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Stabilizace piva znamena pouziti riiznych stabilizaénich prostfedkl k dosaZeni pozadované trvanlivosti, na kterou jsou v soucasnosti
kladeny stéle vyssi naroky. Cilem pfispévku je doporucit vhodny zplsob zavedeni stabilizace v provozu na zakladé vysledkii ziskanych po-
rovnanim adsorpénich uginkd nékolika stabilizaénich pfipravku v laboratornim méfitku. Po vyhodnoceni vysledku laboratornich zkouSek byly
vybrany dva stabiliza¢ni prostfedky, které svymi vlastnostmi nejlépe vyhovovaly poZzadavkim pivovaru. Adsorbenty byly nasledné aplikovany
v provozu a jimi oSetfené vzorky piv byly testovany titraénimi a Sokovacimi testy. Vysledky byly pouZity pro pfedpoveéd koloidni stability.
Aplikaci nového stabilizaéniho postupu byla vyrazné prodlouzena trvanlivost piv v porovnani se vzorky stabilizovanymi plivodnim postupem.

Kotlikova, B. — Gabriel, P. — Fiala, J. — Jelinek, L. — Karabin, M. — Sladky, P. — Dostalek, P.: Practical Experience with Installation
of Beer Stabilization in Operation. Kvasny Prum. 60, 2014, No. 3, pp. 46-51

Stabilization of beer means using various stabilization agents to attain the required shelf life. Currently increasing demands are placed
on the shelf life of beer. The aim of this paper is to recommend a suitable way how introduce stability to the operation on the basis of the
results obtained by comparing the adsorption effects of several stabilization agents in laboratory scale. After evaluation the results two
stabilizing agents with properties that best suit the requirements of the brewery were selected. They were applied to the operation and
samples of beer treated with these adsorbents were tested by titration and forcing tests. The results were used to predict the colloidal
stability. Application of the new stabilization process extended greatly shelf life of beer in comparison with samples of beer stabilized with
the original procedure.

Kotlikova, B. — Gabriel, P. — Fiala, J. — Jelinek, L. — Karabin, M. — Sladky, P. — Dostalek, P.: Die praktische Erfahrungen mit der
Einfiihrung der Bierstabilisation im Brauereibetrieb. Kvasny Prum. 60, 2014, Nr. 3, S. 46-51

Die Bierstabilisierung heif3t eine Anwendung von verschiedenen Stabilisationsmitteln zur Erreichung der gewiinschten Lebensdauer,
auf die im Gegenwart immer héhere Anspriche angelegt sind. Der Artikel befasst sich mit einer Empfehlung einer Stabilisationsmethode
in Brauereibetrieb, die auf Basis vom Vergleich der Adsorbtionsauswirkungen einiger Stabilisationsmittel im LabormaBstab ermittelt wur-
de. Nach der Auswertung von Laborergebnissen wurden zwei Stabilisationsmittel ausgewahlt, die mit ihren Eigenschaften den Anforde-
rungen der Brauerei am besten genugten. Im Brauereibetrieb weiter wurden die Adsorbente angewandt, und die Muster des stabilisier-
ten Bieres durch Titrations- und Forciereste geprift. Die Ergebnisse wurden fir die Vorhersage der kolloiden Bierstabilitdt angewandt.
Durch Anwendung eines neuen Stabilisationsverfahrens wurde im Vergleich mit den anderen durch urspriingliche Stabilisationsweise

vorbereiteten Biermustern die Lebensdauer des Bieres wesentlich verléangert.
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1 UvVOoD

Pivo je celosvétové oblibeny napoj, a proto jsou na jeho kvalitu
pfirozené kladeny vysoké naroky. Stejné jako vSechny ostatni po-
traviny, ma vSak i pivo omezenou trvanlivost, se kterou velmi uzce
souvisi jeho koloidni stabilita (Bamforth, 1999). Dnes je zcela bézné
deklarovat trvanlivost az 1 rok a pivovar musi garantovat, Ze se pivo
dostane ke spotrebiteli bez senzorickych zmén, tzn. po celou dobu
zaruky zlstane ciré, jiskrné, pénivé, fizné a bude mit odpovidajici
chut a vani (Rehmaniji et al., 2004).

Pojem koloidni stabilita piva je v pivovarském pramyslu velmi roz-
Sifeny a znamena rovnovahu mezi zékalotvornymi bilkovinami a po-
lyfenoly, které maji schopnost spolu reagovat a vytvaret komplexy,
jez se z piva vyluéuji ve formé zakalu (Parker, 2007). Pro dosazeni
dobré koloidni stability je nutné pouzivat kvalitni vstupni suroviny,
ovéreny technologicky postup a po stoceni pivo skladovat ve vhod-
nych podminkach (Robinson et al., 2004). Kromé dodrzovani téchto
zékladnich zasad se v pivovarech bézné pouziva tzv. stabilizace.
Tou se rozumi oSetfeni piva ur€itymi stabilizaénimi prostfedky, které
z piva odstranuji jeden nebo oba hlavni zakalotvorné prekurzory (bil-
koviny a polyfenoly) (Siebert et al., 1996). Nejcastéji probiha stabili-
zace béhem konec&nych Uprav piva (pfi filtraci), k Eemuz se dnes po-
uzivaji dva zakladni postupy: stabilizace pomoci silikagelt a pomoci
polyvinylpolypyrrolidonu (PVPP). U silikagelt je pfedmétem stabili-
zace reakce s proteiny obsazenymi v pivu, zatimco PVPP reaguje se
zéakalotvornymi polyfenoly. Oba tyto prostfedky funguji na principu

Keywords: beer, colloidal stability, stability-extending agents,
forcing tests, precipitation tests

1 UVOD

All over the world, beer is a favorable beverage, thus demands
for its quality are naturally high. But similarly as all other foods, beer
has a limited shelf life and with it closely associated colloidal stabil-
ity (Bamforth, 1999). Today even one-year durability is commonly
expected and breweries must guarantee that beer reaches the con-
sumer without sensory changes, i.e. throughout the whole warranty
period it will remain clear, foamy, sharp, brilliant, and will taste and
smell appropriately (Rehmaniji et al., 2004).

