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Slaby, M., Stérba, K., Ol$ovska, J., 2018: Filtration of beer — a Review. Kvasny Prum. 64(4): 173-184

This review deals with beer filtration, which is an important part of today’s brewing technology. It describes the historical development
of this separation technique, explains the basic definitions, methods of filtration using different filter materials, and specifies the haze
particles of beer according to their size and physico-chemical properties. In addition to a general overview, it provides a summary of
recent findings on the mechanism of filter fouling by yeast, colloidal particles, and macromolecules such as proteins or carbohydrates.
Particular attention is paid to the influence of beta glucans, whose molecular weight, or their interactions with other beer components are
more important than the total concentration. The review also contains information on ways to improve filtration efficiency, introduces new
filter materials, and compares two of the most used filtration systems pre-coat filtration and membrane filtration in terms of sustainability
and ecology.

Slaby, M., Stérba, K., Ol$ovska, J., 2018: Filtrace piva — review. Kvasny Prum. 64(4): 173-184 .

Prehledovy ¢lanek je vénovan filtraci piva, ktera je v dnesni dobé dllezitou souéasti pivovarské technologie. Clanek popisuje historicky
vyvoj této separacni techniky, vysvétluje zakladni pojmy, zpasoby filtrace pomoci rliznych filtraénich materialt a specifikuje zakalotvorné
Gastice piva podle velikosti a fyzikalné-chemickych vlastnosti. Kromé obecného pfehledu pfinasi souhrnné novodobé poznatky o mecha-
nismu zanaseni filtrd kvasinkami, koloidnimi ¢asticemi, makromolekulami jako jsou proteiny nebo sacharidy. Zvlastni pozornost je véno-
vana vlivu beta-glukanim, u nichz je pfi filtraci podstatnéjsi jejich molekulova hmotnost, pfipadné jejich interakce s dalSimi slozkami piva,
nez celkova koncentrace. Clanek dale obsahuje informace o zplsobech zlepSeni filtrace, pfedstavuje nové filtraéni materialy a z hlediska

udrzitelnosti a ekologie srovnava dva nejvice pouzivané filtracni systémy, a to naplavovaci a membranovou filtraci.

Keywords: beer filtration, kieselguhr filtration, membrane filtration,
filterability

1 INTRODUCTION

Beer filtration is an important step in preparation of beer for trans-
portation and sale. Without filtration, it is almost impossible for most
beers to ensure stability in the order of months. Without filtration, the
shelf life of a lager with the original wort concentration of about 12%
is about one to two months, even with ideal storage, i.e. at low tem-
peratures (up to 5 ° C) and no sunlight.

Filtration of finished beer should remove the haze-forming sub-
stances and produce a clear beer with increased biological and col-
loidal stability. This process must not reduce the foam stability of
beer or lead to dissolution of oxygen, metals or other substances.
The most important parts of the filtration are the porous filter septum
and filter material. The filter material is added to the beer before en-
tering the filter and is then retained on the filter septum to form a fil-
tering layer. For membrane filtration, the filter septum is simultane-
ously filter material.

2 HISTORY OF FILTRATION

Beer filtration has begun to be used since the mid-19th century,
when international trade was needed to ensure its transport at great-
er distances and competitiveness compared to other alcoholic bev-
erages. Originally, simple cloths, wooden shavings or isinglass were
used for filtration (note — the filtration wasn't so efficient as today).
The end of the 19th century witnessed the introduction of the so-
called beaker filter for cotton-based filtration material, which was
widely used in the 50s of the last century and to a small extent is still
used today. After World War I, the so-called pre-coat filtration was
expanded, in which bulk materials, mainly kieselguhr earth and per-
lite, were used. In brewing, these materials were known and used
earlier, but the machinery did not allow their use for main filtration. It
did not change until the second half of the 20th century, when there
was great progress in the field of kieselguhr filtration, together with
the development of filtration equipment, process automation and
cleaning. Currently, kieselgubhr filtration is the most widely used beer
filtration method worldwide.

Subsequently, the technology was developed of the so-called
post-filtration by means of germ removing EK plates, which can
achieve up to several months of stability without the need of pas-
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1 UVOD

Filtrace piva je dulezitym krokem pfi pfipravé piva k transportu
a prodeji. Bez filtrace je téméf nemozné u vétsiny piv zajistit trvanli-
vost v fadu mésicl. Trvanlivost lezakl o koncentraci ptvodni mladi-
ny okolo 12% je bez pouziti filtrace asi jeden az dva mésice, a to i pfi
idealnim skladovani, tedy pfi nizké teploté (do 5 °C) a bez pfistupu
slune¢niho svétla.

Filtraci hotového piva by se z ného mély odstranit kalici latky
za vzniku €irého piva se zvySenou biologickou a koloidni trvanlivos-
ti. Pfi tomto procesu nesmi dochéazet ke snizeni pénivosti piva
soucasti filirace jsou porézni filtraCni prepazka a filtracni materi-
al. Do piva se pred vstupem do filtru pfidava filtrani material, kte-
ry je nasledné zadrzen na filtraéni pfepazce, ¢imz se vytvafi filtrag-
ni vrstva. U membranova filtrace je filtratni pfepazka zaroven
filtraGnim materialem.

2 HISTORIE FILTRACE

Filtrace piva se zacala pouzivat od poloviny 19. stoleti, kdy bylo
zapotiebi s rozvojem mezinarodniho obchodu zajistit jeho transport
na vétsi vzdalenosti a konkurenceschopnost oproti ostatnim alkoho-
lickym napojim. Plvodné se k filtraci, ktera nebyla zdaleka tak G¢in-
na tak jako dnes, pouzivaly jednoduché plachetky, dfevéné hobliny
¢i vyzina, na konci 19. stoleti byl na trh uveden tzv. miskovy filtr na pi-
vovarskou hmotu, kterd se masové pouzivala do 50. let minulého
stoleti a v malé mife se pouziva dodnes. Po druhé svétové vélce se
rozSifila tzv. naplavovaci filtrace, kde se vyuzivaly sypké materialy,
hlavné kiemelina a perlit. V pivovarstvi byly tyto materialy znamy
a vyuzivany jiz dfive, ale strojni vybaveni neumoznovalo jejich pou-
ziti pro hlavni filtraci. To se zménilo az v druhé poloviné 20. stoleti,
kdy doSlo k velkému pokroku v oblasti filtrace pomoci kiemeliny, spo-
le¢né s vyvojem filtratniho zafizeni, automatizaci procesu a ¢isténi.
V souc€asnosti je kfemelinova filtrace nejpouzivangjsi filtraéni meto-
dou piva na svéte.

