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Pivo ma, stejné jako vSechny ostatni potraviny, omezenou trvanlivost, se kterou velmi Uzce souvisi jeho koloidni stabilita. Protoze jsou
na ni v sou¢asné dobé kladeny stale vys$si naroky, jsou pivovary nuceny pouzivat k jejimu prodlouzeni nejriiznéjsi stabilizaéni prostredky.
K zaruéeni minimalni doby trvanlivosti dnes existuje fada metod, kterymi se da trvanlivost pfedpoveédét. Jedna se o tzv. Sokovaci a preci-
pitacni testy. Béhem Sokovani dochazi k urychleni starnuti piva a zrychlené tvorbé koloidniho zakalu pomoci stfidani vysokych a nizkych
teplot, zatimco pomoci precipitaénich testll se da zjistit obsah zékalotvornych prekurzorli v pivu a takto pfedpovédét jeho trvanlivost.

Kotlikova, B. — Jelinek, L. — Karabin, M. — Dostalek, P.: Prediction of beer colloidal haze formation. Kvasny Prum. 59, 2013, No. 4,
p. 101-104.

Like all of foods, beer suffers from a limited shelf life, which is closely related to the colloidal stability. Due to the increasing demand for
rather a lasting products, breweries are forced to use a variety of stability-extending agents. Today, there is a number of methods that
can predict a minimum shelf life. These methods are called forcing and precipitation tests. Forcing tests accelerate the ageing of beer
through alternation of high and low temperature, resulting in earlier formation of colloidal haze. Precipitation tests can detect the content
of haze-active precursors in beer, thus predicting its shelf life.

Kotlikova, B. — Jelinek, L. — Karabin, M. — Dostalek, P.: Die Vorhersage der Bildung der kolloidalen Triibung im Bier. Kvasny Prum.
59,2013, Nr. 4, S. 101-104.

Wie die anderen Lebensmittel wies das Bier auch eine beschrankte Haltbarkeit auf, mit der seine kolloidale Stabilitdt sehr eng zusam-
menhangt. Im Hinblick auf die zunehmenden Anspriiche auf die Verlangerung der Haftbarkeit des Bieres, sind die Brauereien gezwun-
gen, zu ihrer Verlangerung verschiedene Stabilisationsmittel anzuwenden. Zurzeit gibt es verschiedene Methoden zur Sicherung der
minimalen Haltbarkeit des Bieres, mit deren seine Haltbarkeit prognostiziert werden kann. Es handelt sich um die Schockiert- und Prezi-
pitazionstesten. Durch die Anderung der niedrigeren und hohen Temperatur wéhrend des Schockierttests wird die Alterung des Bieres
beschleunigt, mit der Anwendung von Prezipitazionstesten kann der Gehalt an tribungsbildende Prekursoren im Bier und dadurch auch

seine Haltbarkeit prognostiziert werden.

Kli¢ova slova: pivo, koloidni stabilita, koloidni zakal, zakalotvorné
prekurzory, Sokovaci testy, precipitacni testy

1 UvVoD

Koloidnim zakalem piva se rozumi soustava koloidnich ¢astic, kte-
ré jsou tvoreny tzv. prekurzory zékalu (bilkoviny a polyfenoly). Bilko-
viny a polyfenoly spolu ochotné reaguji a vytvareji komplexy, jejichz
Castice se postupné zvétsuji. Tim se komplexy stavaji nerozpustny-
mi a vznika viditelny zakal (Parker, 2007). Rozhodujicim faktorem je
pfitomnost kysliku, diky némuz dochazi k oxidaci polyfenoll a jejich
schopnost reagovat s bilkovinami tak vzrista (Parker, 2007). Kromé
kysliku ale tvorbu zakalu urychluji i dal$i vlivy, pfedevSim nevhodné
podminky pfi skladovani (svétlo nebo vyssi teploty) (Robinson et al.,
2004). Vznik zékalu pfedstavuje pro vyrobce velky problém, protoze
zékaznici povazuji viditelnou sedlinu v pivu za vadu (Robinson et
al., 2004; Siebert et al., 1996). Po celou dobu zaruky by pivo mélo
byt ¢iré, jiskrné, pénivé, fizné a mélo by mit odpovidajici chut a vini
(Rehmaniji et al., 2004). Béhem garantované trvanlivosti musi tedy
pivovar zarudit, ze se pivo z biologického i nebiologického hlediska
nezmeéni a ke spotrebiteli se dostane pouze s minimalnimi senzoric-
kymi zménami.

K vyfeseni problém0 spojenych s koloidni stabilitou piva je v pi-
vovarech nezbytné pouZivat nejriiznéjsi stabiliza¢ni prostfedky (kfe-
micité gely, polyamidové sorbenty). Ukolem stabilizace je minima-
lizovat riziko vzniku koloidnich a senzorickych zmén. Pivovar by
proto mél béhem deklarované doby zaruky provadét kontroly kvality
daného produktu. Pro kazdého vyrobce je tedy dllezité najit vhod-
nou metodu, ktera dostate¢né presné a rychle pfedpovi trvanlivost
daného piva.