The term colloidal stability of beer is widely used in the brewing
industry and it means a balance between haze-forming proteins and
polyphenols, which have the ability to react together and form com-
plexes which are secreted from the beer in the form of haze (Parker,
2007). To achieve good colloidal stability, good quality raw materials,
verified technological procedure must be used and after racking beer
must be stored under suitable conditions (Robinson et al., 2004).
Besides keeping these principal rules, so-called stabilization is com-
monly used in breweries. This means treatment of beer with certain
stabilizers that remove from beer one or both main haze producing
precursors (proteins and polyphenols) (Siebert et al., 1996). Stabili-
zation is usually a part of beer final treatment (during filtration) and
currently two basic procedures are used: stabilization with silica gels
and polyvinylpolypyrrolidon (PVPP). While the stabilization with silica
gel is based on the reaction with proteins contained in beer, PVPP
reacts with haze-forming polyphenols. Both methods are based on
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adsorpce a jejich kombinované pouziti je idealni pro dosazeni vy-
soke trvanlivosti piva (Niemsch, 2007; Niemsch a Heinrich, 2006).

U¢innost stabilizacnich prostfedkd se da posoudit tzv. Sokovacimi
metodami Ci precipitacnimi testy (Savel a Prokopova, 1992; Sladky
a Dienstbier, 2001). Sokovaci testy jsou destrukéni metody, které
vystavuji pivo nezadoucim vliviim teploty stfidavym ulozenim pfi ex-
trémné vysokych a extrémné nizkych teplotach. Tyto testy hodnoti
pomérné spolehlivé stabilizaéni u¢inek z hlediska dosazené koloidni
stability, jsou vSak vysoce ¢asové naro¢né (Dienstbier et al., 2010).
U hluboce stabilizovanych piv je doba trvani testu az 14 dni. Precipi-
taéni testy poskytuji informace o obsahu zakalotvornych prekurzort,
jsou Casoveé nenarocné (1 test trva 10—30 minut) a umozniuji sledovat
uc¢innost odstranéni zékalotvornych prekurzor( stabilizaénim proce-
sem (Siebert a Lynn, 2005; Siebert a Lynn, 2006).

2 MATERIAL A METODY

2.1 Laboratorni testy stabiliza¢nich prostredku

K zavedeni novych stabiliza¢nich prostfedkl vyhovujicich po-
zadavk(m daného pivovaru bylo nejprve nutné provést laborator-
ni zkou$ky vybranych stabilizatorl na nefiltrovaném a nestabili-
zovaném pivu. Byla pouzita piva typu lezak, ktera byla odebrana
pfimo z lezackého tanku. K testovani byly vybrany tfi prostfedky
na odstranéni polyfenold na bazi PVPP a tfi pfipravky na odstra-
néni proteind na bazi kfemicitych geld. Béhem testl stabilizatorh
byla sou¢asné pouzivana jemna kfemelina od firmy SECA Clar-
cel CBL3. Po vyhodnoceni vysledkl byly vybrany dva prostfedky
nejlépe vyhovujici narokim pivovaru a ty byly nasledné pouzity
v provoznim méfitku.

Zasobni roztoky stabilizaénich prostfedkl byly pfipraveny tak, aby
vysledna koncentrace stabilizatoru v pivu odpovidala koncentraci
doporu¢ované dodavatelem, tedy 10 g/l v pfipadé prostiedkd na
bazi PVPP, 50 g/l v pfipadé kfemicitych geld. Dané mnozstvi bylo
rozmichano v destilované vodé a poté automatickou pipetou davko-
vano do piva. Prostfedky na bazi PVPP byly jesté pfed davkovanim
ponechany podle doporu¢eni nabobtnat.

Jeden vzorek byl ponechan nestabilizovany, byl pouze dvakrat
prefiltrovan pres filtraéni papir s vrstvou kfemeliny. Ke stabilizaci
bylo pfipraveno vzdy 300 ml vzorku, do néj bylo pfidano 0,5 g kfeme-
liny a dané mnozstvi stabilizaéniho prostfedku. Vzorky byly preve-
deny pod atmosférou CO, do uzaviratelnych lahvi a byly ponechéany
za stalého michani v lednici pfi 8 °C po dobu 30 minut. Nasledovala
dvajita filtrace pfes filtrani papir. Nakonec byly ponechany 30 minut
na tfepaéce, aby se odstranil CO, a jeSté nejméné 15 minut staly
v klidu pfi pokojové teploté, kvili odstranéni mikrobublin, které by
mohly rusit samotné méfeni zakalu. Doba pusobeni stabilizaénich
prostfedkll byla v laboratornich testech vy$§i nez minimalni kon-
taktni doba deklarovana vyrobcem, aby se minimalizoval jeji vliv na
provedeni testu.

Pro pfedpovéd koloidni stability piv bylo pouzivano nékolik analy-
tickych metod. Béhem téchto testl byly pouzivany chemikalie uvede-
né v tab. 1. S naméfenymi hodnotami nestabilizovaného vzorku byly
srovnavany hodnoty vzorku stabilizovanych jednotlivymi prostfedky.

2.2 Sokovaci testy

Tyto testy jsou jednou z nejpouzivanéjSich metod pro pfedpovéd
koloidni stability, pomoci nichz je mozné hodnotit stabiliza¢ni ugéi-
nek. Jedna se o destrukéni metody vystavujici pivo velkym rozdiliim
teplot, ¢imz dochazi k urychleni nezadoucich zmén vlastnosti piva.
Princip spociva ve stfidavém uloZeni piva pfi extrémnich teplotach
40 az 60° C a nasledném ochlazeni na 0 °C. Plsobenim chladu je
vyvolavan chladovy zékal, zatimco v teplé Casti teplotniho Sokovani
se urychluje starnuti piva (Savel a Prokopova, 1992).