Nasledné byla vyvinuta technologie, tzv. dofiltrace piva pomoci od-
zarodkovacich EK desek, pomoci které Ize dosahnout v zavislosti
na vstupnim zatiZzeni piva az nékolikamési¢ni stability bez nutnosti
pasterace. V nékterych zemich se Ize také setkat s postupy separa-
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teurization, depending on the input load of the beer. In some coun-
tries, yeast separation procedures can also be found using different
types of centrifuges. This is a useful wasteless technology that is
more energy-intensive and the beer thus prepared has a lower sta-
bility and clarity.

A totally different technology, which has been described in the
1960s, is in brewing increasingly used membrane filtration. Origi-
nally, this technology was used to produce sterile air, later to produce
low-alcohol and non-alcoholic beer. Its advantage is a precisely de-
fined pore size, which makes it possible to specifically remove mol-
ecules of a certain size. At present, it is mainly used for the post-fil-
tration of beer as so-called cold pasteurization (sterile filtration).

In general, membrane filtration of beer in the brewing industry is
on the rise, not only in Western Europe and America, but it is also
used by some Czech breweries. It is an advantageous method not
only from an ecological point of view, as it obviates the treatment of
used kieselguhr, but also in terms of filtration efficiency. Its disadvan-
tage is the high cost of acquiring new equipment and also new mem-
brane elements. One of the variants used in Japan are so-called
~ceramic candles®, which are used for sterile filtration (Basafova et
al., 2010).

3 GENERAL TYPES OF FILTRATION

In general, the types of filtration can be divided by pore size as
follows (see Fig. 7). Each type of filtration is therefore suitable for
filtering particles of different sizes:

+ standard filtration 1.000 — 10.000 nm
« microfiltration 100 — 1.000 nm

« ultrafiltration 10 — 100 nm

+ nanofiltration 1 — 10 nm

* reverse osmosis <1 nm

3.1 Fouling particles

The fouling particles or substances which are separated from the
beer during filtration are generally made up of substances of a dual
nature and based on their size they can be divided into:

1. micro-organisms (yeasts and partially bacteria);

2. haze-forming particles (proteins, polyphenols, condensed poly-
phenols and other substances). The solubility of these substances
decreases with decreasing temperature and they form in the beer
the so-called “chill haze*.

The fouling particles are captured on the filtering material based
on three basic principles. On the sieve principle, the largest particles
are trapped on the surface of the filtration layer and smaller particles
that are trapped in the pores of the filtration layer; the smallest par-
ticles are adsorbed on the inner walls of the pore of the filtration
layer where electrostatic interactions or chemical bonds are also ap-
plied.

Colloidal particles (high molecular weight proteins) are removed
from the beer with much more difficulty, especially due to their size,
which is less than 0.1 um. These particles are partially adsorbed on
the trapped particles on the filtration layer while their larger propor-
tion passes through the filter.

Blocking of the filtration layer is due to fouling particles that block
the pores of the filter material, thereby reducing the filtering surface
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Fig. 1 Types of filtration according to membrane pore size (published
courtesy of Pentair)

ce kvasnic pomoci riznych typu odstfedivek. Jedna se o vyhodnou
bezodpadovou technologii, ktera méa vyssi energetickou naro€nost
a pivo takto pfipravené ma nizsi trvanlivost a Cirost.

Zcela odli$nou technologii, ktera byla popsana jiz v 60. letech mi-
nulého stoleti, je v pivovarstvi stéle vice pouzivana membranova fil-
trace. PUvodné se tato technika v pivovarstvi pouzivala k vyrobé
sterilniho vzduchu, pozdéji k vyrobé nizkoalkoholického a nealkoho-
lického piva. Jeji vyhodou je pfesné vymezena velikost poérd, diky
¢emuz Ize specificky odstrafiovat molekuly o urcité velikosti. V sou-
Casnosti se pouziva zejména pro dofiltraci piva jako tzv. studena
pasterace.

Obecné Ize fici, Ze je membranova filtrace piva v pivovarském pra-
myslu na vzestupu, a to uz nejen v zapadni Evropé a Americe, ale je
vyuzivana i nékterymi ¢eskymi pivovary. Jedna se o vyhodnou meto-
du nejen z hlediska ekologického, nebot odpada zpracovani pouzité
kfemeliny, ale také z hlediska U€innosti filtrace. Jeji nevyhodou je fi-
nancéni naro€nost na pofizeni nového zafizeni a také na nové mem-
branové elementy. Jednou z variant pouzivanou v Japonsku jsou tzv.
skeramickeé svicky*, které se pouzivaji pro sterilni filtraci (Basafova et
al., 2010).

3 TYPY FILTRACE OBECNE

Obecné Ize typy filtrace rozdélit podle velikosti pérd nasledovné
(obr. 1). Kazdy typ filtrace je tedy vhodny pro filtraci ¢astic rizné ve-
likosti:

« standardni filtrace 1000—10000 nm
» mikrofiltrace 100—-1000 nm

« ultrafiltrace 10100 nm

» nanofiltrace 1-10 nm

* reverzni osmb6za <1 nm

3.1 Kalové ¢astice

Kalové ¢astice neboli latky, které jsou z piva pfi filtraci oddélovany,
jsou obecné tvoreny latkami dvojiho charakteru a Ize je podle veli-
kosti rozdélit na:

1. mikroorganismy (kvasinky a ¢aste¢né bakterie);

2. zakalotvorné Castice (bilkoviny, polyfenoly, kondenzované poly-
fenoly a dalSi latky). U téchto latek klesé rozpustnost s klesajici tep-
lotou a tvofi v pivu tzv. ,chladovy zakal“.

Kalové ¢astice se zachycuji na filtratnim materialu na zékladeé tfi
zéakladnich principl. Na principu sita jsou zachycovany nejvétsi ¢as-
tice na povrchu pfepazky, mensi ¢astice se zachycuji v pérech filt-
raéni pfepazky a nejmensi ¢astice, jsou adsorbovany na vnitfni sté-
ny pérd filtraéni prepazky, kde se jiz uplatfiuji elektrostatické
interakce nebo chemické vazby.