Mira koloidni stability piva je vzdy zavisla na fadé konkrétnich fyzi-
kalné-chemickych vlastnosti kazdé Sarze vyrobku a zplisobu sklado-
vani. K jejimu stanoveni proto doposud neexistuje univerzalni meto-
da pouzitelna pro vSechna piva. Pro obecny odhad trvanlivosti byla
v minulosti vyvinuta cela fada fyzikalnich i chemickych metod (Sie-
bert a Lynn, 2005; Siebert a Lynn, 2006). Mezi nejvice vyuzivané
metody pro stanoveni pfedpoveédi trvanlivosti piva patfi tzv. Sokovaci
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1 INTRODUCTION

Colloidal haze is a system of colloidal particles built by the precur-
sors of colloidal haze — proteins and polyphenols. Proteins and poly-
phenols react together to build complexes with gradually increasing
particle size. The bigger particles become insoluble causing a visible
turbidity (Parker, 2007). The critical factor is the presence of oxygen
which allows oxidation of the polyphenols and thus increases their
ability to react with the proteins (Parker, 2007). Apart from oxygen,
the haze formation is also accelerated by further factors, in particular
by inappropriate storage conditions such as light or elevated temper-
ature (Robinson et al., 2004). The haze formation creates a big prob-
lem for producers since consumers regard visible turbidity in beer as
a defect (Robinson et al., 2004; Siebert et al., 1996). Beer should be
clear, brilliant, foamy and sharp and it should have the appropriate
taste and aroma up to the expiry date (Rehmaniji et al., 2004). During
the warranted shelf life the brewery must guarantee an unchanged
beer both from the biologically and the non-biologically point of view.
The consumer should get beer with minimal sensory changes only.

The aim of beer stabilization is the prevention of colloidal haze by
using different stabilization means such as silica gels or polyamide
adsorbents. The brewery should carry out product quality control up
to the expiry date. Therefore, for each producer it is important to find
an appropriate method for providing an exact and fast assessment
of the beer’s shelf life.

The degree of the colloidal beer stability always depends on a num-
ber of concrete physio-chemical properties of each batch and on the
storage conditions. Therefore, up to now no universal method for its
prediction exists. In the past, several physical and chemical methods
for a general evaluation of shelf life were developed (Siebert and
Lynn, 2005; Siebert and Lynn, 2006). The most used methods for the
prediction of beer stability are forcing and precipitation tests. These
tests accelerate the haze formation and its intensity is determined by
nephelometric measurements. Apart from the tests for the prediction
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a precipita¢ni testy, jimiz se docili zrychleného vzniku zakalu a jeho
intenzita se stanovi nefelometricky. Kromé testu pro predpovéd ko-
loidni stability piva existuji i metody, které podavaji informaci pfimo
o obsahu zakalotvornych prekurzort v daném pivu. Pomoci vysledki
z téchto testl Ize usuzovat, jak je dané pivo koloidné stabilni a taktéZ
jak uginna byla pouzita stabilizace (Savel a Prokopova, 1992).

2 TESTY PRO PREDPOVED KOLOIDNI
STABILITY PIVA

2.1 Sokovaci testy

Velmi dulezitou metodou pro predpovéd koloidni stability je tzv.
teplotni Sokovani. Je to destrukéni metoda, jejiz princip spociva ve
stfidavém umisténi piva pfi teplotach blizkych 0 °C a extrémnich
teplotach v rozmezi 40 az 60 °C (podle pouzivaného testu, jak udava
tab. 1) (Dienstbier, 2010), tzn. stfidani tzv. teplych a studenych dnt
az do dosazeni zakalu 2 j. EBC. Teply den znamena 24 hodin v lazni
horké 60 °C, studeny den je 24 hodin v chladné lazni. Pfedpovéd
trvanlivosti se urci podle poctu teplych dni potfebnych k dosazeni za-
kalu 2 j. EBC (pfedpovéd trvanlivosti - T2[dny]), pficemz jeden teply
den odpovida zhruba 1 mésici trvanlivosti (Gabriel, 2009). Princi-
pem téchto testl je urychlit proces starnuti piva (tepla faze) a vyvolat
tvorbu chladového zakalu (studend faze). Méfeni intenzity svazku
rozptyleného svétla ve vzorku je provadéno pod uhlem 90° (nefe-
lometrie) a 11 az 25° (dopfedny rozptyl). Vysledky jsou nejcastéji
udavany v jednotkach EBC (Analytica EBC, 1997a).