V nasem pfipadé probihalo stfidani teplot 0 °C a 60 °C po 24 ho-
dinach, stfidaly se tedy tzv. teplé a studené dny. Podle poctu teplych
dni potfebnych k dosazeni zékalu 2 j. EBC (pfedpovéd trvanlivosti —
T2 [dny]) je mozno pfedpovédét trvanlivost piva, pfi¢emz jeden teply
den odpovida pfiblizné 1 mésici trvanlivosti (Gabriel, 2009). Intenzita
svazku rozptyleného svétla je ve vzorku mérena nefelometricky, tedy
pod uhlem 90° a vysledky jsou udavany v jednotkach EBC (Analytica
EBC (a)).

2.3 Precipitacni testy

Precipitaéni testy slouzi k urCeni obsahu zakalotvornych slozek
(Sladky a Dientsbier, 2001). Jsou zaloZeny na principu vysrazeni za-
kalotvornych prekurzor(l po pfidani titracniho Cinidla, se kterym tvofi
dané latky komplexy. Pfidané Cinidlo reaguje s jednotlivymi typy za-

the principle of adsorption and their combined use is ideal to achieve
long shelf-life of beer (Niemsch, 2007; Niemsch and Heinrich, 2006).

The efficiency of stabilizers can be assessed with forcing tests or
precipitation methods (Savel and Prokopova, 1992; Sladky and Di-
enstbier, 2001). Forcing tests are destruction methods during which
beer is subject to undesirable effects of alternating extremely high/
extremely low temperatures. These tests relatively reliably assess
the stabilization effect in terms of the achieved colloidal stability;
however, they are highly time demanding (Dienstbier et al., 2010). In
deeply stabilized beers, the testing time is even 14 days. The precipi-
tation tests render information on haze precursors, they are not time
demanding (1 test takes 10—-30 minutes) and allow to monitor the
efficiency of haze precursors elimination by the stabilization process
(Siebert and Lynn, 2005; Siebert and Lynn, 2006).

2 MATERIAL AND METHODS

2.1 Laboratory tests of stabilizers

Prior to the introduction of new, stability-extending agents that
meet the requirements of the given brewery, firstly laboratory tests
of the selected stabilizers were conducted in non-filtered and non-
stabilized beer. For testing lager beer collected directly from a stor-
age tank was used. Three products for removing polyphenols on the
PVPP basis and three for the elimination of proteins with silica gels
were applied. In addition during tests of stabilizers fine kieselguhr
from the company SECA Clarcel CBL3 was applied. After result eval-
uation two agents best meeting requirements of the brewery were
selected and subsequently used in large-scale operation.

Stock solutions of the stabilizers were prepared so that the final
stabilizer concentration in beer corresponded to the concentration
recommended by the supplier, i.e. 10 g/l and 50 g/l for PVPP and
silica gel stabilizers, respectively. The given amount was mixed in
distilled water and then added to beer with an automatic pipette. The
PVPP-based products had been firstly allowed to swell.

One sample was left non-stabilized, it was only filtered through
a filtration paper with the kieselguhr layer twice. Always 0.5 g of kie-
selguhr and the given amount of a stabilizer were added to a sample
(300 ml). The samples were transferred under CO, atmosphere to
closeable bottles and left while constantly stirring in a refrigerator at
8°C for 30 minutes. Subsequently, the samples were double filtered
through the filtration paper. Finally, they were left for 30 minutes on
a shaker, to remove CO,, and then for at least 15 minutes left still at
room temperature to remove microbubbles that could interfere in the
haze measurement. The efficiency time of the stabilizers in labora-
tory tests was higher than the minimum contact time declared by the
manufacturer, thus minimizing their effect on the test performance.

Several analytical methods were used to predict colloidal stability
of beer. Chemicals listed in Table 1 were used during these tests.
The measured values of the samples stabilized by individual agents
were compared to the values of the non-stabilized sample.

2.2 Forcing tests

These tests belong to the most frequently method for the predic-
tion of colloidal stability, with their use the stabilization effect can be
assessed. These destruction methods subject beer to big differenc-
es in temperatures accelerating thus undesirable changes in beer
characters. The principle is based on alternating depositing beer at
extreme temperatures 40 to 60° C and following cooling to 0 °C. Chill
haze arises during the cooling, while high temperatures of thermal
shocking procedure accelerate beer ageing (Savel and Prokopova,
1992).

In our case, temperatures of 0 °C and 60 °C altered after 24 hours,
so-called hot and cold days rotated. According to the number of
warm days needed to achieve the haze of 2 EBC units (shelf-life
prediction — T2 [days]), beer shelf-life can be predicted, one warm
day corresponds approximately to 1 month of the shelf-life (Gabri-
el, 2009). The intensity of the scattered light beam is measured by
nephelometry in the sample, i.e. at an angle of 90° and the results
are reported in units EBC (Analytica EBC (a)).

2.3 Precipitation tests

The precipitation tests are used for the determination of haze-
forming components (Sladky and Dientsbier, 2001). The tests are
based on the precipitation of haze precursors after the addition of the
titration agent with which the given substances form complexes. The
added agent reacts with the individual types of haze-forming compo-
nents and the haze formed is detected by a turbidimeter.
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kalotvornych slozek a vytvari zakal, ktery se

Tab. 1 Pouzité chemikalie / Table 1 Chemicals used

detekuje zakalomérem.