Koloidni ¢astice (vysokomolekularni bilkovinné $tépy) se odstra-
fuji z piva mnohem obtizngji, zejména kvdli jejich velikosti, ktera je
mensi nez 0,1 um. Tyto Castice se ¢astecné adsorbuji na zachycené
Castice na filtracni pfepazce, jejich vétsi podil pfepazkou prochazi.

Ucpavani filtraéni vrstvy je zplsobeno kalovymi ¢asticemi, které
zanaseji pory filtratniho materiélu, tim zmen$uji filtraéni plochu
a snizuji pritok. Tento jev je viditelny hlavné u filtraci bez davkovani
filtraéniho materialu tedy u deskové a membranové filtrace. Ovéem
i pfi kfemelinové filtraci ¢i cross flow filtraci (viz dale) dochazi k po-
malému zanaSeni filtrani vrstvy, protoZze drobné kalové Castice

Mikna
filtrace

Obr. 1 Typy filtrace podle velikosti pold membrany (publikovano
s laskavym svoleni firmy Pentair)
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and reducing flow. This phenomenon is mainly visible in filtration per-
formed without dosing of the filtration material, i.e. in plate and mem-
brane filtration. However, even with kieselguhr filtration or crossflow
filtration (see below), the filtration layer is slowly blocked because
small fouling particles penetrate into this layer. The high resistance of
the filter layer is also due to particles of bitter substances that have
not been removed during the fermentation process. A small amount of
yeast which is absorbed by some colloids to form a coarser filter layer
can improve filterability (Masék et al., 1988). The problem of blocking
and fouling of the filter layer is described in more detail below.

4 FILTERS

The most important part of filtration is the porous filter material. The
filter material is applied prior to the filtration of beer on filter septum as
well as to unfiltered beer. The dosed filter material is then retained on
the filter septum, thereby expanding the filter layer.

4.1 Filter material
Filter materials are divided into three basic groups:

1. fibrous (cotton-based filtration material, synthetic fabrics, cellu-
lose);

2. granular and powdered (kieselguhr, perlite, combined material
with cellulose fibers, silica gel, activated carbon);

3. porous (plastic, metal or ceramics membranes).

The physical quantity “Effective Bed Voidage“ (EBV) is used to
define the technologically usable porosity determined for bulk filter
materials. It is expressed as a volume fraction (% vol). The EBV is
used to make correction for the voidage within the filter due to small
pores.

4.1.1 Cotton-based filtration material

Cotton-based filter material is one of the oldest filtre materials and
is currently practically no longer used. It is prepared from defatted
and cleaned cotton waste. The obtained mass is compressed into
cakes having a diameter of 50-55cm and a thickness of 5-6cm.
These cakes are inserted into the filter. The advantage of this mate-
rial is the large volume of beer filtered during one run. The disadvan-
tage is a very laborious regeneration of filter cakes and considerable
loss of beer. Asbestos was added to the cotton-based material for
a sharper filtration,.

4.1.2 Synthetic fabrics
Synthetic fabrics are very similar to the cotton-based material,
their disadvantage is their more demanding disposal.

4.1.3 Kieselguhr

Kieselguhr is the most widely used filter material in brewing. It comes
from freshwater or marine diatoms, which include more than 15,000
species with very different shapes. Probably a change of climate has
resulted in their mass extinction, creating up to 300m thick layers of
silicate frustules from which kieselguhr is being prepared. The largest
sites are in the US in California. (Kahler and Voborsky, 1981). The
mined kieselguhr is modified in the following ways:

1) Calcination, which is used for kieselguhr earths with lower iron
content. The smallest particles of kieselguhr are fused together using
a melting agent (sodium carbonate, sodium chloride) at a high tem-
perature up to 1,200 °C. This significantly increases the flow rate.
Kieselguhr from high-quality deposits does not need to be calcined
at such high temperatures and is only processed at lower tempera-
tures (about 800 °C) along with mechanical adjustments to remove
organic residues.

2) Wet treatment, which is more expensive and time-consuming, is
used for kieselguhr with high iron content. Iron is removed using in-
organic acids, most often hydrochloric acid. This is followed by dry-
ing, calcination and sorting by size. After the treatment, kieselguhr is
checked for iron content and other potentially contaminating ele-
ments (e.g. calcium, aluminum, arsenic).

The kieselguhr is divided according to the particle size to a coarse
fraction used as the base layer to a fine fraction, which is added to
the course kieselguhr to obtain a clear filtrate (see Table 7). The rule
is that the finer the kieselguhr, the lower the permeability of the layer
and the filtration efficiency. On the other hand, the filtration is sharper
and the beer clarity is higher. The advantage of kieselguhr as filter
material is its inertness towards beer and a high porosity; 1g of kie-
selguhr has the porosity of up to 20 m2. The disadvantage of kiesel-

i do této vrstvy pronikaji. Vysoky odpor filtracni vrstvy zplsobuji také
¢astice horkych latek, které nebyly odstranény v priibéhu dokvaso-
vani. Malé mnozstvi kvasinek, které na sebe sorbuji nékteré koloidni
latky za vzniku hrubsi filtraéni vrstvy, mize zlepsit filtrovatelnost (Ma-
séak et al., 1988). Problematika zanaSeni a ucpavani filtracni vrstvy je
popsana podrobnéji dale v textu.

4 FILTRY

raéni material. Filtratni materiél je nanasen pred vlastni filtraci piva
na filtracni pfepazku a zaroven se zrnity filtrani material pfidava
do nefiltrovaného piva. Davkovany filtra¢ni material je nasledné za-
drzen na filtrani pfepazce a tim se rozSituje filtracni vrstva.

4.1 Filtraéni material
Filtracni material se rozdéluje do tfi zakladnich skupin:

1. vlaknity (pivovarska hmota, syntetické tkaniny, celulosa);

2. zrnity a praskovity (kfemelina, perlity, kombinovany materiél s ce-
lulosovymi viakny, silikagel, aktivni uhli);

3. porovity (membrany z plastu, kovu nebo keramiky).

