl vyrobenych z jeémenl
s vy$8im obsahem bilkovin je nutné davkovat vice kfemicitého gelu
nez u piv ze sladt vyrobenych z klasickych sladovnickych jarnich jec¢-
menU. Doporucuje se davkovat gel uz ve fazi dokvasovani, tzn. do
lezackych tank(. Pro toto pouziti jsou nejvhodnéjsi kiemicité gely
s pfidavkem bentonitu [12].

Ke stabilizaci se dnes nejCastéji pouzivaji dva zakladni postupy:
stabilizace pomoci kfemicitych gelli a stabilizace pomoci PVPP. Oba
postupy Ize kombinovat, pfipadné se daji pouzit i antioxidanty. Ty se
pouzivaji v pfipadg, ze je zjistén zvySeny obsah kysliku ve sto¢eném
pivu [5]. ProtoZe i napf. 1 ml vzduchu v hrdlovém prostoru 0,33 lahve
pfi sta¢eni znamend narast obsahu kysliku na hodnotu 0,8mg/l a to
muze zkazit veskeré pfedchozi snazeni o stabilizaci [11]. Nejvice se
pouziva kyselina askorbova nebo oxid sifi¢ity ve formé sificitan(.
Chemicky na sebe vazou volny kyslik v pivu a prodluzuji chutovou
stabilitu piva. Tento zpUsob stabilizace je vSak v nékterych statech
zakazan [5]. V mnohych pfipadech se osvédcilo davkovani stabili-
zaéniho prostfedku uz do lezackého tanku nebo pouzit kfemicity gel
v kombinaci s bentonitem. Timto postupem se pivo vycifi a usetfi se
tak jednak kfemelina pfi filtraci a jednak polyvinylpyrrolidon pfi sta-
bilizaci [11].

4 STABILIZACNIi PROSTREDKY

Ke zvySeni koloidni stability je dnes na trhu velké mnozstvi stabi-
liza¢nich prostfedku. Podle plsobeni se rozdéluji na srazeci (tanin),
enzymové (proteolytické enzymy), adsorpéni (adsorbenty dusikatych
latek — kfemicité gely, adsorbenty polyfenolovych latek — latky na bazi
polyamidi) a antioxidaéni (kyselina askorbova, oxid sificity). VSechny
tyto prostfedky slouzi ke snizeni obsahu hlavnich zakalotvornych
sloucenin, tj. bilkovin nebo polyfenoll. Déle je v nékterych pivovarech
pouzivan systém firmy Handtmann, fungujici na principu iontoménice
(matrice sorbentu je ze zesiténé agarosy). V sou¢asné dobé jsou nej-

of dry gels (xerogels) and in the form of hydrates (hydrogels). Polyphe-
nols adsorbents are cross-linked polyvinylpyrrolidone (PVP) —
polyvinylpolypyrrolidone (PVPP) and PVPP-based substances. An al-
ternative to PVPP when used on the filter together with kiselguhr is
a newly developed polyamide sorbent of polyphenols called BEER-
PAP®. It has a number of advantages when compared to the PVPP [2].

2 COLLOIDAL STABILITY OF BEER

The time until a visible haze or sediment in beer appears when being
stored at 20 °C, is indicated by producers as the shelf life. In spite of
the fact that both a biological and a sensory stability are very important,
the shelf life of beer is determined mainly by its colloidal stability [1,2].
Haze formation is mostly influenced by the concentrations of proteins,
polyphenols, oxygen, polysaccharides and the presence of heavy met-
als [3]. Insufficient beer treatment and poor storage (such as elevated
temperature, light or movement) are also very important factors [4].

There are two basic sorts of a colloidal turbidity: the chill haze and
the permanent haze [5]. Indeed, metal turbidity formed from an in-
creased concentration of metal ions can also occur in beer as well
as polysaccharide turbidity which appears through incomplete hydrol-
yses of starch [6, 7]. Proteins and polyphenols react to produce sol-
uble complexes which gradually increase and become visible [8]. This
phenomenon represents a serious problem with respect to shelf life
because the customers consider beer with visible sediment as
a spoiled beer [9, 10]. The ability of polyphenols to react with proteins
responsible for haze formation is accelerated by beer oxidation [8].

3 BEER STABILIZATION

Strict control of the technological procedure for the production of
lager beers going from the selection of the proper raw materials to
canning, bottling and storage can reduce but not eliminate the for-
mation of haze. Therefore, all beers with a long shelf life must be sta-
bilized [5]. In the Czech Republic beers are stabilized mainly during
the filtration procedure or on the stabilization filter just after filtration,
mainly by means of silica gels. When choosing the procedure, firstly,
it is necessary to know which kind of colloidal stability is required.
Secondly, the beer filtration must be checked because the silica gel
has similar filtration characteristics as kiselguhr and its addition must
not negatively influence the clarity of the filtered beer. Thirdly, it is im-
portant to know the filter capacity of the brewery. The use of a large
quantity of too fine a gel will clog the sludge area of the filter. As a re-
sult, the pressure will quickly rise and the filter capacity will decrease
[11]. When using malt produced from barley with high content of pro-
teins for a beer production, it is necessary to add more silica gel than
when using malt made from spring malting barley. In this case it is
recommended to add the silica gel with a bentonite supplement al-
ready at the stage of secondary fermentation directly in the storage
tank [12].