Vysledky testd muaze vyznamné ovlivnit pfitomnost kysliku roz-
pusténého v pivu a kysliku obsazenho v hrdlovém prostoru lahve.
Celkovy obsah kysliku v jednotlivych lahvich velmi kolisé, a tak je
nutné pouzit k jednomu testu nékolik soubézné odebranych lahvi.
Pro zajisténi vybéru lahvi s obsahem kysliku bézné dosahovaném
pfi staCeni je nutné stanovit obsah vzduchu v hrdlovém prostoru
i kysliku rozpusténém v pivu. Kyslik z hrdlového prostoru éasem pre-
chazi do piva, kde reaguje s jeho sloZzkami, a tim tvofi zékal. Jedna
se o pomérné pomalou reakci, a proto se dfive doporu¢ovalo pouzit
co nejdelSi dobu ohfevu, miniméalné jeden tyden, ale posledni dobou
je trend spiSe opacny, to znamena urychlit cely proces tak, aby doba
ohfevu byla co nejkratsi. Vzhledem k tomu, Ze jsou pouzivany tep-
loty kolem 60 °C, tedy extrémni teploty zna¢né odliSné od béznych
teplot, pfi kterych je pivo skladovano, nesou s sebou Sokovaci testy
riziko, ze vysledek nebude pfili§ spolehlivy. Pfesto vysledky Sokova-
cich testd pomérné dobfe koreluji se skuteénou trvanlivosti. Soko-
vani by v8ak mélo byt zahajeno nejpozdéji jeden tyden po stoceni,
aby se eliminoval vliv pfirozeného starnuti piva (Savel a Prokopova,
1992).

Pro nékteré pivovary je ovSem nepfijatelné, Zze Sokovani trva po-
mérné dlouhou dobu. Proto byly vyvinuty rychlej$i metody, které se
mohou pouzivat k okamzité provozni kontrole, tzv. precipitacni testy,
kterymi se stanovi obsah zakalotvornych prekurzord, diky némuz se
da odhadnout doba trvanlivosti. Vysledky téchto testl jsou dostupné
béhem nékolika minut, ovSem se skutec¢nou trvanlivosti uz vétSinou
nekoreluji tak dobre jako Sokovaci testy. Mezi nej¢astéji stanovova-
né veli¢iny patfi celkové a jednotlivé polyfenoly, oxidované a oxido-
vatelné polyfenoly a anthokyanogeny.

2.2 Precipitacni testy

Precipitaéni testy jsou zaloZzeny na principu vysrazeni zakalotvor-
nych prekurzorll po pfidani titraéniho &inidla, se kterym tvofi dané
latky komplexy. To umoznuje sledovat vyvoj vznikajiciho zakalu
a vysledky testd jsou udavany bud pfimo jako hodnota intenzity za-
kalu, nebo jako mnozstvi titra¢niho Cinidla potfebného pro vznik re-
gistrovatelné intenzity zakalu (Dienstbier, 2010).

Siranovy test

Tato metoda podavé informace o stavu koloidniho systému piva
pomoci sledovani koncentrace latek vysolitelnych nasycenym roz-
tokem siranu amonného. Je to metoda doporu¢ena analytikou 0B
(I0B, 1997). Spociva v davkovani nasyceného roztoku siranu amon-
ného do zkousSeného piva az do vzniku registrovatelného zakalu
(Basarova et al., 1993). Intenzita zakalu se nejprve neméni (mlze
dokonce mirné klesat), ale po dosazeni jisté koncentrace dojde
k jeho prudkému narlstu (k vysolovani). Tento bod (prah vysoleni
— SASPL - Saturated Ammonium Sulphate Precipitation Limit) je de-
finovan jako mnozstvi roztoku siranu amonného potfebné k vzniku
registrovateiného zakalu. Cim vice se tedy musi pfidat siranu, tim
lepsi koloidni trvanlivost pivo ma.

of beer stability there are methods which measure the content of haze
precursors in beer directly. By means of these tests it is possible to
predict the colloidal stability of a single beer and also the effectiveness
of the stabilizers used (Savel and Prokopova, 1992).

2 TESTS FOR THE PREDICTION
OF COLLOIDAL BEER STABILITY

2.1 Forcing Tests

A very significant method for the prediction of colloidal stability is the
heat forcing test - a forced ageing process accelerated by thermal treat-
ment. The principle of these tests is to accelerate the aging process
(warm period) and provoke the formation of chill haze (cold period). It
is a destructive method based on alternate placements of the beer at
temperatures close 0 °C and temperatures in the range of 40 to 60°C.
These conditions simulate the variation between warm and cold days
until a haze of 2 EBC u. (European Brewery Convention turbidity unit)
is built. A 24 hour period in a bath with a temperature of 60°C corre-
sponds to a warm day and a 24 hour period in a cold bath corresponds
to a cold day. The used tests are described in Tab. 1 (Dienstbier, 2010).
The prediction of stability - T2 - is determined by the number of warm
days before a haze of 2 EBC u. is reached. One warm day corresponds
to approximately 1 month of stability (Gabriel, 2009). The measure-
ment of the intensity of a beam of scattered light through the sample is
done with angles of 90° (side scattering) and of 11 to 25° (forward scat-
tering). The results are mainly given in EBC u. (Analytica EBC, 1997a).