Pro zpfesnéni uréeni technologicky vyuzitelné pérovitosti u syp-
kych filtranich materialG se pouziva fyzikalni veli¢ina ,,a€inny volny
prostor” (EBV), ktery je vyjadiovan jako objemovy zlomek (% obj.).
Pomoci EBV se koriguje nevyuzitelné misto pro filtraci v malych p6-
rech.

4.1.1 Pivovarska hmota

Pivovarska hmota patfi mezi nejstarsi filtracni materialy a v sou-
Casné dobé se jiz prakticky nepouziva. Pfipravuje se z odtu¢nénych
a vycisténych bavinénych odpadu. Ziskana hmota se lisuje do kola-
¢4 o praméru 50-55cm a tloustce 5-6cm. Tyto kolade se vkladaji
do filtru. Vyhodou tohoto materiélu je velky filtracni objem piva Zfiltro-
vany béhem jednoho béhu. Nevyhodou je velmi pracna regenerace
filtraCnich kola€l a znaéné ztraty piva. Pro ostfejsi filtraci se do pivo-
varské hmoty pfidaval azbest.

4.1.2 Syntetické tkaniny
Syntetické tkaniny jsou velice podobné pivovarské hmoté, jejich

4.1.3 Kfemelina

Kfemelina je nejrozsifenéjsSim filtracnim materialem v pivovarnic-
tvi. Pochazi ze sladkovodnich nebo mofskych rozsivek, kterych se
rozliSuje vice nez 15 000 druhl s velmi odliSnymi tvary. Pravdépo-
dobné zménou klimatu do$lo k jejich hromadnému vymirani a vy-
tvofily se az 300 m silné vrstvy kiemicitych schranek, ze kterych se
kfemelina pfipravuje. Nejvétsi nalezisté jsou v USA v Kalifornii.
(Kahler a Voborsky, 1981). Tézena kfemelina se upravuje témito
zplsoby:

1) Kalcinaci, ktera se pouziva pro kiemeliny s nizSim obsahem
Zeleza, kdy se za pomoci tavidla (uhli¢itan sodny, chlorid sodny) pfi
vysoké teploté az 1200 °C nejmensi ¢astice kiemeliny stavi dohro-
mady. Tim se vyrazné zvysi jeji pritonost. Kfemelinu z kvalitnich
loZisek neni potfeba kalcinovat pfi takto vysokych teplotach, upravu-
je se pouze pfi teplotach nizsich (asi 800 °C) spolu s mechanickymi
Upravami pro odstranéni organickych zbytkd.
se pouziva pro kfemeliny s vysokym obsahem Zeleza. To je od-
straflovano anorganickymi kyselinami, nej¢astéji kyselinou chlo-
rovodikovou. Poté nésleduje suSeni, kalcinace a tfidéni podle
velikosti.

Po Upravé je kfemelina kontrolovana na obsah Zeleza a dalSich
pfipadnych kontaminujicich prvkd (napf. vapnik, hlinik, arsen). Opa-
kované je pfed pouzitim do piva kontrolovana na obsah zZeleza.

Kfemelinu délime podle velikosti ¢astic na hrubou, pouzivanou
jako zékladni naplavovaci vrstvu az po jemnou, kterou pfidavame
k hrubym kfemelinam pro ziskani Cirého filtratu (tab. 7). Plati zde
zavislost, Ze ¢im je kfemelina jemné;jsi, tim se snizuje prostupnost
vrstvy a klesa filtraéni vykon, naopak filtrace je ostfejsi a pivo jiskr-
néjsi.

Vyhodou kifemeliny jako filtraéniho materialu je jeji inertnost vici
pivu a vysoka porozita; 1g kiemeliny ma porozitu az 20 m2. Nevyho-
dou kfemeliny je jeji jednorazové pouziti, které se projevi v nakla-
dech na likvidaci a v zatézi na zivotni prostfedi, jak bude diskutovano
déale v textu.
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guhr is its one-time use, which is reflected in the cost of its disposal
and the environmental burden. This will be discussed later in the text.

Table 1 Current flow rates of kieselguhr

Kieselguhr Flow rate I"min""*m
Coarse +450

Average 100 — 300

Fine -50

4.1.4 Perlite

Perlite is a product made of silicates of volcanic origin with a cer-
tain proportion of bound water or volcanic glass. After grinding and
sorting, it is heated rapidly to about 850 °C. The water contained in it
is released during the heat treatment and the perlite increases in
volume up to 30 times and turns into a product with a porous struc-
ture. Itis then ground and sorted by particle size. It is mainly used for
filtering sweet worts and worts because iron and calcium can be re-
leased at low pH. Perlite is also used as a base for filtering beer in-
stead of coarse kieselguhr or a mixture thereof.

The advantage of perlite is higher flow rate and permeability rela-
tive to kieselguhr, disadvantages are lower filtering capacity than that
of kieselguhr, iron and calcium release and lower filtration sharp-
ness. (The degree of filtration sharpness is determined by the size of
the filtration layer, the pores of the filtration layer, and the amount
and properties of the fouling particles) (Basarova et al., 2010).

4.1.5 Activated carbon

Activated carbon is a highly porous carbon in the form of graphite
plates with large surface (500-1200 m?/g). Depending on its modifi-
cation it is commonly used in water purification to capture a number
of organic and inorganic pollutants. In brewing, it can be used to re-
duce the content of polyphenols, nitrogen compounds, color sub-
stances, bitter substances and harsh taste substances., A decrease
in the content of substances produced by lipid oxidation was ob-
served during its use in wort filtration (Bhatnagar et al., 2013; Yano
et al., 2008).

4.2 Filter septa
Filter septa are very heterogeneously designed due to differences
in the design of filters and filter materials used. They are used for all
types of filtration and serve as a base structure for the application of
powder and fibrous filter materials. The exception is membrane filtra-
tion. For membranes, the septum is also a filter material. Filter sep-
tum materials can be divided as follows:
1. sieves or filter candles (stainless steel or slotted wire mesh);
2. filter sheets (metal, polypropylene or textile fibers);
3. filtration plates (cellulose, cotton, kieselguhr, perlites, glass fibers);
4. membranes (polyethylene, polyacrylate, polyurethane, polyamide,
polyethersulfone PES).

4.2.1 Sieves or filter candles

Sieves or filter candles are assembled by winding a profiled wire or
by assembling fine discs with surface patterns on a stainless steel
support base. Filtering slots are formed in this way.