Nowadays, two basic approaches are mainly used for the beer sta-
bilization. The stabilization with silica gels and the stabilization with
PVPP. Both methods can be combined. In addition antioxidants can
be used when increased oxygen content in bottled beer is detected
[5]. For example already 1 ml air in the headspace of a 0.33 | bottle
results in an increased oxygen content of up to 0.8 mg/l. This value
can ruin all previous efforts to stabilize the beer [11]. Ascorbic acid
and sulphur dioxide in the form of sulphites are mainly used as an-
tioxidants. They bind the free oxygen due to chemical reactions and
extend the flavour stability of the beer. However, this stabilization pro-
cedure is forbidden in some countries [5]. Often, the addition of a sta-
bilizer in the storage tanks or the use of silica gel in combination with
bentonite has proved to be the right tactic. By using this approach the
beer will already be clarified and both the kiselguhr at the filtration
and PVPP at the stabilization will be saved [11].

4 STABILIZERS

They are a number of agents on the market which can be used for
increasing colloidal beer stability. According to the operating methods,
they can be divided into precipitation methods (tannin), enzyme meth-
ods (proteolytic enzymes), adsorbent methods (adsorbents of nitro-
gen compounds are silica gels, adsorbents of polyphenols are agents
based on polyamides) and antioxidant methods (using ascorbic acid
and sulphur dioxide). All these agents reduce the content of the main
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pouzivangjsimi stabilizacnimi prostfedky adsorpéni stabilizatory, pro-
toze nejucinnéji odstranuji prekurzory zakalu a navic jsou v pivu ne-
rozpustné a kompletné odstranitelné. Taniny jsou v pivu po hydrolyze
Castecné rozpustné a pfi pfedavkovani se zvySuje hladina polyfenold,
enzymy po aplikaci zGstavaji v pivu [13,1].

4.1 Kfemicité gely

Dr. Raible se pokous$el najit metodu pro stanoveni koloidni stabi-
lity piva. Po rfadé rliznych pokusu zkusil izolovat zakalotvorné frakce
bilkovin z piva a z jejich mnozstvi usuzoval na koloidni stabilitu zkou-
maného piva. Jako prostfedek pro izolaci zakalotvornych frakci bil-
kovin pouzil mimo jiné i kfemi€ity gel. Vysledek byl uspésny, a tak
se rozhodl vyuzit ho pro zvySeni koloidni stability piva [11, 14]. Ana-
lyzou bilkovinné frakce adsorbované na kifemicitém gelu bylo zjis-
téno, Ze nejvice obsazenymi aminokyselinami jsou prolin a glutamin
[15].

Kremicité gely se pro adsorpci zékalotvornych frakci bilkovin, které
zpUsobuji zakal v pivu, zaaly pouzivat poc¢atkem roku 1961. Tehdy
byl kfemicity gel poprvé predstaven Dr. Karlem Raiblem na Kongresu
EBC ve Vidni, v témze roce byl udélen némecky patent firmé Stabifix
Brauerei Technik, bezprostfedné nasledovalo pfihlaSeni patentu v za-
hraniéi (tim se stal tento pro pivovarstvi vyznamny objev patentové
chranény po celém svété) a od této doby se datuje aplikace kfemici-
tého gelu v pivovarstvi [11]. Firma Brauerei Technik uvedla na trh gel
pod nazvem Stabifix a zpUsob stabilizace pomoci tohoto prostredku
se zacal prosazovat v sedmdesatych letech [5]. Odhad celosvétové
ro¢ni spotfeby gelu je 20 000 az 25 000 t za pfedpokladu primérné
spotfeby 50 g/hl [3].

Vzhledem k tomu, ze kfemicité gely nemaji vzdy stejné vlastnosti
(napf. obsah vody, prdto¢nost atd.), neni mozno je libovolné zamé-
fiovat. Podle obsahu vody je rozdélujeme na xerogely, hydratované
xerogely a hydrogely. Je dilezité rozliSovat mezi obsahem pevné a ak-
tivni faze. Obsah pevné faze znamena absolutni hodnota obsahu
oxidu kfemicitého. Castice oxidu kfemicitého v gelu nejsou vSechny
stejné aktivni a nemaji stejnou adsorpéni silu. Tudiz nedochazi k pfi-
padu, kdy cely povrch sou€asné adsorbuje. Z toho vyplyva, Ze xerogel
(tzv. suchy gel) s nejvy$8im obsahem pevnych ¢astic nemusi byt za-
roven vyrobkem s nejvy$Sim podilem aktivnich latek, tedy nejucin-
néjSim stabiliza¢nim prostrfedkem [13].