The results of the tests can be significantly influenced by the pres-
ence of oxygen dissolved in the beer and the oxygen inherent in bottle
neck. The total content of oxygen in single bottles is very variable, and
therefore several bottles must be tested simultaneously to get a valid
result. For the assessment of the typical oxygen content during bot-
tling it is necessary to determine both the oxygen content inherent
in the bottle neck and the oxygen dissolved in the beer. Over time,
the oxygen from the bottle neck area permeates into the beer, reacts
with its components and builds a haze. The process is relatively slow
therefore in former times it was recommended to extend the duration
of the beer warming up period to a minimum of one week. Neverthe-
less, a recent trend is to keep the period for warming up as short as
possible. In view of the fact that the temperatures of 60 °C used for
the tests are extreme and completely different from the normal stor-
age temperatures for beer it is possible that the results of the forcing
tests will not be very credible. Nevertheless, the results of forcing tests
correlate surprisingly well with the real shelf life. To eliminate the in-
fluence of natural beer aging the forcing tests have to be carried out
latest one week after bottling (Savel and Prokopova, 1992)

For some breweries however the forcing tests are undesirably time
consuming. As a consequence faster tests — the precipitation tests -
were developed. These tests are based on a direct determination of
haze forming precursors such as total polyphenols, single polyphe-
nols, oxidized and oxidizable polyphenols and anthocyanogene thus
allowing a prediction of the beer stability. Results from these tests
can be available within several minutes. Accordingly, they can be
used for immediate operational controls. Nevertheless, the correla-
tion to the real shelf life is normally worse than with the forcing tests.

2.2 Precipitation Tests

Precipitation tests are based on the precipitation of the haze form-
ing precursors by a titration agent. This allows the direct monitoring
of the haze formation. The results of the test are given either as a val-
ue of the haze intensity or as the amount of titration agent needed for
the formation of the first perceptible haze (Dienstbier, 2010).

SASPL (Saturated Ammonium Sulphate Precipitation Limit) —
Test

This method gives information on the state of the colloidal system
in the beer by following the concentration of precipitatable substanc-
es using saturated ammonium sulphate solution. This method is rec-
ommended by the I0B (Institute of Brewing) (IOB, 1997). The meth-
od is based on determining the amount of titration agent needed to
cause a perceptible haze in the beer sample (Basarova et al., 1993).
At the beginning of the test the haze intensity remains stable or even
sometimes slightly decreases. The precipitation increases rapidly af-
ter the limiting concentration is reached. This point — the SASP-Limit
is defined as the amount in ml of saturated ammonium sulphate solu-
tion needed to cause a perceptible precipitation. The more sulphate
needed the greater the beer colloidal stability expected.
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Stanoveni tanoidu

Tato metoda je zaloZena na reakci tanoidl (nizko- az stfednémo-
lekularni polyfenolové latky) s PVP (polyvinylpyrrolidon). Tanoidy
jsou adsorbovatelné rozpustnym vysokomolekularnim PVP, se
kterym se vazi vodikovymi mustky (Basafova et al., 1993). PVP
se pfidava kontinualné a intenzita zakalu se zvySuje do té doby,
nez se navazi vSechny tanoidy. Tento okamzik odpovida maximu
kfivky. Jakmile za€ne v roztoku pfevazovat PVP, zaéne zékal zno-
vu klesat. Koncentraci tanoidd zjistime z mnozstvi PVP (mg PVP/I
vzorku), které bylo potfeba dodat do roztoku k dosazeni maximal-
niho zékalu. Intenzita zakalu se zjiStuje nefelometricky a vysledek
je vyjadren v mg/I.

Stanoveni ,,citlivych“ proteini

Principem této metody je reakce citlivych protein( (proteiny majici
silnou afinitu k tanindm) s taninem za vzniku nerozpustného kom-
plexu. Reakce probiha mezi nukleofilni skupinou proteinu (-SH nebo
NH,) a ketonovou skupinou taninu, tvofi se srazenina, a tim se zvy-
Suje zakal. Intenzita zakalu piva se méfi nefelometricky (vyjadfuje se
v jednotkach EBC) a je pfimo Umérna obsahu zékalotvornych protei-
nd (Analytica EBC, 1997b).

Formaldehydovy test

Principem této metody je tvorba zakalu vyvolana pfidavkem
formaldehydu do zkoumaného piva. Podle koloidniho stavu dané-
ho piva se v ném po vytemperovani na 0 °C vytvofi zakal. Ten
se uvadi v jednotkdch EBC a nasledné je prepocten na trvanlivost
vyjadfenou poétem tzv. teplych dni. Tento test se pouziva k rychlé
informaci o trvanlivosti piva, ovéem nenahrazuje Sokovaci testy,
protoze vysledky jsou velmi zavislé na podminkach analyzy (Basa-
fova et al., 1993).