Siranovy test (SASPL test)
Tato metoda dava informace o stavu ko-
loidniho systému piva pomoci sledovani

koncentrace latek vysolitelnych nasycenym

roztokem siranu amonného. Roztokem si-
ranu amonného se titruje zkouSené pivo az

Chemikalie / Chemicals Vyrobce / Manufacturer Koncentrace /
Concentration

Siran amonny / MERCK Nasyceny roztok /Saturated

Ammonium sulphate solution (>820 g/l)

PVP K90 ISP 0.4 g/l

Tanin / Tannin MERCK 0.2g/l

do vzniku viditelného zékalu. (Basarova et
al.,, 1993). Ten se nejprve neméni (mlze
dokonce mirné klesat), ale po dosazeni jisté

Tab. 2 Hodnoty testl vzorku A stabilizovaného rliznymi stabilizaénimi prostfedky / Table 2
Values of tests of the sample A stabilized with different stabilizers

koncentrace dojde k jeho prudkému naras- = -

tu (k vysolovani). Tento bod (prah vysoleni Prostredt_akl test TAN TANg,s | Tanoidy ) SP SP odstr./| SASPL

— SASPL - ,Saturated amonium Sulphate Preparation / test| (mg/l) (mgl/l) odstr_.l (i- EBC/ SP (ml/10ml)

Precipitation Limit) je definovan jako mnoz- Tannoids | EBC un.) | r en:oved

stvi roztoku siranu amonného potfebné remooved (%)

k vzniku registrovatelného zakalu (Gabriel, (%)

2009). Bez stabilizace / 54.9 103.5 11.4 0.98
Without

Stanoveni tanoidu (TAN test) stabilization

_ Tanoidy jsou nizko- az stfednémoleku- [ pqyfenely-1 / 28.2 57.6 446 10.3 1.24

larni polyfenolové latky, které specificky Polyphenols-1

reaguji s bilkovinami obsazenymi v pivu

a vytvareji tak zakal. Jsou adsorbovatelné Polyfenoly-2 / ND 28.7 72.3 10.3 1.35

rozpustnym PVP, se kterym tvoii nerozpust- | Polyphenols-2

né komplexy pomoci vodikovych mastka. Polyfenoly-3 / 28.7 59.4 42.6 11.6 1.23

PVP se kontinualné pfidava a intenzita za- Polyphenols-3

kalu se zvySuje do té doby, nez se navazi  I'giyqyiny.1/ 52.3 - 6.9 39.5 157

vSechny tanoidy. V této dobé je dosazeno Proteins-1

maxima kfivky a jakmile zacne v méfeném

roztoku prevazovat PVP, zagne zakal znovu Bilkoviny-2/ 53.3 - 8.4 26.3 1.24

klesat (Chapon, 1993). Koncentraci tanoidti | Proteins-2

zjistime z mnozstvi PVP (mg PVP/I vzorku), Bilkoviny-3 / 55.5 - 6.8 40.4 1.35

které bylo nutné dodat do roztoku k dosaze- Proteins-3

ni maximalniho zakalu. Intenzita zakalu se
méfi nefelometricky a vysledek je vyjadfen
v mg/l (Basarova et al., 1993).

Modifikovana verze TAN testu — s pridavkem nasyceného roztoku
sfranu amonného (SASS)

Tato metoda zvySuije citlivost a rozliSovaci schopnost testu a umoz-
fuje méfit i vysoce stabilizované vzorky. Pfidavek soli do vzorku totiz
snizuje rozpustnost PVP-tanoidovych komplext. SASS se do vzorku
pfidava jesté pred zahajenim vlastniho testu a ¢im vice se ho do
vzorku pfidd, tim vy$§i je namérena hodnota tanoidd a zékalu. Ne-
smi se ovSem prekro€it hranice koncentrace, pfi které uz dochazi
k vysrazeni proteind. Do 5 ml se bézné pfidava 0,5 ml SASS. Tim
dojde ke zvyraznéni maxima zékalu, ale zaroveri jeté neni vyvolano
srazeni protein(l (Gabriel, 2009, Dienstbier et al., 2011).

Stanoveni citlivych proteinti (SP test)

Citlivé proteiny v pivu jsou takové, které maji silnou afinitu k tani-
ndm a za vzniku trvalého zakalu s nimi rychle reaguji (Basarova et
al., 1993). Reakce probiha mezi nukleofilni skupinou proteinu (-SH
nebo —NH,) a ketonovou skupinou taninu, tvofi se srazenina, a tim
se zvysSuje zakal.

Do 5 ml vzorku je jednorazové nadavkovano 0,25 ml roztoku ta-
ninu, je sledovan vyvoj zakalu a po 10 minutach je test ukonéen. In-
tenzita zakalu piva se méfi nefelometricky (vyjadfuje se v jednotkach
EBC) a je pfimo umérna obsahu zéakalotvornych proteint (Analytica
EBC (b)).

Béhem vySe zminénych testd byly pouzity chemikalie o danych
koncentracich uvedené v tab. 1.

Intenzita zakalu v pivu byla méfena zakalomérem MZN-2002, coz
je plné automatizovany pfistroj schopny méfit zakal pfimo v komer¢-
nich lahvich. Ur€eni hodnoty zakalu probiha na zakladé méfeni in-
tenzity svétla rozptyleného ve vzorku pod thlem 90° a 12° vzhledem
ke sméru Sifeni plvodniho svételného svazku a vysledky jsou uva-
dény v jednotkach EBC.

Titraéni testy byly provaddény na standardni, komeréné dostupné
aparatufe DATTS 2000 (obr. 1), ktera se sklada ze zakaloméru MZN-
2002, softwaru MZN CONTROL, obé&hového termostatu od firmy
1-Cube a pistové davkovaci pumpy. Ta slouzi jako davkova¢ titra¢-
niho ¢inidla. Pro vyhodnoceni korelaénich koeficientll a regresnich
zavislosti byl pouzit program Microsoft Excel.

ND — pod mezi detekce / not detected

Sulphate test (SASPL test)

This method provides information on the state of the beer colloi-
dal system by monitoring the concentration of substances precipi-
tated by a saturated solution of ammonium sulfate. The ammonium
sulfate solution is titrated to the tested beer until a visible haze is
formed. (Basarova et al., 1993) At first the haze does not change (it
may even slightly decline), but after reaching a certain concentration
a sharp increase (precipitation) occurs. This limit (SASPL — (“Sat-
urated Ammonium Sulphate Precipitation Limit) is defined as the
amount of ammonium sulphate needed for the origin of recordable
haze (Gabriel, 2009).