Kvalitativni vlastnosti mohou byt u kfemicitych gelli riznych doda-
vatell rozdilné podle pouzitého vyrobniho postupu. Dalezitymi para-
metry jsou objem pérd, jejich prdmér a specificky povrch. Témito pa-
rametry je dana porozita. Pro dobry stabilizaéni UGcinek gelu je
potieba, aby struktura jeho pérd byla specialné pfizplsobena ad-
sorpci specifickych zékalotvornych frakci bilkovin. Z toho plyne, ze
porozita gelu se musi pfizpusobit tak, aby byl zajistén dostateény ad-
sorpéni potencial, Van der Waalsovy sily a pfistupnost molekuly bil-
koviny do péru. To znamend, ze obsah oxidu kifemicitého neni pro
stabiliza¢ni U¢inek rozhodujici sam o sobé, ale musi se hodnotit v sou-
vislosti s vy$e uvedenymi parametry [14].

4.2 Polyamidy

Poznani vysoké reaktivity polyfenoll v tvorbé koloidnich zakall
vedlo k hledani a vyvoji stabilizatorl sniZujicich jejich koncentraci
v pivu. Praktické pouzivani adsorbentld polyfenolovych slou¢enin
v kombinaci s adsorbenty dusikatych latek umoznilo zajistit podminky
pro dlouhodobé garance koloidni stability lahvového piva az na hranici
jednoho roku. Mezi prakticky dominantni polymerni materidly, které
se pro sorpci pouzivaji, jsou polyamidy, které vazou vodikovymi
mustky selektivné fenolové slouceniny [13]. Nerozpustné polyamidy
byly poprvé pouzity Harrissem a Rickettsem koncem padesatych let
pro stabilizaci piva [16]. V jejich pracich bylo ukdzano, Ze Nylon 66
efektivné odstrafiuje anthokyanidiny z piva (stabilizace na polyfenoly
tedy byla objevena stejné, jako v pfipadé kfemicitych geld béhem vy-
zkumu analytickych metod). Nicméné prakticka aplikace nylond jako
adsorpénich prostfedku pro zvy$eni koloidni stability piva byla prak-
ticky Uplné eliminovana kvdli jejich vysoké cené. V Sedesatych letech
byl nylon nahrazen levnéjsim PVPP [17].

4.2.1 Polyvinylpolypyrrolidon — PVPP

Polyvinylpolypyrrolidon je makromolekularni, ve vodé nerozpustny
polyamid, ktery je schopen selektivné na sebe vazat vSechny polyfe-
noly [5], které maji odpovidajici velikost a molekulové uspofadani
vhodné pro spojeni s proteiny [2]. Obsahuije totiz stejné —NH funkéni
skupiny jako zékalotvorné bilkoviny [18]. Je kompletné inertni a tim
padem bezpecny pro pouzivani. Ma trojrozmérnou strukturu zpevné-
nou molekulovymi fetézci [2]. Do pivovard se dodava ve formé mikro-
nizovaného suchého bilého prasku (obsah vihkosti je max. 6%) s ex-

haze-forming substances such as proteins or polyphenols. In some
breweries the system from the company Handtmann is in the use
which works on the principal of ion exchange with cross-linked
agarose used as a sorbent matrix. Recently the most popular stabi-
lizers have become adsorbent agents, because they reduce the haze
precursors most effectively. Additionally, they are insoluble in beer
and completely removable. Tannins are partly soluble in beer after hy-
drolysis and they raise the level of polyphenols through an overdose.
Enzymes after application remain in beer [13, 1].

4.1 Silica Gels

Dr. Raible had tried to find a method for the determination of the col-
loidal stability of beer. After a number of tests he segregated haze-
forming fractions of beer proteins. From their amount he judged the
colloidal stability of the beer tested. Besides other agents he used a sil-
ica gel for the segregation of the haze-forming protein fraction. The re-
sult was so excellent that he decided to utilize the silica gel for increas-
ing the colloidal beer stability [11, 14]. The analyses of the protein
fraction adsorbed on the silica gel proved that the most inherent amino
acids are proline and glutamine [15]. The reduction of the haze-forming
protein fraction by silica gels has been used since the beginning of
the year 1961. By then Dr. Karle Raible introduced silica gel for the
first time at the Congress of the European Brewery Convention (EBC)
in Vienna. In the same year the German patent was granted to the
company Stabifix Brauerei Technik and soon afterwards the patents
abroad followed. Since then this important discovery patent is pro-
tected throughout the world and since that time dates the application
of silica gel in the beverage industry [11]. The company Stabifix
Brauerei Technik marketed the gel under the name of Stabifix. The us-
age of this stabilizer began to assert itself in the seventies [5]. Assum-
ing an average demand of 50 g/hl beer, the estimated yearly worldwide
demand for the silica gel is about 20,000-25,000 tonnes [3].