4.2.2 Filter sheets

Filter sheets are made of stainless steel, polypropylene or fabric.
Stainless steel sheets are used for the filtration of wort and beer,
textile sheets are used for sweet wort. Polypropylene sheets are suit-
able for all three matrices.

4.2.3 Filter plates

Filter plates are made of cellulose, cotton or other materials and
may contain a kieselguhr. They have either the function of a support-
ing structure, most often for kieselguhr, or the filter material itself.
The support plates serve similarly to filter candles as a basis for
forming a filter layer. Their pores are an order of magnitude larger
than the fouling particles. Plates used directly for filtration are most
commonly made from cellulose with the addition of kieselguhr.
Sometimes, stabilizers are also added. The filter plates have a de-
fined mean pore diameter that ranges from 15 to 0.2 um.

4.2.4 Membranes

The membranes used for beer filtration consist mainly of plastic
materials such as polyethersulfone, nylon and polypropylene with
a pore size of 10 to 0.2 um. Due to their physical properties, they

Tab.1 BéZné hodnoty pruto¢nosti kfemelin

Kfemelina Pritocnost I"min"*m
Hruba +450
Stiedni 100 — 300
Jemné -50
4.1.4 Perlit

Perlit je produkt vyrobeny z kiemicitand vulkanického ptvodu s urci-
tym podilem vazané vody neboli vulkanického skla. Po rozemleti a ffi-
déni se prudce zahieje na cca 850 °C. ObsaZena voda se pii tepelné
Upravé uvolfiuje a perlit zvétSuje objem az 30krat a zméni se na produkt
s porovitou strukturou. Poté se rozemele a tfidi podle velikosti ¢astic.
Pouziva se pfevazné na filtraci sladin a mladin, protoze pfi nizkém pH
mUze uvoliiovat Zelezo a vapnik. Perlit se také pouziva jako zakladni
naplav pro filtraci piva misto hrubé kfemeliny nebo ve smési s ni.

Vyhodou perlitu je vy$Si prito¢nost a prostupnost, nez ma kieme-
lina, nevyhodami jsou nizsi filtratni schopnost oproti kifemeliné, uvol-
fovani zeleza a vapniku a nizsi ostrost filtrace, nez vykazuje kieme-
lina. (Mira ostrosti filtrace je dana velikosti filtrani vrstvy porG
filtracni vrstvy, mnozstvim a vlastnostmi kalicich ¢astecek) (Basaro-
va et al., 2010).

4.1.5 Aktivni uhli

Aktivni uhli je vysoce porézni uhlik ve formé grafitovych desti¢ek
s velkym povrchem (500 — 1200 m?/g). Bézné se pouziva pfi Cisténi
vody k zachytu fady organickych i anorganickych polutantt v zavis-
losti na jeho modifikaci. V pivovarstvi jej Ize pouzit ke snizeni obsahu
polyfenold, dusikatych slou¢enin, barvy, horkych latek a latek zplso-
bujicich drsnou chut. P¥i jeho pouziti pfi filtraci mladiny byl pozoro-
van pokles obsahu latek vznikajicich oxidaci lipidd (Bhatnagar et al.,
2013; Yano et al., 2008).

4.2 Filtraéni pfepazky
Filtrani pfepazky jsou konstruovany velmi riznorodé vzhledem
k rozliSnosti v konstrukci filtrG a pouzitych filtraénich materiald. Filt-
raéni prepazky se pouzivaji u véech typu filtrace. Slouzi jako podkla-
dova konstrukce pro nanaseni zrnitych a vlaknitych filtra¢nich mate-
riald. Vyjimkou je membranova filtrace. U membran je pfepazka
zaroven filtraéni material. Materialy filtracnich pfepazek Ize rozdélit
nasledovné:
1. sita nebo filtraCni sviCky (nerezovy drat nebo Stérbinova sita
z profilovaného dréatu);
2. plachetky (kovova, polypropylenova nebo textilni viakna);
3. filtracni desky (celul6za, bavina, kfemelina, perlity, sklenéna vlak-
na);
4. membrany (polyethylen, polyakrylat, polyuretan, polyamid, poly-
ethersulfon PES).

4.2.1 Sita nebo filtracni svicky

Sita nebo filtraéni sviCky jsou sestaveny navinutim profilovaného
dratu nebo sestavenim jemnych kotou¢kd s prolisy na nosném za-
kladu z nerezavéjici oceli. Timto zplsobem jsou vytvofeny filtragni
Stérbiny.

4.2.2 Plachetky

Plachetky jsou vyrobeny z nerezové oceli, polypropylenu ¢i texti-
lie. Pro filtraci mladiny a piva jsou pouzivany plachetky nerezové, pro
sladinu plachetky textilni. Polypropylenové plachetky jsou vhodné
pro v8echny tfi matrice.

4.2.3 Filtracni desky

Filtrani desky jsou vyrobeny z celulosy, baviny anebo dal§ich ma-
teriald a mohou obsahovat pfimés celulosy. Tyto desky maji bud
funkci nosné konstrukce, nejCastéji pro kfemelinu, nebo vlastniho
filtraCniho materialu. Nosné desky slouzi podobné jako filtracni svic-
ky jako zéklad pro vytvoreni filtraéni vrstvy. Jejich poéry jsou fadové
vetsi nez kaloveé Castice. Desky slouzici pfimo k filtraci jsou nejcas-
téji vyrobeny pfevazné z celulézy s pfidavkem kfemeliny. Nékdy jsou
pridavany i stabilizacni prostfedky. Filtraéni desky maji definovany
stfedni pramér pord, ktery se pohybuje od 15 do 0,2 um.

4.2.4 Membrany

Membrany pouzivané pro filtraci piva jsou tvofeny zejména plasto-
vymi materialy jako polyethersulfon, nylon a polypropylen s velikosti
porl od 10 do 0,2 ym. Diky svym fyzikalnim vlastnostem zachycuji
pivo kazici mikrobialni organismy a zaroveri nemeéni charakter piva.
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capture the beer spoilage microorganisms, while not changing the
character of beer.