3 METODY PRO §TANOVENi OBSAHU
ZAKALOTVORNYCH PREKURZORU

3.1 Stanoveni polyfenolovych latek

Ke stanoveni polyfenoll byla vypracovana fada metod. Nejc¢asté;ji
je stanovovan obsah polyfenolovych latek, a to jak celkovych, tak
i zastoupeni jednotlivych polyfenoll. Polyfenoly se nejcastéji stano-
vuji spektrofotometricky, vyuziva se ovSem i vysoce Uc¢inna kapalino-
va chromatografie (HPLC).

Stanoveni celkovych polyfenolii

Principem této metody je reakce polyfenold s trojmocnymi ionty
zeleza v alkalickém prostfedi, pfi niz dochazi ke vzniku ¢erveného
barevného komplexu. Intenzita vzniklého komplexu se méfi speki-
rofotometricky pfi vinové délce 600 nm oproti slepému vzorku. Vy-
sledkem je koncentrace polyfenolld v mg/l (Basarova et al., 1993;
Analytica EBC, 1997c).

Stanoveni anthokyanogenti

Principem této metody je adsorpce anthokyanogenul obsazenych
v mladiné (&i pivu) na polyamidovy prasek. Adsorbované antho-
kyanogeny se spolu s polyamidem za zvySené teploty rozpusti ve
smési butanolu a kyseliny chlorovodikové, pfiéemz dojde ke vzniku
oxoniovych soli (¢ervené zabarveni) a intenzita tohoto zabarveni
se zméfi spektrofotometricky pfi vinové délce 550 nm (Basafova
et al., 1993).

Stanoveni oxidovanych a oxidovatelnych polyfenolti

Principem metody stanoveni oxidovanych polyfenoll je reakce
polyfenold s cinchoninsiranem. Polyfenoly s nim tvofi nerozpustny
komplex a vznikly zakal se méfi nefelometricky. PFi stanoveni oxi-
dovatelnych polyfenoll se ke vzorku mladiny nebo piva nejprve pfida
roztok peroxidu vodiku, aby doslo k jejich oxidaci, po dané dobé se
reakce zastavi enzymem peroxidasou a poté se postupuje analogic-
ky jako u stanoveni oxidovanych polyfenolll (Basafova et al., 1993).

Stanoveni jednotlivych polyfenolii

Principem metody je adsorpce polyfenoll na polyamidovy sorbent
a jejich nasledna extrakce acetonem. Timto dojde ke zkoncentrovani
polyfenold v roztoku a ziskany extrakt se znovu extrahuje ethylace-
tatem. Po odpareni rozpoustédla se k izolovanym polyfenoltm pfi-
da malé mnozstvi methanolu a vzorek se analyzuje pomoci HPLC.
Touto metodou je mozné zjistit zastoupeni i mnozstvi jednotlivych
polyfenold ve vzorku piva (Basarova et al., 1993).

Determination of Tannoids

This method is a nephelometric titration based on the reaction of
tannoids (low and medium molecular weight polyphenols) with PVP
(polyvinylpyrrolidone). Tannoids can be precipitated by the addition
of soluble high molecular weight PVP. The formation of hydrogen
bridge bonds allows the adsorption (Basarova et al., 1993). When
PVP is titrated into the beer the formation of the haze increases to
a maximum as all the tannoids are bonded. As the PVP addition con-
tinues the haze intensity decreases from a dilution effect. The peak
value in mg PVP/I sample gives a concentration of tannoids which
can be correlated with colloidal stability.

Determination of Sensitive Proteins

This nephelometric titration is based on the reaction of sensitive
proteins (proteins which have a strong affinity to tannins) with tan-
nin. Tannic acid easily forms insoluble complexes with proteins. The
reaction proceeds via the nucleophilic groups of the proteins (-SH or
-NH,) and the functional group of the ketones. The resulting precipi-
tate increases the haze. The haze intensity given in EBC units cor-
relates directly with the content of haze forming proteins (Analytica
EBC, 1997b).

Formaldehyde Test

This method is based on haze formation induced by the addition of
formaldehyde to the beer being tested. After cooling down to a tem-
perature of 0 °C a haze is formed according to the colloidal state of
the beer. The haze intensity is given in EBC u. and subsequently
converted to a shelf life expressed as a nhumber of warm days. This
test is only used for fast information about the beer shelf life. It can-
not replace the forcing test because the results depend strongly on
the analytical conditions (Basarova et al., 1993).

3 METHODS FOR THE DETERMINATION
OF HAZE PRECURSORS

3.1 Determination of polyphenols

For the determination of both the total polyphenols and the indi-
vidual compounds a number of methods were developed. The most
frequently used approaches are spectrophotometric determination or
high performance liquid chromatography (HPLC)

Determination of total polyphenols

The method is based on the reaction of polyphenols with triva-
lent iron ions in an alkaline medium which involves the formation of
a red coloured complex. The intensity of the colour is measured with
a spectrophotometer at the wavelength of 600 nm against a blind
sample. The results are expressed as the concentration of polyphe-
nols in mg/l (Basafova et al., 1993; Analytica EBC, 1997c).