In view of the fact that silica gels do not always have the same
properties (for instance the water content or the flow rate) it is impos-
sible to replace them arbitrarily. They are classified according to water
content into xerogels, hydrated xerogels and hydrogels. It is important
to consider the difference between the content of solid and active
phases. The content of the solid phase presents an absolute value
of silicon dioxide. The particles of silicon dioxide in the gel do not the
same activity and adsorbent power. Due to this fact, the whole surface
never adsorbs simultaneously. As a result the xerogel (dry gel) with
the highest content of solid particles is not necessarily the product
with the highest portion of active particles and therefore not the most
effective stabilizer [13].

The qualitative properties of silica gels from different producers
also vary due to the diverse manufacturing processes. Important pa-
rameters are the volume of the voids, their diameter and the specifics
of the surface. These parameters determine the porosity. The void
structure of a good stabilizer must be adjusted for the adsorption of
specific haze-forming protein fractions. The gel porosity must be mod-
ified in such a way that sufficient adsorbent potential, sufficient van
der Waals interaction and protein molecule accessibility into the voids
are ensured. It follows that the content of silicon dioxide by itself does
not determine the quality of the stabilizer. Moreover, the parameters
mentioned above must be considered as well [14].

4.2 Polyamides

After the significant participation of polyphenols in the haze forma-
tion was discovered, the development of stabilizers reducing their
concentration in beer began. The standard usage of polyphenol ad-
sorbents in combination with adsorbents of nitrogen compounds guar-
antees the long-term colloidal stability of bottled beer for up to one
year. The most used polymeric materials are polyamides which bind
selectively phenol compounds by means of hydrogen bonds [13]. The
polyamides insoluble in beer were first applied as beer stabilizers by
Harris and Ricketts at the end of the fifties [16]. In the published study
they show the effectiveness of Nylon 66 for reducing anthocyanins in
beer. The stabilization due to the removal of polyphenols was discov-
ered in the course of a study of analytical methods, as in the case of
silica gels. Nevertheless, the application of nylons as adsorbent
agents for increasing the colloidal stability of beer was almost entirely
blocked due to their high price. In the sixties the nylon was replaced
by the cheaper PVPP [17].

4.2.1 Polyvinylpolypyrrolidone — PVPP

The PVPP is a macromolecular, water insoluble polyamide which
is able to bind selectively all polyphenols [5] with the appropriate size
and molecular arrangement for binding proteins [2]. It contains the
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trémné vysokym pomérem povrchu ke hmotnosti (1,2 m?/g). Zvy$eni
specifického povrchu totiz umoznuje pouziti pfipravku v mensich dav-
kach nez stabiliza¢ni prostfedek s vétsi velikosti a hrubosti ¢astic [2].
Reakce probiha jenom v urcité oblasti pH — v alkalickém prostredi se
vazba uvoliuje a adsorbované latky pfechazeji zpét do roztoku. Na
tomto principu je zalozena regenerace PVPP. V souc¢asné dobé se
pouzivaji hlavné dva zplsoby stabilizace piva PVPP: pfidani PVPP
pfi filtraci ke kfemeliné pfi davkovani (ztracena filtrace) a stabilizace
PVPP s naslednou regeneraci a recyklaci [2]. Pfi normalnim davkovani
PVPP (20-60 g/hl) odstrariuje pfiblizné 40 % anthokyanogenu obsa-
zenych v pivu. Struktura PVPP nedovoluje vytvaret Zzadné vnitini vo-
dikové vazby, veskeré vodikové vazby jsou k dispozici pro adsorpci
polyfenold, coz je dlivodem dobré Ucinnosti této adsorpce [2].

V soucasnosti je na trhu nékolik stabiliza¢nich prostfedkd na bazi
PVPP. Pravdépodobné nejpouzivanéjsi je Polyclar 10 od firmy ISP
a jeho obdoba Divergan F od firmy BASF. Tento bily, jemny, ve vodé,
v kyselinach, zasadach a organickych rozpoustédlech nerozpustny
prasek je vhodny ke kombinovanému pouziti s kfemicitymi gely. Sv(j
stabiliza¢ni U¢inek pIné rozvine, je-li pfed pouzitim rozmichan s vodou
teplou zhruba 40 °C jeden den pred filtraci. Po nabobtnani se pfipra-
vek mGze davkovat bud pfimo s kiemelinou do piva, nebo samostatné
ze specialniho davkovace, pfi¢emz optimalni doba kontaktu je 5 az
10 minut. Tento pfipravek je kompletné odstranitelny béhem filtrace.
Optimalni davkovani je v rozmezi 10 az 40 g/hl a kontaktni doba by
méla byt nejméné 3 minuty [1]. Dalsi variantou je PVPP urené pro
opétovné pouziti (regeneraci). Proto vyzaduje specidlni filtraéni a re-
generacni zafizeni, skladajici se z filtrani jednotky instalované za
kfemelinovym filtrem. Suspenze produktu se pfidava do pfrefiltrova-
ného piva a po 4 az 5 minutach je dosazeno pIné ucinnosti. Na trhu
je Divergan RS (BASF) a Polyclar Super R (ISP). Prostfedek je hru-
bozrnny prasek s prdmérnou velikosti ¢astic 80 az 100 um a je tedy
i mechanicky pevnéjsi nez prostfedek pouzivany pro jedno pouziti.
Regenerace pak probiha ve filtraéni jednotce. Stabilizator se regene-
ruje pomoci roztoku hydroxidu sodného. Takto regenerovany prostre-
dek se znovu proplachuje, neutralizuje, pasterizuje a je pfipraven pro
dalsi pouziti. Ztraty PVPP jsou minimalni (max. 1% pfi kazdé rege-
neraci), pfesto se doporucuje pravidelné kontrolovat obsah pevného
PVPP a ztraty doplnit [2].