Tannoid determination (TAN test)

Tannoids are low to medium molecular polyphenolic substances
which specifically react with the proteins contained in beer creating
haze. They are adsorbable with soluble PVP, with which they form
insoluble complexes through hydrogen bridges. On continuous in-
jection of a solution of PVP into the sample a haze develops until
all the tannoids are bound. PVP is continuously added and haze in-
tensity increases until all tannoids are bound. At this point the curve
maximum is achieved and as soon as PVP exceeds in the measured
solution, haze again starts to decline (Chapon, 1993). Tannoid con-
centration is determined from the amount of PVP (mg PVP/I of the
sample) which had to be added to the solution to achieve the maxi-
mum haze. The haze intensity is measured by nephelometry and the
result is expressed in mg/l (Basafova et al., 1993).

Modified version of the TAN test — with the addition of saturated am-
monium sulphate (SASS)

This method increases sensitivity of the test and allows for meas-
uring of highly stabilized samples. Addition of sulphate to the sample
reduces solubility of the PVP-tannoid complexes. SASS is added
to the sample prior testing, and the more amount is added to the
sample, the higher the measured value of tannoid and turbidity is.
However, the limit of concentration at which protein already starts
to precipitate must not be exceeded. Commonly, 0.5 ml of SASS
is added to 5 ml. This highlights the maximum of haze turbidity, but
protein precipitation is not initiated (Gabriel, 2009 Dienstbier et al.,
2011).
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3 VYSLEDKY A DISKUSE

3.1 Vybér stabiliza¢nich prostredku

Stabilizaéni prostfedky byly vybirany na zékladé vysledkl labora-
tornich zkousek. U¢innost stabilizace byla posuzovana tfemi titracnimi
testy — testem na stanoveni tanoidd (TAN test), citlivych proteind (SP
test) a siranovym testem (SASPL test). V tab. 2 jsou uvedeny vysledky
laboratornich zkou$ek UGéinnosti stabilizacnich prostiedkd provedené
na vzorku piva plzeriského typu. Tytéz zkousky byly provedeny na dal-
Sich 6 vzorcich piva plzefiského typu rliznych druh(i a stupriovitosti
produkovanych pivovarem a u véech vzorku byly vysledky test( obdob-
né. Prostfedky na odstranéni tanoidu, oznacené jako Polyfenoly-1,2,3,
jsou na bazi PVPP, prostfedky na odstranéni bilkovin, ozna¢ené jako
Bilkoviny-1,2,3, jsou na bazi kifemicitych gell. Nejlepsiho stabiliza¢ni-
ho G¢inku na odstranéni tanoidd bylo podle TAN testu dosazeno pfi
pouziti pfipravku Polyfenoly-2. Klasickym testem nebyla hodnota ta-
noidu detekovatelnd, proto musel byt pouZit test s pfidavkem siranu
amonného (TANSAS), pak byla naméfena hodnota 28,7 mg/l. Mira od-
stranéni tanoidu pfi pouZiti tohoto pfipravku se u véech vzorkl pohybo-
vala v rozmezi 40-75 %. Podle SP testu dosahly nejlepsich vysledku
pfi odstranéni zakalotvornych proteint shodné prostiedky Bilkoviny-1
(6,9 j. EBC) a Bilkoviny-3 (6,8 j. EBC). Mira odstranéni zakalotvornych
protein(i témito prostfedky se u vSech vzorkd pohybovala v rozmezi
25-45 % (rozdily mezi obéma stabilizacnimi prostfedky byly v fadu
procent). Nejlepsiho vysledku pfi SASPL testu dosahl prostfedek Bil-
koviny-1 (1,57 ml/10 ml nasyceného roztoku siranu amonného).

Podle ziskanych vysledkd byl pro provozni zkousky vybran pro-
stfedek Polyclar 10 a Stabiquick Strong, tedy dva prostredky, které
prokazaly nejlepSi stabiliza¢ni uc¢inky a nejlépe vyhovovaly pozadav-
kdim pivovaru (zohlednéno bylo i ekonomické hledisko).

3.2 Srovnani pavodni a nové stabilizace

Po vybéru stabilizacnich prostfedkl bylo provedeno srovnani nové
zavedené a pUvodni stabilizace v provozu, pfi¢emz bylo o¢ekavano
zlepSeni odstranéni zakalotvornych prekurzord. Podle nové zavede-
né stabilizace byly vzorky oSetfeny 40 g/hl v pfipadé Stabiquicku
Strong a 15 g/hl v pfipadé Polyclaru 10. Vzorky oSetfené puvodné
pouzivanou stabilizaci byly oSetfeny pfipravkem na odstranéni zaka-
lotvornych proteint i pfipravkem na odstranéni polyfenold.

Vysledky srovnani jsou zobrazeny v tab. 3. Z naméfenych hodnot
je zfejmé, ze vSechna piva, ktera byla stabilizovana novym zpUso-
bem, dosahla lepSich vysledkl oproti pivim stabilizovanym ptvodné
pouzivanou stabilizaci. Bylo prokazano, Ze nové zavedeny postup
stabilizace sniZil obsah zakalotvornych prekurzor(i u véech zkouma-
nych vzorkld. Mira zlep$eni je zavisla na druhu piva. Pfedev§im do-
8lo k vyznamnému poklesu tanoidd, zhruba o 30 %. K tak vysokému
Ubytku doslo pravdépodobné diky pouZiti nové zavedeného stabili-
zaéniho prostiedku pro adsorpci polyfenold. Pokles citlivych protein(
se pohyboval v jednotkach % a zlepSeni odstranéni zakalotvornych
sloucenin podle testu SASPL bylo v rozmezi 0,04 az 0,25 %, coz
jsou pomeérné nevyznamné hodnoty. Mira odstranéni bilkovin je té-
méf shodna u plvodniho i nové pouzitého kiemicitého gelu, v obou
pfipadech se jednalo o Stabiquick (pouze jiny typ), ovéem u Sta-
biquicku Strong bylo mozné snizit davkovani.