Determination of anthocyanogene

The method is based on the adsorption of anthocyanogene inher-
ent in wort or beer on polyamide powder. Both the adsorbed antho-
cyanogene and the polyamide powder are dissolved in a mixture of
butanol and hydrochloric acid at elevated temperature. The inten-
sity of the red colour of the oxonium-salts formed is measured with
a spectrophotometer at the wavelength of 550 nm (Basarova et al.,
1993).

Determination of oxidized and oxidizable polyphenols

The principle of the determination of oxidized polyphenols is the
reaction of polyphenols with cinchonine sulphate. The resulting in-
soluble complex is measured with a nephelometric method. Prior to
the determination of oxidizable polyphenols a solution of hydrogen
peroxide is added to the sample of beer or wort. The oxidative reac-
tion is stopped after a given period by a peroxidase enzyme. The
following procedure is the same as for the determination of oxidized
polyphenols (Basafova et al., 1993).

Determination of single polyphenols

The method is based on the adsorption of polyphenols on a pol-
yamide adsorbent followed by an acetone extraction. Thereby the
polyphenols are concentrated in the solution and then extracted
again with ethyl acetate. The solvent is then evaporated. The iso-
lated polyphenols were redissolved in a small amount of methanol
and quantitatively and qualitatively analyzed by HPLC (Basarova et
al., 1993).
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3.2 Stanoveni zakalotvornych bilkovin

ELISA test

Ke stanoveni obsahu a zastoupeni jednotlivych skupin bilkovin
jsou pouzivany imunochemické metody, nejcastéji ELISA (Enzyme
Linked ImmunoSorbent Assay). Tou je mozné stanovit napf. gluten
(lepek — bilkovina nejCastéji spojovana s onemocnénim zvanym celi-
akie) v pivu, popf. jeémeni ¢i sladu (Dostélek et al., 2006). V soucas-
né dobé je vSak ELISA vyuzivana i pro charakterizaci a kvantifikaci
zéakalotvornych ¢i pénotvornych bilkovin.

PFed vlastnim stanovenim zakalotvornych bilkovin v pivu je nutné
nejprve je izolovat. Jednou z moznosti je jejich adsorpce na silikagel
(Evans et al., 2003). Dale je mozné vyuzit napf. membranovou filtra-
ci, pfi které se z uméle stafeného piva ziska kal obsahujici zakalo-
tvorné bilkoviny (Ishibashi et al., 1996). Zakalotvorné bilkoviny jsou
néasledné izolovany pomoci SDS-PAGE (Sodium dodecyl sulfate-po-
lyacrylamide gel electrophoresis).

Ke stanoveni zékalotvornych bilkovin se nejéastgji pouziva ne-
kompetitivni ELISA, v tzv. sendvi¢ovém uspofadani (Evans et al.,
20083; Ishibashi et al., 1996), pfi které dochazi k navazani protilatky
na pevnou fazi, naslednému navazani antigenu (stanovovana bil-
kovina) na tuto protilatku a dale navazani dalsi, enzymové znace-
né, protilatky na komplex protilatka-antigen (Kralova et al., 2007).
Protilatky jsou bézné vyvijeny imunizaci kralikd ¢i mysi, vétSinou
jsou vyuzivany protilatky polyklonalni, ovSem v poslednich letech se
vyzkum zaméfil i na vyvoj monoklonalnich (Evans et al., 2003; Hu-
lin et al., 2007). Enzym, nej¢astéji alkalicka fosfatasa nebo kfenova
peroxidasa, zde katalyzuje vznik barevného produktu. Jeho intenzi-
ta je pfimo umérna mnozstvi stanovované bilkoviny, coz umoziuje
jeji detekci a kvantifikaci. Ishibashi et al. (1996) ve své praci pouzili
alkalickou fosfatasu a po jeji reakci méfili intenzitu Zlutého zbarve-
ni p-nitrofenolu pfi vinové délce 405 nm. V jiné praci (Evans et al.,
2003) byl pouzit enzym kfenova peroxidasa a po jeho reakci byla
mérfena intenzita modrého zbarveni produktu 4-chloro-1-nafton pfi
vinové délce 492 nm.

Predpoklada se, ze pomoci imunochemickych metod bude mozno
vybirat slady s vhodnymi parametry, a tak zlepsit koloidni stabilitu
piva a stejné tak i stabilitu pivni pény.

4 ZAVER

Pro pfedpovéd trvanlivosti piva byla v minulosti vypracovana rada
metod. Nékteré jsou rychlé, vhodné pro operativni pouziti pfimo
VvV provozu, jiné vyzaduji vybaveni dostupné jen ve specializovanych
laboratofich. Pro deklarovani minimalni trvanlivosti je vSak potfeba
sledovat i tzv. skute¢nou trvanlivost, to znamena, kazdou $arzi kon-
trolovat okamzité po vyrobé a provadét v urcitych ¢asovych inter-
valech kontrolu kvality vSech Sarzi po celou dobu jejich trvanlivosti.