4.2.2 Polyamidovy sorbent na bazi kiemeliny — BEERPAP®

V 80. letech byl proveden velmi intenzivni vyzkum na Vysoké $kole
chemicko-technologické v Praze a byla vyvinuta cela fada polyami-
dovych sorbentd s excelentnimi sorpénimi Ucinky na polyfenoly. Po-
kusné byly testovany i chemicky modifikované polyamidy na bazi po-
lykaprolaktamu a polyethylenoxidu [13,19]. Tyto prostfedky se ale
nikdy ve velkém nevyrabely.

V soucasné dobe je snaha vytvofit nové stabilizaCni prostfedky na
bazi polyamidu-6 nebo polyamidu 66 kombinovaného s kfemelinou
a prosadit je v napojovém pramyslu jako ndhradu za dosud pouzivané
sorbenty na bazi sitovanych polyvinylpyrolidont. Jednim z predsta-
vitelGl takovychto novych sorbenti je BEERPA® vyrobeny ve spolu-
préci firem KATCHEM, VSCHT a firmou ATYPO [20, 21, 22].

BEERPA® je novy plvodni ¢esky vyrobek uréeny ke stabilizaci na-
poju, pfedevsim piva a vina. Je zaloZzen na sorpci polyfenold, takze
by mohl nahradit pouzivani celkem drahého PVPP. Provozni zkousky
ukazaly, ze sorbent BEERPA® ma pfi stejném vahovém mnozstvi stej-
nou sorpéni kapacitu pro zakalotvorné polyfenoly piva jako stejna
davka PVPP. Sorbent ma navic vysokou aktivitu i pro sorpci bilkovin,
takZe dobre redukuje oba hlavni prekursory zakalu piva. Dale ma vy-
borné pritocné vlastnosti, nizky filtraéni odpor a protoze je to pravy
polymer, je naprosto nerozpustny v pivu. Dal$i vyhodou oproti PVPP
je, ze se nemusi nechat nabobtnat. Doporu¢ené davkovani je 40 az
50 g/hl, ale samoziejmé zalezi na dalSich okolnostech, jako napf. na
pouzivanych surovindch a technologii nebo na pozadované trvanli-
vosti. Tento prostfedek byl Uspésné provozné odzkousen v nékolika
Ceskych pivovarech [21,22] a pouziva se pfi kfemelinové filtraci, kde
se da kombinovat i s kfemicitymi gely.

4.3 Agarosovy sorbent (iontoménic)

Systém CSS firmy Handtmann je kompaktné konstruované stabi-
lizaCni zafizeni, které pracuje automaticky a Ize jej integrovat do
bézné filtraéni linky [4, 2]. Sklada se z jednoho nebo vice moduld, ve
kterych je jako naplii pouzita upravena agarosa. Prefiltrované pivo
protéka modulem systému CSS, ktery je napInén adsorp&nim mate-
ridlem a je zaloZen na adsorpci bilkovin a polyfenol( v jednom kroku
a nasledné regeneraci. Ke specifickému odstranéni latek tvoficich za-
kal sta¢i kontaktni doba nékolik sekund. Je to tedy alternativa ke kom-
binované stabilizaci piva s pouzitim kfemicitych gell a PVPP.

same —NH, functional group as haze-forming proteins [18] and is
completely inert and therefore safe for the use. The PVPP has a three-
dimensional structure reinforced by the molecular chains [2]. It is de-
livered to the breweries in the form of micronized dry powder of max.
6 % water content and an extremely high surface to weight ratio of
1.2 m?/g. Enhancement of the specific surface makes it possible to
use the agent in smaller doses than a stabilizer with a higher coarse-
ness and particle size [2]. The reaction occurs only in a certain pH
range. In an alkaline environment the bonds release and the adsorbed
particles go back into solution. PVPP recovery is based on this prin-
ciple. Recently two main stabilization procedures using PVPP are em-
ployed: a PVPP addition to silica gel during filtration and a stabilization
followed by PVPP recovery and recycling. With a normal PVPP
dosage of 20—60 g/hl about 40 % of anthocyanins contained in the
beer are removed. The structure of the PVPP does not allow the for-
mation of any internal hydrogen bonds. All hydrogen bonds are avail-
able for the adsorption of polyphenols which is the reason for its high
effectiveness [2]. They are a number of stabilizers based on PVPP
on the market. Probably the most frequently used is Polyclar from the
International Speciality Products Inc. (ISP) and its analogue Divergan
F from BASF. This white, fine powder, insoluble in water, acidic and
alkaline liquids and in organic solvents is suitable for combination with
silica gels. Its full effectiveness is reached after being soaked in circa
40 °C warm water for 24 hours. The soaked agent can be added to
the beer either directly with the silica gel or separately from a special
dispenser. The agent can be completely removed in the course of fil-
tration. The optimal dosage ranges from 10 to 40 g /hl beer and the
contact time should be at least 3 minutes with an optimum time of 5
to 10 minutes [1].