3.3 Predpovéd koloidni stability

Po vyhodnoceni testl bylo pfistoupeno k pouziti vybranych stabili-
zacnich prostfedkl v provozu. Byla odebirana piva jednotlivych Sarzi
oSetfenych nové navrzenou stabilizaci, u kterych byl méfen obsah
kysliku, aby se mohl posoudit jeho vliv na koloidni stabilitu. Nasledné
byly provedeny titracni i Sokovaci testy, pomoci nichz byla u jednot-
livych Sarzi pfedpovézena trvanlivost v teplych dnech (T2) (tab. 4).

Obr. 1 Aparatura DATTS 2000 / Fig. 1 DATTS 2000 equipment

Determination of sensitive proteins (SP test)

Sensitive proteins in beer are the proteins with a strong affin-
ity to tannins, during a quick reaction permanent haze is formed
(Basarova et al., 1993). The reaction proceeds between the nucleo-
philic group of the protein (-SH or -NH,) and tannin ketone group,
precipitate is formed and haze is thus increased.

Solution of 0.25 ml of tannin is once added to a 5 ml of the sample,
the development of haze is observed and after 10 minutes the test is
terminated. The intensity of beer haze is measured by nephelometry
(expressed in units EBC) and is directly proportional to the content of
haze-forming proteins (Analytica EBC (b)).

Chemicals of given concentrations used during the above-mentio-
ned tests are given in Table 1.

The intensity of haze in beer was measured by a turbidity meter
MZN-2002, which is a fully automated instrument capable of meas-
uring haze directly in commercial bottles. Determination of the haze
value is based on measuring the intensity of light scattered in the
sample at angles of 90° and 12° relative to the direction of propaga-
tion of the original light beam and the results are reported in the EBC
units.

Titration tests were performed on standard, commercially avail-
able DATTS 2000 equipment (Fig. 1) consisting of a turbidity meter
MZN-2002, software MZN CONTROL circulating thermostat from the
company 1-Cube and piston dosing pumps. It serves as a dispenser
of titration agent. Program Microsoft ExcelATTS 2000 was used for
the evaluation of the correlation coefficients and regression depend-
ence (Fig. 1).

3 RESULTS AND DISCUSION

3.1 Selection of stabilizing agents

Stabilizing agents were selected based on results of the labora-
tory tests. The efficiency of stabilization was assessed by three ti-
tration tests — the test for the determination of tannoids (TAN test),
sensitive proteins (SP test) and sulphate test (SASPL test). Results
of the laboratory tests of the stabilizing agent efficiency carried out
in Pilsen-type beer samples are given in Table 2. The same tests
were performed in further six Pilsen-type beer samples of different
brands and gravity produced by the brewery, with and similar results
in all samples. Preparations for removing tannoids marked as Poly-
phenols-1,2,3 are on the basis of PVPP, preparations for removing
proteins marked as Proteins-1,2,3 are on the basis of silica gels.
According to the TAN test, the best stabilizing effect for removing
tannoids was achieved with the preparation Polyphenols-2. The clas-
sical test did not detect the tannoid value, therefore the test with the
addition of ammonium sulphate was used (TANSAS), the value of
28.7 mg/l was then detected. The rate of removal of tannoid using
this preparation ranged from 40-75% in all samples. According to
the SP test, the best results in the removal of haze-forming proteins
was achieved with the preparations Protein-1 (6.9 EBC) and Pro-
tein-3 (6.8 EBC). The rate of removal of haze-forming proteins with
these preparations varied from 25—45% in all samples (the difference
between the two stabilizing agents was in the order of percents).
The best result was achieved in the SASPL test with the preparation
Protein-1 (1.57 ml/10 ml of saturated ammonium sulphate solution).

Based on the results achieved, the preparations Polyclar 10 and
Stabiquick Strong were selected for operational tests, i.e. two prepa-
rations that exhibited the best stabilizing efficiency and met the re-
quirements of the brewery best (economic aspect was also taken
into account).

3.2 Comparison of original and new stabilization

After the selection of stabilizing agents, the newly introduced sta-
bilization was compared with the original one; the improved removal
of haze-forming precursors was expected. According to the newly
introduced stabilization, the samples were treated with 40 g/hl of Sta-
biquick Strong or 15 g/hl of Polyclar 10. The samples treated by the
originally used stabilization were treated with preparations for remov-
al of haze-forming proteins and polyphenols. The results obtained
from the comparison are given in Table 3. The measured values sug-
gest that all the beers stabilized using the new method achieved
better results compared to the beers stabilized with the originally
used stabilization process. It was proven that the newly introduced
technique reduced the content of haze-forming precursors in all in-
vestigated samples. The extent of improvement depends on the beer
type. Namely tannoids declined significantly, roughly by 30 %. This
high decline was probably due to the use of the newly introduced
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Tab. 3 Srovnani vzork( piv oSetfenych plvodni (P) a novou (N) stabilizaci / Table 3 Compa-
rison of beer samples treated with original (P) and new (N) stabilization

stabilizer for the polyphenol adsorption. The
decline in sensitive proteins varied in the %