Mezi nejbéznéjSi metody patfi tzv. Sokovaci a precipitaéni testy.
Ve v8ech metodach je cilem vyloucit zakalotvorné latky z piva a poté
v ndm zmé&fit mnoZstvi takto vzniklého zakalu. Sokovaci testy jsou
destrukénimi metodami, pfi kterych je pivo vystavovano nezadoucim
vliviim teploty stfidavym uloZenim pfi vysokych a nizkych teplotach.
Tyto testy hodnoti stabiliza¢ni ucinek, ovsem v pivovarskych labo-
ratofich nejsou pro svou ¢asovou naroénost pfili§ ¢asto vyuzivany.
Naopak precipitaéni testy poskytuji informace o mnozstvi zékalotvor-
nych prekurzord téméf okamzité. U Sokovacich i precipitaénich testl
se méfeni provadi nefelometricky. V sou¢asné dobé jsou k dispozi-
ci zakaloméry, které dokazi zméfit zakal a vysledek zobrazit pfimo
v jednotkach EBC.

Kromé vySe uvedenych metod jsou k dispozici i takové, kterymi se
daji stanovit jednotlivé zakalotvorné prekurzory, a to jak polyfenoly,
tak bilkoviny. Méfeni je nej¢astgji provadéno spektrofotometricky,
mozné je vSak i stanoveni pomoci HPLC (polyfenoly) ¢i imunoche-
mickou metodou ELISA (bilkoviny).

3.2 Determination of haze-active proteins

ELISA

For determinations of particular protein groups immunological
methods, most commonly ELISA (Enzyme Linked ImmunoSorbent
Assay) are used. By using ELISA it is possible to detect for example
gluten (a protein linked with celiac disease) in beer and prospectively
in barley or wort (Dostalek et al., 2006).). Recently ELISA has been
used for the quantitative and qualitative determinations of haze-ac-
tive and foam-forming proteins.

The first step is the isolation of the haze-active proteins. This can
be achieved for instance by adsorption onto silica gel (Evans et al.,
2003) or by using a membrane filtration of force-aged beer. The re-
sulting sediment contains haze-active proteins which can be isolated
by means of SDS-PAGE (Sodium dodecyl sulphate-polyacrylamide
gel electrophoresis) (Ishibashi et al., 1996).

For the determination of haze-active proteins the non-competitive
sandwich ELISA is most often used (Evans et al., 2003; Ishibashi
et al., 1996). This assay involves the adsorption of antibodies onto
a solid phase followed by the adsorption of antigens (protein test-
ed) on these antibodies. After this comes an adsorption of enzyme
marked antibodies to the complex antibody-antigen (Kralova et al.,
2007). The antibodies are commonly developed by the immuniza-
tion of rabbits or mice. Polyclonal antibodies are mostly used but
recently, research has aimed at the development of monoclonal anti-
bodies (Evans et al., 2003; Hulin et al., 2007). The enzymes such as
alkaline phosphatase or horseradish peroxidase catalyze the forma-
tion of coloured products. The colour intensity correlates directly with
the estimated content of protein. Ishibashi et al. (1996) used alkaline
phosphatase. After the reaction the intensity of the yellow colour of
the p-nitrophenols at the wavelength of 405 nm was measured. In
the research project of Evans et al. (2003) the enzyme horseradish
peroxidase was used and after the reaction the blue colour intensity
of 4-chloro-1nafton at the wavelength of 492 nm was measured.

Presumably, by means of immunological reactions it will be pos-
sible to choose malts with parameters suitable for improving both the
colloidal stability of the beer and the beer foam stability.

4 CONCLUSIONS

In the past several methods for the prediction of beer stability were
developed. Some of them are fast and therefore suitable for using
directly during production. Other methods need instruments only
available in specialised laboratories. However, for the postulation of
a minimum shelf life it is necessary to keep track of the real shelf life
as well. That means controlling each batch immediately after produc-
tion and at certain intervals, carry on with the quality control of all
batches during the whole time of their shelf life.

The most common methods include forcing and precipitation tests.
All these methods are based on the precipitation of haze-active pre-
cursors in the beer followed by a measurement of the amount of the
precipitate. The forcing tests are destructive methods. The beer is
exposed to undesirable influences by storing it at alternating high
and low temperatures. The tests can estimate the stabilizing effects
but they are rather time consuming. Therefore they are not used very
often in brewery laboratories. On the contrary, the precipitation tests
provide almost immediate information about the content of haze-ac-
tive precursors. Both with the precipitation test and the forcing test
the measurement is carried out using nephelometric methods. Re-
cently, the Haze Meter was developed which measures the haze and
subsequently reads the results directly in EBC units.

Furthermore, by means of other methods single haze-active precur-
sors such as polyphenols or proteins can also be determined. The most
frequently used approaches are spectrophotometric determination,
HPLC for polyphenols or immunochemical technique ELISA for proteins.