Other types of stabilizer based on PVPP are agents intended for re-
peated applications. A special filtration unit installed after the kieselguhr
filter must be available. The stabilizer in the form of a suspension is
added to the filtered beer. After 4 to 5 minutes the full effectiveness is
developed. Available on the market are Divergan RS from BASF and
Polycar Super R from ISP. The agent is a coarse grained powder with
an average particle size of 80 to 100 pm. Therefore, it is also mechan-
ically stronger than the stabilizer for single use. The recovery is carried
out in the filtration unit which is rinsed with carbon dioxide under pres-
sure. The substances adsorbed in the filter cake are removed by rinsing
with water followed by rinsing with sodium hydroxide. The recovered
agent must be rinsed again, neutralized, pasteurized and then is pre-
pared for next stabilization. In spite of the fact that the losses are min-
imal (max. 1 % per recovery) it is advisable to control the content of
solid PVPP regularly and compensate for any losses [2].

4.2.2 Polyamide Sorbent Based on Kiselguhr — BEERPAP®

In the eighties intensive research at the Institute of Chemical Tech-
nology Prague (VSCHT) was carried out and a number of polyamide
sorbents with excellent sorbent properties for polyphenols was de-
veloped. Some chemically modified polyamides based on polycapro-
lactam and polyethylene oxide were tested [13, 19]. However, these
agents were never produced in a large scale.

Currently, there is an effort to develop new stabilizers based either
on polyamide 6 or on polyamide 66 combined with kiselguhr and pro-
mote them in the beverage industry as a replacement for the hitherto
used sorbents based on cross-linked polyvinylpyrrolidone. One of
these newly developed agents is BEERPAP® produced in the co-ope-
ration between the companies Katchem and ATYPO and the VSCHT
[20, 21, 22].

BEERPAP® is an original Czech product designed for the stabiliza-
tion of beverages, especially of beer and wine. Due to the adsorption
of polyphenols it is predestined to replace the rather expensive PVPP.
A full scale trial proved the same sorbent capacity for haze-forming
polyphenols as the same amount of PVPP when recalculated to the
same polymer weight. Additionally, this stabilizer has a high sorption
activity for proteins so that it successfully reduces both the two most
important precursors of the beer haze. Furthermore it has excellent
flow characteristics, low filtration resistance and as a real polymer it
is completely insoluble in beer. Another advantage when compared
to PVPP is its instant use without previous soaking. It can be used
for a kiselguhr filtration but a combination with silica gels is also pos-
sible. The recommended dosage is from 40 to 50 g/hl and that varies
according to other circumstances such as the raw materials and tech-
nology used or the desired shelf life. This sorbent was successfully
tested in full scale trials in several Czech breweries [21, 22].

4.3 Agarose Sorbent (lon Exchanger)
The Combined Stabilization System (CSS) from the company
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Adsorbér systému CSS obsahuje pfiéné zesitovanou nerozpustnou
agarozu, coz poskytuje stabilni a nerozpustnou porézni matrici s ve-
likosti ¢astic 100 az 300 pm, na které se zachycuiji bilkoviny a polyfe-
noly a pfi regeneraci se z ni opét uvoliuji. Spifiuje tak potravinarské
predpisy a némecky ,zakon o Cistoté piva“ (Reinheitsgebot), protoze
ani vlastni material systému, ani jakékoli rozpustné latky nepfechazeji
do piva. Adsorpce je selektivni a z piva jsou odstrafiovany jen slouce-
niny tvofici zékaly. Diky této selektivité je odstrafiovano méné bilkovin
i polyfenol(, nez je tomu u tradi¢nich stabiliza¢nich metod a zaroven
se dosahuje minimalné stejné stability piva [4,2].

4.4 Taniny

Pfirodni taniny jsou velkou skupinou rostlinnych polyfenolickych
slou€enin. Déli se na tzv. kondenzované a hydrolyzovatelné taniny,
které mohou byt dale déleny na gallotaniny a ellagitaniny. Hydrolyzo-
vatelné obsahuji nékolik monomernich skupin kyseliny gallové nava-
zanych na cukr, kondenzované taniny jsou polymery flavonovych jed-
notek. Tyto skupiny tvofi s bilkovinami vodikové mastky, zatimco
karbonylové skupiny taninu reaguji s nukleofilnimi skupinami jako
napf. SH- nebo NH,-, a tim vznika tanin — bilkovinny komplex [13].