Vzorek / test TAN (mg/l) | TANgs(mgll) | SP(j.EBC SASPL units and the improvement of the removal
Sample / test /EBC un.) (mi/10 mi) of haze-forming compounds according to
the SASPL test was in the range of 0.04
P N P N P N P N to 0.25 %, which are quite insignificant val-
ues. The extent of the removal of proteins is
1 304 ND 404 28.1 11.0 10.4 104 1.8 nearly similar both in the original and newly
) ) ) ) ) ) ) used silica gel, in both cases Stabiquick was
2 ND ND 39 | 275 | 119 | 11.7 | 113 | 1.20 used (only another type), however, with Sta-
biquick Strong, the dose could be reduced.
3 29.0 ND 60.3 42.6 12.0 11.9 1.24 1.35
3.3 Prediction of colloidal stability
4 33.8 30.0 62.0 49.9 11.6 10.5 1.23 1.38 After evaluation of the tests, the selected
5 21.2 19.9 50.3 34.7 11.9 11.6 0.83 1.02 stabilization agents were used in practice.
Beer samples of the individual batches
6 18.6 ND 47.3 28.4 11.5 10.6 1.02 1.27 treated with newly developed stabilization,

ND — pod mezi detekce / not detected

Tab. 4 Hodnoty testl u deseti Sarzi téhoz piva / Table 4 Values of tests in ten batches of the

in which the oxygen content was measured
in order to assess its effect on the colloi-
dal stability, were taken. Subsequently,
titration and force tests for prediction of

same beer shelf-life in hot days (T2) (Table 4). The
Vzorek/naméfené | Obsah | TAN | TANgs | SP(. | SASPL | T2 individual batches did ot d'lfferrqerl“ S'gt“'f';
hodnoty / kysliku/ | (mg/l) | (mgf) | EBC/ |(miiOmi)| (dny/ canfly In jerms of graviyy, &icono’ conten
Sample / measured | Oxygen EBC un)) days) and oxygen content, which was relatively
values content low, moving in each batch to 0.1 ppm. Al-
(ppm) though the same stabilizer was used in all
beers, tannoid content moved in the range
1 0.03 21.6 4.7 10.0 0.98 3.0 of 27.6 to 47.6 mg/l (based on the TANSAS
2 0.10 19.6 27.6 11.2 1.02 5.8 test) and durability measured by the force
tests varied between 1.8 to 5.8 hot days
3 0.07 ND 29.7 108 1.09 53 (T2). Content of haze-forming proteins was
4 0.03 18.7 32.2 11.7 0.98 3.3 in the range of 10.0 to 11.8 EBC units, the
5 0.05 19.3 31.1 11.8 1.05 3.3 results of the SASPL test moved form 0.90
to 1.09 ml/10ml of the saturated solution of

6 0.05 ND 27.9 11.2 0.83 4.3 ammonium sulphate.
7 0.06 21.2 37.5 12.3 0.83 2.0 Samples exhibited a good correlation be-
8 0.07 2390 38.3 114 0.87 29 tween tannoid content and measured shelf-
life (R? = 0.714). For fitting the dependence,
9 0.04 26.5 47.6 106 0.9 18 power function after Dienstbier was applied
10 0.07 21.0 37.6 11.4 0.9 3.6 (2011). For comparison, the test with the ad-

Tab. 5 Korela¢ni rovnice, hodnoty spolehlivosti a smérodatné odchylky trvanlivosti u jed-
notlivych kombinaci predikénich testl / Table 5 The correlation equation, values of reliability
and standard deviation of shelf-lifetime for each combination of predictive tests

dition of ammonium sulphate was employed
as the simple TAN test did not detect tan-
noids in some samples. Using the equation
obtained from fitting the measured points the
shelf-lifetime can be predicted from tannoid

Kombinace predikénich Korelaéni rovnice / Hodnota spolehlivosti / content with an accuracy of 0.64 of a warm

testii / Combination of Correlation equation Reliability value day. The correlation detected between the

prediction tests contents of sensitive proteins and measured

" " > shelf-lifetime was nearly zero (R% = 0.023),

TANg,s+SP y =7.5-0.7059 1S|:+‘|728.1 R?=0.842 the SASPL test (R2 = 0.3) gave very similar
(TAN)7 results (R2 = 0.3).

TANg,s+SASPL y= R?=0.738 For more accurate predictions a combina-

3.2+3.74*SASPL+1398.7* tion of results of tests TANSAS + SP + and

(TAN)*73 TANSAS SASPL was used (Table 5). For

Jednotlivé Sarze se od sebe pfili§ nelisily ve stupriovitosti, obsahu
alkoholu a obsahu kysliku, jenz byl pomérné nizky a u kazdé Sarze
se pohyboval do 0,1 ppm.

Pfestoze u v8ech piv byla pouzita stejna stabilizace, obsah ta-
noidd se pohyboval v rozmezi 27,6 az 47,6 mg/l (podle testu TAN-
SAS) a trvanlivost naméfena Sokovacimi testy kolisala mezi 1,8 az
5,8 teplymi dny (T2). Obsah zakalotvornych proteinG byl v rozmezi
10,0 az 11,8 j. EBC, vysledky SASPL testu se pohybovaly mezi od
0,90 az 1,09 ml/10ml nasyceného roztoku siranu amonného.

U vzork(l byla nalezena dobra korelace mezi obsahem tanoidl
a namérfenou trvanlivosti (R? = 0,714). Pro prolozeni zavislosti byla
pouzita mocninna funkce podle Dienstbiera (2011). Pro porovnani byl
pouzit test s pfidavkem siranu amonného, protoze prosty TAN test
nebyl schopen u nékterych vzorku tanoidy detekovat. Pomoci rovnice
ziskané z prolozeni naméfenych bodu Ize z obsahu tanoidl predpo-
védét trvanlivost s pfesnosti na 0,64 teplého dne. Mezi obsahem citli-
vych proteini a naméfenou trvanlivosti byla nalezena korelace témér
nulova (R? = 0,023), velmi podobné na tom byl i vysledek testu SASPL
(R*=0,3).