4.3 The most common types of filtration

4.3.1 Pre-coat kieselgubhr filtration

The most important step of the pre-coat kieselguhr filtration is the
correct combination of kieselguhr with different particle size for the
pre-coat. The first pre-coat is a layer of kieselguhr applied on the fil-
ter elements before the start of the filtration itself and is usually com-
posed of two layers:

1. a mixture of coarse and possibly fine kieselguhr forming a sup-
port layer of kieselguhr

2. a mixture of the same composition as the kieselguhr dosed dur-
ing filtration, with a higher percentage of fine/medium kieselguhr

A mixture of kieselguhr for pre-coat and beer dosing is prepared
either by mixing with degassed water or in a pressurized vessel with
beer to avoid carbon dioxide loss. The aim is to apply a compact
layer of 1-4 mm thick kieselguhr to the filter septum. During the filtra-
tion, kieselguhr is added to the unfiltered beer in the amount of 50 —
120 g/hL in the form of a solution as during the second pre-coat.

Depending on the type of fixed support, the pre-coat filters are di-
vided into three basic types:

1. Plate filter. Plate filters, which have been used worldwide since
the 1950s, are now being replaced by newer technologies and can
be found only exceptionally, more often in post-Soviet republics. The
first industrially manufactured kieselguhr filters were formed by nylon
filter septa or a FILTRODUR®, which is still used today. Influx frames
have been added between the filtering frames to provide a space for
sediment the kieselguhr. The flow of filtered beer could be varied by
the number of frames inserted. Kieselguhr consumption is 50-80 g/
hL (Juillerat, 1952). The advantage of plate filters is their versatility
for a wide range of applications. The regular filter area is up to 300 m?
depending on the number of frames. The disadvantage of this filter
technology is higher losses of beer and more waste. (Moll, 1994).

2. Sieve filter. The filter and carrier support of a sieve filter are
made of a metal sieve with a perforated metal foil or plate. The filter
can be both horizontal and vertical. The pore size of the sieve ranges
from 40 to 120 um, with an average of 80 um. The filters are de-
signed to a pressure up to 1 MPa and the thickness of the filter cake
is 1.5-3cm, which corresponds to 500-1000 g/m2.

Vertical filters are mainly used for pre-filtration of beer and their
advantage is long service life, but they are used less and less. On
the other hand, horizontal filters are increasingly used along with
candle filters, as they have a number of advantages over vertical fil-
ters. These are especially a small extract loss in pre-runs due to the
emptying of the pre-coated filter by CO,, as well as the avoidance of
aeration of beer, changes in pH and temperature. This method of fil-
tration is also often used to stabilize beer. Removal of kieselguhr or
stabilizer from the filter during the cleaning is accomplished by rota-
tion of the filter cells by means of centrifugal force.

3. The candle filter is currently the most used filter type (Fig. 2).
Candle filters work in a similar way to sieve filters. The main differ-
ence is the shape of the filter element, which is a porous material in
the form of a hollow cylinder (candle) closed at one end. The brewer-
ies use a perforated pipe construction 1 to 2m long, which corre-
sponds to the filtering surfaces of 0.13 to 1.30 m? (Moll, 1994), on
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Fig. 2 Scheme of a candle filter and cross-secton of candle filter (Mi-
kulec, 2016)

4.3 Nejbéznéjsi typy filtraci

4.3.1 Naplavovaci kfemelinova filtrace

na kombinace kfemelin s rdznou prdto¢nosti pro zakladni naplav.
Zéakladni naplav je vrstva kfemeliny nanesené na filtrani elementy
pred zacatkem vlastni filtrace a je obvykle slozen ze dvou vrstev:

1. smés hrubé a pfipadné jemné kfemeliny — tvofi nosnou vrstvu
kfemeliny;

2. smés o stejném slozeni jakou ma kiemelina davkovana béhem
filtrace — vy3Si podil jemné/stfedni kfemeliny.

Smés kfemelin pro naplav i davkovani do piva se pfipravuje
bud smichanim s odplyné&nou vodou, nebo v tlakové nadobé s pivem,
aby nedoslo ke ztraté oxidu uhli¢itého. Cilem je na filtraéni prepazku
nanést kompaktini vrstvu kiemeliny o tloustce 1—4 mm. V prabéhu fil-
trace je do nefiltrovaného piva pfidavana kiemelina, v mnozstvi 50—
120 g/hl, ve formé roztoku stejné jako pfi naplavovani.

Podle typu pevné prepazky se naplavovaci filtry rozdéluji na tfi
z&kladni typy:

1. Deskovy filtr. Deskové filtry, které byly celosvétové pouzivany
od 50. let, jiz ustupuji do pozadi nové&jSim technologiim a Ize je na-
|ézt uZ jen vyjimec€né, vice jeSté v postsovétskych republikach. Prvni
pramyslové vyrabéné provozni kfemelinové filtry byly tvofeny filtrac-
nimi pfepazkami z nylonové tkaniny nebo FILTRODUR?®, ktery se
pouziva dodnes. Do filtru byly zafazeny mezi nosné prepazky pfito-
kové ramy, ¢imz se ziskal prostor pro naplaveni kiemeliny. Pritok
filtrovaného piva bylo mozno ménit poétem viozenych rama. Spotre-
ba kfemeliny je 50-80 g/hl (Juillerat, 1952). Vyhodou deskovych fil-
trd je jejich univerzalnost pro Siroké spektrum pouziti. B&Zna filtracni
plocha je podle po¢tu ramd az 300 m2. Nevyhodou této filtracni tech-
nologie jsou vys$si ztraty a vice odpadl (Moll, 1994).

2. Sitovy filtr. Filtracni a nosnou pfepazku sitového filtru tvofi ko-
vové sito s perforovanou kovovou félii ¢i deskou. Filtr mGze byt jak
horizontalni, tak vertikalni. Velikost péru sita se pohybuje v rozmezi
40 az 120 ym, v priméru 80 um. Filtry jsou konstruovény na tlak az
1 MPa a tloustka filtracniho kolace je 1,5-3 cm, coz odpovida napla-
vu 500 az 1000 g/m2.

Vertikalni filtry se pouzivaji zejména na predfiltraci piva a jejich
vyhodou je dlouha doba provozu, jsou vSak pouzivany stale méné.
Naopak filtry horizontalni jsou spolu se svi€kovymi filtry pouzivané
stale ¢astéji, nebot maji v porovnani s vertikalnimi filtry fadu pred-
nosti. Je to zejména mensi ztrata extraktu v protlackach z divodu
vytlaGovani naplavu pomoci CO,, dale pak zamezeni provzdusnéni
piva, zmeén pH a teploty. Tento zpUsob filtrace je Casto vyuzivan také
pfi stabilizaci piva. Odstranéni kfemeliny nebo stabilizacnich pro-
stfedkd z filtru v prabéhu ¢isténi se provadi rotaci filtranich ¢lank
pomoci odstfedivé sily.