Vysoce Cisté taniny maji obvykle nepatrné natrpklou chut a reaguji
hlavné s bilkovinami piva o molekulové hmotnosti mezi 10 a 30 kDa
[13]. Daji se vyuzit jako Cistici a Cifici prostfedky k odstranéni preby-
te€nych bilkovin, jako antioxidanty a stabilizatory barvy. Taniny se mo-
hou aplikovat v rliznych fazich vyroby, napf. béhem rmutovani, chme-
lovaru, sudovani nebo pred filtraci. Podle toho jsou tyto stabilizaéni
prostfedky také odstranény, a to bud na varné spolu s mlatem, ve vi-
fivé kadi, sedimentaci béhem lezeni piva nebo pfi filtraci. Podle druhu
pfipravku je bézné davkovani v rozmezi 0,5 az 8 g/hl [23]. Protoze
v pivu jejich hydrolyzované produkty ¢asteéné zUstavaji, nesplnuji tak
tzv. zékon o Cistoté piva (Reinheitsgebot). Na trhu jsou pod ozna¢enim
Brewtan od firmy Ajinomoto OmniChem.

4.5 Proteolytické enzymy

Proteolytické enzymy (napf. papain z pap4ji, bromelain z ananasu,
ficin z fik(l) se dlouhou dobu pouzivaly ke snizovani obsahu proteind,
které tak nemohou snadno vytvaret protein-polyfenolové komplexy
[17]. Bohuzel tyto proteasy nejsou pfili§ specifické. Stejné tak, jak
hydrolyzuji zékalotvorné bilkoviny, totiz hydrolyzuji i hydrofobni poly-
peptidy, odpovédné za vznik pény. Jejich pouzivani ma nékolik dalSich
nevyhod: zUstavaji v pivu a negativné mohou ovlivnit pénivost piva,
jejich pouziti je v rozporu s tzv. zdkonem o Cistoté piva (Reinheitsge-
bot). Naopak jejich vyhodou je pomérné nizka cena.

Pokud uz dojde k rozhodnuti pouzivat ke stabilizaci piva enzymy,
je vhodnéjsi davkovat prolin-specifickou proteasu, ktera nenarusuje
pénotvorné bilkoviny (ty maji velmi nizky obsah prolinu). Jejim pu-
sobenim dochazi k redukci fetézce bilkovin bohatych na prolin a tyto
bilkoviny poté nejsou schopny tvofit bilkovinno-polyfenolové kom-
plexy [24]. Doporucuje se pfidavat enzymy ihned po chmelovaru,
ale mozna je i varianta, davkovat je do piva béhem lezeni [19]. Kje-
jich odstranéni je potfeba pasterizace, ale nékteré mohou zlstat
aktivni i po ni [25]. Na trhu je dostupna prolin-specificka proteasa
Brewers Clarex od firmy DSM, ktera se davkuje od 2 do 4 gramu
na hl piva.

4.6 Antioxidanty

Tyto latky se pouzivaji v pfipadé, Ze je v pivu obsazeno vétsi mnoz-
stvi kysliku. Funguiji tak, Ze na sebe volny kyslik chemicky vazi. Nej-
Castéji pouzivanym antioxidantem je kyselina askorbova a oxid sificity
ve formé sific¢itan(. Tyto latky zaroven prodluzuji chutovou stabilitu
piva, ale v nékterych statech je jejich pouzivani zakazano, protoze
v pivu zlstavaji a nesplniuji tak tzv. zakon o &istoté piva (Reinheits-
gebot) [5]. Bézné davkovani kyseliny askorbové je v rozmezi od 0,2
do 0,5 g/hl a davkovat se muze bud do pretlaénych tank(, nebo pfi
filtraci do piva. Oxid sifi€ity v pivu vznikd béhem kvaseni a je to tedy
pfirozeny antioxidant, ovSem jeho nasledné davkovani do piva neni
prilis rozsifené [13].

5 ZAVER

Koloidni trvanlivost piva zavisi pfedevSim na obsahu bilkovin a po-
lyfenold. Aby se netvofil koloidni zakal, je potfeba tyto slou¢eniny
z piva bud vyloucit, nebo eliminovat faktory, které vznik zakald ury-
chluiji.

Z velké ¢asti zalezi na pouzitych surovinach a celé technologii vy-
roby piva, ovéem bez pouziti stabiliza¢nich prostfedk( se vysoké tr-
vanlivosti nedosahne. VétSinou staci pouzit jeden stabilizaéni prostre-

Handtmann is based on the adsorption of proteins and polyphenols
in one step and a following recovery. It is a compactly constructed
and fully automatic stabilizing device and it can be integrated into
a common filtration unit [4, 2]. It is composed of one or more units
filled with treated agarose. The filtered beer flows through the CSS
unit filled with adsorbent material. The removal of specific haze-form-
ing substances is accomplished in few seconds. Therefore, is a good
alternative to the combined beer stabilization using silica gels and
the PVPP.