Tab 1 NejbéznéjSi Sokovaci testy / The most common forcing tests (Dienstbier, 2010)

Test / Test

Zpusob provedeni / Specification

PUvodni EBC test / Original EBC test
Soucasny EBC test / Actual EBC test

168 h (40 °C) — 24 h (0 °C)
12h (0 °C) — 48 h (60 °C) — 12 h (0 °C)

Schildlv test / Schild’s test

168 h (60 °C) — 24 h (0 °C)

Test dle Basarové a Kahlera / Test acc. Basarova and Kahler

6h(0°C)— 16 h (66 °C) — 6 h (0 °C)

Test dle Savla a Prokopové / Test acc. Savel and Prokopové
Analytika Mebak r.1979 / Analytica Mebak 1979

24 h (0 °C) — 144 h (50 °C) — 24 h (0 °C)
24 h (40 °C, pfip. / or 60 °C) — 24 h (0 °C)
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Zadna z téchto uvedenych metod neni schopna pfedpovédét tr-
vanlivost zcela pfesné, proto kazdy pivovar musi sledovat vyvoj za-
kalu a podle ziskanych dat si danou metodu upravit.

Podékovani
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Svétova premiéra degustace nopalového piva

Ve Ctvrtek 15.02.2013 v prostoru kabaretu
minipivovaru U medvidka v Praze 1, Pers-
tyn, probéhla za pfitomnosti velvyslance
Spojenych statll mexickych pana Josého
Luise Bernala svétova premiéra degustace
nopalového piva. Tuto degustaci zorganizo-
valy firmy Pivo Praha s.r.o. a Partners AR-
DANAS, socialni druzstvo Prostéjov.

Nopalové pivo je obchodni nazev piva, vy-
robeného z klasickych pivovarskych surovin
s pridavkem mexického kaktusu nopal, i
mexicka opuncie (latinsky Opuntia ficus indi-
ca) Tento kaktus je druh opuncie, kterou po-
uzivali do rznych pokrmd jiz pfiblizné pfed
5000 lety stafi Majové, ktefi ji povazovali za
Lbozskou“ rostlinu. Disledkem skute¢nosti,
Ze tento druh opuncie roste pfevazné v la-
vovych polich, je neobvykle vysoky obsah
vlaknin, minerald, vitamint, aminokyselin,
antioxidantd a tak zvanych fytochemikalii
v duziné. Jde o biologicky aktivni latky (je jich
znamo vice nez 10 000), které potlaéuji vol-
né radikaly, zplsobujici vznik rakoviny, dale
mohou vést k srdeénim chorobam, diabetu
a artritidé. Rostlina nopal je dale bohatym
zdrojem nerozpustné i rozpustné vlakniny.
Rozpustnd vldknina zpomaluje vyprazdno-
vani zaludku, tak se zabrani nahlému koli-
sani hladiny cukru v krvi. Vlaknina v travicim
traktu zvysi sv(j objem. Nerozpustna viakni-
na také pomaha zfedit koncentraci potenci-
alnich karcinom( v tlustém stfevé. Nopalova
mouka dale obsahuje sedmnact z 21 ami-
nokyselin, vitaminy A, C, K, B6, B12 a deset

a zinek.

nejlepsi.

Nopalové pivo je vyrobeno z klasického
sortimentu surovin s pfidavkem rozemleté
mouky z nopalu, sklizeného ve vySce 1500
az 3000 metr(l nad mofem na Uboéi druhé
nejvyssi sopky Popocatepetl v Mexiku (nad-
mofska vySka 5426 m). Tato lokalita byla
podle sdéleni firmy Partners ARDANAS,
s.d. vybrana na zakladé posouzeni kvality
sklizené rostliny z rGznych ¢asti zemé jako

Prvni zkou$ky véarky tohoto typu piva
probéhly nejdfive ve vyzkumném pivovaru
Mendelovy univerzity v Brné, ktery ma ob-
jem varky pfiblizné 80 litr(l, dalsi varka byla
vyrobena v Bfevnovském klaSternim pivo-
varu sv. Vojtécha. V ramci degustace Ing.
Jan Surdn, spolumajitel firmy Pivo Praha
s.r.0., seznamil pfitomné s pribéhem varky
a s nékterymi problémy, které nopal ve slo-
Zeni sypani zplUsoboval (napf. silné pénéni
a dalsi). Degustované pivo mélo trochu od-
liSnou chut, ale vzhledem k deklarovanym
zdravotnim pfinosim si konzumenty i pies
vySSi cenu jisté najde, podobné jako nopa-
lové pecivo, které vyrabi firma Partners AR-
DANAS, socialni druzstvo Prostéjov a které
bylo spolu s nopalovym pivem degustovano.
U tohoto druhu peciva pfidavek nopalové
mouky podstatné prodluzuje dobu Cerstvosti
peciva a zlepSuje jeho chut.

zékladnich mineral( — vapnik, méd, zelezo,
hof¢ik, mangan, fosfor, draslik, selen, sodik

Ladislav Chladek