3. Svickovy filtr je v sou¢asnosti nejpouzivanéjsim typem filtru
(obr. 2). Svickové filtry pracuji obdobnym zplisobem jako sitové filtry.
Hlavnim rozdilem je tvar filtracniho elementu, kterym je zde porézni
material ve tvaru dutého valce (svicky) uzavieného na jednom konci.
V pivovarech se vyuzivéa konstrukce perforované trubky 1 az 2m dlou-
hé, tomu odpovidaji i filtrani plochy, které jsou od 0,13 do 1,30 m?
(Moll, 1994), na které je navinuty profilovy lichobé&znikovy drat nebo
nasazeny dratové krouzky o priméru dratu cca 0,8mm a priméru
krouzku cca 25 mm. Vznikd mezi nimi Stérbina pfesné stanovenych
rozmérd pohybujici se kolem 50 um. Na rozdil od deskové a sitové
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Obr. 2 Schéma svickového filtru a fez filtraéni svickou (Mikulec,
2016)
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Fig. 3 Diagram of first and second pre-coat on the filter candle (Mi-
kulec, 2016)

which a profiled trapezoidal wire is wound, or wire rings are placed
on it with a wire diameter of approx. 0.8 mm and ring diameter ap-
prox. 25 mm. A gap of precisely defined dimensions of about 50 um
is formed between them. Unlike plate and sieve filtration, where the
filtration surface remains constant during the process, the candle
thickness and the filtration surface of candle filters increases with
progressive coating (Fig. 3). The design of the filters is such that the
candles open into a separate space for the filtered beer, or the indi-
vidual candles are connected to a pipeline system where the filtered
beer is collected (Basafova et al., 2010).

4.3.2 Membrane filtration

Filtration using membrane filters is currently state-of-the-art tech-
nology for a number of brewery technological steps, the most impor-
tant being water treatment, sterile filtration or beer dealcoholization
using microfiltration, ultrafiltration, reverse osmosis, pervaporation
and gas separation (Ambrosi, 2014 ).

Filtration membrane modules are constructed in many ways and
there is also a variety of materials from which they are made. The
least-used ceramic filter modules, used primarily in Japan, provide
a high level of beer sterility but are very sensitive to pressure shocks
(Moll, 1994).

The most widely used are candles with a plastic support on a cy-
lindrical construction, which are made of various materials such as
polypropylene, PES, nylon and others. Their most common use is
sterile filtration of beer replacing pasteurization. In breweries, we can
also encounter so-called ,trap“ filters, which are mostly large-area
candles. Their function is to pick up the remaining particles after kie-
selguhr or stabilization filtration.

Depending on the flow mode of filtered beer by the membrane, we
distinguish two types of filtration, namely ,dead-end” filter modules

Membrane 4
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Fig. 4 Scheme of the ,dead-end" filtering principle (Bilek, 2016, pu-
blished courtesy Bilek Filtry, s.r.0.)
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Obr. 3 Schéma 1. a 2. naplavu na filtraéni svi¢ce (Mikulec, 2016)

filtrace, kde zlstava filtraéni plocha béhem procesu konstantni,
u svickovych filtrd s postupujicim naplavovanim roste tloustka svi-
¢ek, a tim i filtracni plocha (obr. 3). Konstrukce filtr(l je feSena tak, ze
svicky Usti do oddéleného prostoru pro filtrované pivo nebo jsou jed-
notlivé svi€ky napojeny na soustavu potrubi, kudy je filtrované pivo
odvadéno (Basarova et al., 2010).

4.3.2 Membranova filtrace

Filtrace pomoci membranovych filtrd je v sou¢asnosti nejmoder-
néjsi technologii, ktera je uréena pro fadu technologickych kroku
v pivovarstvi, z nichz nejdllezitéjsi jsou Gprava vody, sterilni filtrace
nebo dealkoholizace piva, za pouziti mikrofiltrace, ultrafiltrace, re-
verzni osmozy, pervaporace a separace plynt (Ambrosi et al., 2014).

Filtraéni membranové moduly jsou konstruovany mnoha zpUsoby,
stejné tak existuje fada materiald, z kterych jsou vyrdbény. Nejméné
pouzivané jsou jiz vySe uvedené keramické filtracni moduly, pouzi-
vané zejména v Japonsku, které zajidtuji vysokou uroven sterility
piva, ale jsou velmi citlivé na tlakové razy (Moll, 1994).

Nejvice pouzivané jsou svi€ky s plastovou pfepazkou na valcové
konstrukci, které se vyrabéji z riznych materiald, jako polypropylen,
PES, nylon a dal$i. Jejich nej¢astéjsi pouziti je na sterilni filtraci piva
nahrazujici pasteraci. V pivovarech se mizeme také setkat s takzva-
nymi zajistovacimi (trap) filtry, coZ jsou vétSinou velkopovrchové
svicky, jejichz funkci je vychytavat zbylé Eéastice po kfemelinové
nebo stabiliza¢ni filtraci.

Podle zpisobu pratoku filtrovaného piva membranou rozliSujeme
dva typy filtraci, a to ,dead-end" filtratni moduly tvofené prevazné
sviCkami se skladanym filtrem (obr. 4) a typ ,cross flow" filtry, které
jsou konstruovany z dutych vléaken (obr. 5, 6). P¥i filtraci ,dead-end”
prochazi pivo membranou a ¢astice vétsi, nez je velikost péru mem-
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Obr. 4 Znazornéni principu ,dead-end” filtrace (Bilek, 2016, publiko-
vano se svolenim fy Bilek Filtry, s.r.0.)
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Fig. 5 Functional scheme of the principle of ,cross-flow* filtration (Bi-
lek, 2016, published courtesy Bilek Filtry, s.r.o.)

consisting mainly of candles with a pleated filter (Fig. 4) and “cross-
flow” filters constructed from hollow fibers (Fig. 5 and 6). In a ,dead-
end* filtration the beer passes through the membrane, and particles
larger than the size of the membrane pore are trapped on its surface
to form a filter cake on the surface of the membrane. This gradually
reduces the filtering efficiency, which can be increased again after
membrane regeneration. Cross-flow filtration works in two modes,
batch and continuous. In the batch mode, the entire batch is circu-
lated through the membrane, the filtrate is collected and the input
substrate is concentrated in the storage tank. In a continuous ar-
rangement, the same amount of solution is maintained in the circula-
tion tank by replenishing the unfiltered product.