Pro zpfesnéni predpovédi byla pouzita kombinace vysledku testu
TANSAS+SP a TANSAS+SASPL (tab. 5). U obou téchto kombinaci

each of these combinations correlation with
shif-life increased. The best results were
obtained using a combination TANSAS + SP, where the value of
reliability equals to 0.842. Fig. 2 shows the correlation between the
time calculated from the results of titration assays (TANSAS + SP)
using the equations in Table 5 and the measured shelf life (hot days
T2 in Table 4).

4 CONCLUSIONS

Colloidal beer stability depends first of all on the content of haze-
forming precursors (polyphenols, proteins), which together can form
undesirable haze. This can be prevented by selection of suitable raw
materials or elimination of one or both the precursors of haze forma-
tion. Nowadays, for this purpose adsorption stabilizers are usually
used. The aim of this study was to develop and implement into stand-
ard brewing operation a new stabilization procedure.

Titration tests were used for the determination of the colloidal
state of the beer samples (test for the determination of tannoids
after Chapon — TAN test, test for the determination of sensitive
proteins — SP test, precipitation test with ammonium sulphate
— SASPL test), in addition forcing test for the prediction of col-
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se zvysila korelace s trvanlivosti. NejlepSich

vysledkl bylo dosazeno pfi kombinaci TAN- 6.0
SAS+SP, kdy se hodnota spolehlivosti rovna = -
0,842. Obr. 2 ukazuje korelaci mezi dobou £ 2 50 ?t‘
vypoétenou z vysledk titracnich testd (TAN- 55
SAS+SP) pomoci rovnice v tab. 6 a namére- S8 40
nou dobou trvanlivosti (teplé dny T2 v tab. 4. g &
S8 30
- 5 3
4 ZAVER § :T 20 4
£2
Koloidni stabilita piva je zavisla prede- $w 1.0
v§im na obsahu zédkalotvornych prekurzor(i F 1.0

(polyfenoly, bilkoviny), které spolu mohou
tvofit nezadouci zékal. Tomu se da predejit
vybérem vhodnych surovin nebo eliminaci
jednoho ¢&i obou hlavnich prekurzori vzniku
zakalu. K tomuto U€elu se dnes pouzivaji
prevazné adsorpcni stabiliza¢ni prostfedky.
Cilem této prace bylo navrhnout a zavést do bézného pivovarského
provozu novy stabilizaéni postup.

Pro zjisténi koloidniho stavu vzork( piva byly pouzivany titracni testy
(test na stanoveni tanoidl podle Chapona — TAN test, test na stanove-
ni citlivych proteind — SP test, test sraZeni siranem amonnym — SASPL
test), dale byly provadény Sokovaci testy pro pfedpovéd koloidni stabi-
lity. Prvnim ukolem bylo vybrat dva stabiliza¢ni prostfedky, které budou
nejlépe vyhovovat poZzadavkim pivovaru z technologického i ekono-
mického hlediska. Bylo testovano 6 prostfedk(, pfi¢emz z polyfenolo-
vych adsorbent(i dosahoval nejlepsich vysledku jednoznacné Polyclar
10, z kiemicitych gelli byl zejména z ekonomickych ddvodu (niz$i cena
a davkovani) vybran Stabiquick Strong. Po zavedeni téchto stabiliza¢-
nich prostredkd v provoznim méfitku se pfistoupilo u vybranych vzorki
k provadéni titratnich a Sokovacich testl pro predpovéd trvanlivosti.
Bylo testovano vzdy deset Sarzi téhoz typu piva; u piv s nizkym ob-
sahem kysliku byla nalezena dobra korelace mezi obsahem tanoidd
a namérenou trvanlivosti. Pomoci nalezeného korelacniho vztahu je
mozné u téchto piv pfedpovédét trvanlivost s pfesnosti na 1 teply den.
Pfi zapocteni spole¢ného vlivu obsahu tanoidu a citlivych proteinli se
podafilo pfesnost prfedpovédi zlepsit na 0,64 teplého dne. Bylo ovére-
no, ze tanoidy maji u daného druhu piva az nékolikanasobné vétsi viiv
na predpoveéd trvanlivosti nez citlivé proteiny.

P¥i pouziti konstantniho davkovani stabiliza¢nich prostredkl se tr-
vanlivost jednotlivych Sarzi piva od sebe muize vyrazné lisit (viz. tab.
4) zejména v dusledku rozdilného obsahu zakalotvornych prekurzo-
r(i piv pred filtraci. Pro dosazeni standardni Urovné koloidni stability
u v8ech Sarzi je nutné méfit obsah zakalotvornych prekurzor( nefil-
trovanych piv a upravovat davkovani stabiliza¢nich prostfedku.
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Obr. 2 Korelace mezi naméfenou a vypoc¢tenou dobou trvanlivosti / Fig. 2 Correlation be-
tween the measured and calculated shelf-lifetime

loidal stability was conducted. The first task was to select two
stabilizing preparations that would meet the requirements of the
brewery best both from the technological and economic points
of view. Six preparations were tested, of polyphenol adsorbents,
Polyclar 10 clearly achieved the best results, of silica gels, Sta-
biquick Strong was chosen namely for economic reasons (lower
value and dosing). After introduction of these stabilization prepa-
rations in operation, in selected samples titration and forcing tests
for shelf-lifetime prediction were conducted. Always ten batches
of the same type of beer were tested; in beers with low oxygen
content was found good correlation between tannoid content and
measured shelf-life was found. Based on the determined correla-
tion, shelf-life can be predicted in these beers with accuracy to
one hot day. Considering the joint effect of the tannoid content
and sensitive proteins the prediction accuracy was improved to
0.64 hot day. It was verified that tannoids have in the given type
of beer even several times higher effect on the shelf-life prediction
than sensitive proteins.

With the use of the constant dose of stabilization agents the
shelf-lifetime of the individual beer batches can differ significantly
(see Table 4) mainly as a result of different content of haze-forming
precursors of beer before filtration. To achieve the standard level of
colloidal stability in all batches, it is necessary to measure content of
haze-forming precursors of non-filtered beers and to adjust dosage
of the stabilization preparations.
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