The adsorbent of the CSS is a highly cross-linked insoluble agarose
which forms a stable porous matrix with a particle size of 100—-300 pm.
The adsorbed proteins and polyphenols are released by the recovery
process. Since neither the adsorbent material nor any soluble sub-
stances pass into beer, the CSS fulfils the food laws and the German
Beer Purity Law (Reinheitsgebot). As the CSS removes selectively only
haze-forming substances, generally less proteins and polyphenols are
removed from beer when compared to traditional stabilization methods
and at the same time at least an equal beer stability is reached [2, 4].

4.4 Tannins

The natural tannins are part of a large group of vegetable polyphe-
nolic compounds. They are divided into condensed and hydrolysable
tannins. The hydrolysable tannins can be further divided into gallotan-
nins and ellagitannins which contain monomeric groups of gallic acid
bonded to glucose. Condensed tannins are polymers of flavonoid
units. These groups create hydrogen bonds with proteins whereas
the carboxylic groups of tannins react with nucleophillic groups as -
SH or -NH, to form a tannin-protein complex [13].

The highly pure tannins usually have a slightly astringent taste.
They react preferably with beer proteins of a molecular weight be-
tween 10 and 30 kDa [13]. They can be used as clarifying and fining
agents for the elimination of excessive proteins, as antioxidants and
as colour stabilizers. Tannins can be applied in different production
steps for instance during the mashing, the wort boiling and the racking
or before the filtration. Depending on the application step, the stabi-
lizers are removed either in the brewhouse together with spent grains,
or in the whirlpool-tank by sedimentation during the beer storage or
during the filtration. Since some their hydrolysed products of tannins
remain in the beer they do not conform to the German Beer Purity
Law (Reinheitsgebot).

Depending on the specific product the usual doses range from 0.5
to 8 g/hl [23]. A product available on the market is for example Brewtan
from the company Ajinomoto OmniChem.

4.5 Proteolytic enzymes

The proteolytic enzymes, for example papain from papaya, brome-
lain from pineapple or ficin from figs, have been used for a long time
to prevent the building of protein-polyphenol complexes by reducing
the protein content [17]. Nevertheless, these proteolytic enzymes are
rather non-selective. They hydrolyse both, the haze-forming proteins
and the hydrophobic polypeptides responsible for the foaming power.
Their use also has further disadvantages. They remain in the beer
and have negatively impact to foam of beer and since they remain in
the beer they do not conform to the German Beer Purity Law (Rein-
heitsgebot) . Their advantage is a relatively low price.

If choosing proteolytic enzymes as the beer stabilizer it is advisable
to use a proline-specific protease which does not destroy the low in
proline foam-forming proteins. They degrade the chains of proteins
rich in proline and thereby prevent the formation of complexes with
polyphenols [24]. It is recommended to add the enzymes directly after
wort boiling but an addition during beer storage is also possible [19].
A pasteurisation is necessary for the deactivation of proteolytic en-
zymes; nevertheless, some enzymes can stay active even after the
pasteurisation [25]. Available on the market is the proline-specific pro-
tease Brewers Clarex from the DSM Company Chemie GmbH. The
recommended dosage is 2—4 g/hl beer.

4.6 Antioxidants

These agents are used in cases of increased oxygen content in the
beer. They chemically bind free oxygen. The most used antioxidants
are ascorbic acid and sulphur dioxide in the form of sulphites. These
compounds also ensure the taste stability. Since they remain in the
beer they do not conform to the German Beer Purity Law (Reinheits-
gebot) and are forbidden in some countries [5]. The dosage of ascorbic
acid usually ranges from 0.2 to 0.5 g/hl beer. The addition is done to
the bright beer tank or in the course of the filtration. The sulphur dioxide
in beer is formed during the fermentation and therefore it is a natural
antioxidant. Nevertheless, its use is not common [13].
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dek a z piva tak vyloucit bud zakalotvorné bilkoviny, nebo polyfenoly.
Pokud jsou piva uréena na export a je tedy nutné, aby trvanlivost byla
vysSi, je lepsi, pouzit kombinovanou stabilizaci a snizit tak mnozstvi
jak bilkovin, tak polyfenoll. Proto je nutné, aby si kazdy pivovar urcil,
jak dlouhou trvanlivost pozaduje, podle toho se rozhodl, jaké pro-
stfedky bude pouzivat a pak si vyzkousSel vlastni davkovani, protoze
i kdyz vyrobce doporu€i urcité rozmezi davek, kazdy pivovar si ho
nakonec musi upravit podle viastnich podminek a vlastnosti piva.

Podékovani

Financovano z ucelové podpory na specificky vysokoskolsky vy-
zkum MSMT (Rozhodnuti &. 21/ 2011), z prostfedkl Vyzkumného
centra 1M0570 (MSMT) a Vyzkumného zaméru MSM6046137305
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