4.3.3 Plate filters for post-filtration

As mentioned above, due to the low flow rate plate filters are inap-
propriate for the main filtration and are being abandoned for this pur-
pose. However, they are used for the post-filtration of beer using the
so-called EK plates (from the German word Entkeimung) or prefiltra-
tion. The standard dimensions of the plates are 60 x 60 to 100 x
100cm, with a filtering power of 120 hL/h corresponding to about 240
plates (Briggs et al., 2004).

5 FILTRATION CHECKS

During filtration and after it has been completed, it is necessary to
check the efficiency and quality of this process. Therefore, both op-
eration and laboratory testing of the filtered beer are carried out. The
most important operating controls include the monitoring of filtered
volumes, filtration times, pressure differences (transmembrane pres-
sure), consumption of filter media, and checking the turbidity of fil-
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Fig. 6 Flow diagram of the ,cross-flow" filter (Bilek, 2016, published
courtesy Bilek Filtry, s.r.0.)
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Obr. 5 Znazornéni principu ,cross flow“ filtrace (Bilek, 2016, publiko-
vano se svolenim fy Bilek Filtry, s.r.o.)

brany, jsou zachyceny na jejim povrchu, ¢imz tvofi filtracni kolac
na povrchu membrany. Tim se postupné snizuje filtraéni vykon, ktery
Ize opét zvysit regeneraci membrany. ,Cross flow* filtrace pracuje
ve dvou rezimech, vsadkovém a kontinualnim. Ve vsadkovém je cela
vsadka cirkulovana pfes membranu a je odebiran filtrat a v zasob-
nim tanku se zahustuje vstupni substrat. V kontinualnim uspofadani
je udrzovano stale stejné mnozstvi roztoku v cirkulaénim tanku dopl-
fovanim nezahusténého produktu.

4.3.3 Deskové filtry pro dofiltraci

Jak jiz bylo uvedeno vySe, deskové filtry jsou vzhledem k malé
prato€nosti pro hlavni filtraci nevhodné a od jejich pouziti se v tomto
sméru opousti. Pouzivaji se vSak pro dofiltraci piva s pouzitim tzv.
EK desek (z némeckého slova Entkeimung znamenajiciho odzarod-
kovaci) nebo pro predfiltraci. BéZné rozméry desek jsou 60 x 60 az
100 x 100cm, filtraénimu vykonu 120 hi/h odpovida asi 240 desek
(Briggs et al., 2004).

5 KONTROLA FILTRACE

Béhem filtrace a po jejim skoncéeni je nutné provadét kontrolu
ucinnosti a spravnosti tohoto procesu. Proto se provadi jak provozni,
nim kontrolam patfi sledovani filtrovanych objem, doby filtrace, tla-
kové diference (pfed a za membranou), spotfeby filtraénich pro-
stiedkd, kontrola zakall Zfiltrovaného a také nefiltrovaného piva.
V laboratofich se provadi zkouska zakalu (srovnavaci zkouska zajis-
tujici kontrolu provoznich ¢idel), dale se stanovuje obsah kysliku
a hodnota pH. Zjistuje se také vliv filtrace na zménu barvy piva, ex-
traktu a provadi se také mikrobiologicka kontrola.
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Obr. 6 Funkéni schéma ,cross flow* filirace (Bilek, 2016, publikovano
se svolenim fy Bilek Filtry, s.r.0.)
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tered and unfiltered beer. In the laboratories, a turbidity test is per-
formed (comparative test to control in-line sensors), oxygen content
and pH are determined. The influence of filtration on the color and
the extract of beer is investigated and the microbiological control is
also performed.

6 SUMMARY OF MODERN STUDIES

The fact that filtration is still a very topical subject is supported by
a large number of modern technical studies. In them, the authors try
to explain the causes of lower efficiency of filtration and propose
new, better technologies.

6.1 Fouling mechanisms

In order to create an ideal filtering technology, it is necessary to
know not only the causes but also the mechanisms of filter fouling.
This issue is addressed by a number of researches. Kuiper et al.
monitored the blocking of the membrane during beer filtration using
a microscope. They found that the main cause was microparticles,
probably precipitated proteins that formed clumps on the surface of
the membrane, thus limiting the flow. These clusters can be elimi-
nated by short-term strong flow increases in the cross-flow system.
However, under these clusters a blocking layer is formed which can-
not be removed in this way (Kuiper et al., 2002).

Benitez et al. tried to formulate a model to predict the concentra-
tion of colloidal particles in Pilsen-type beer before filtration. Using
SEM (scanning electron microscopy) and image analysis, the distri-
bution of colloidal particles in beer was derived. Colloidal particles
are mainly composed of polysaccharides (96.89%), proteins (2%),
polyphenols (less than 0.3%) and very low yeast concentrations
(<0.25%). Due to the different particle types in the sample, the parti-
cle size distribution was divided into 4 main zones in the multimodal
histogram, which were identified as follows: (1) very small individual
particles (0.06 um), (2) yeast (3 um), 3) colloidal aggregates (17
pum), and (4) particles with a large size distribution (two maxima of
101 and 200 um). The particle size and their amount correlated well
with digital image analysis and haze. The aggregate dimension (Df>
2.4) found is typical for agglomerates formed by rapid flocculation or
by diffusion-limited aggregated (Benitez, et al. 2013).

The extensive review by Iritani and Katagiri summarized the laws
of filtration blocking mechanisms and focused particularly on micro-
filtration and ultrafiltration membrane modules. These laws include
both pore blocking of filter materials and the formation of ,sludge“
cakes. The authors furthermore address the behavior of Newtonian
and non-Newtonian liquids under constant pressure and filtering
speeds. The laws governing blocking mechanisms in filtering can
easily be used to identify the predominant fouling mechanism from
experimental flow drop data at constant filtration pressure or pres-
sure increase at constant filtration flow (Iritani and Katagiri, 2016).

The review by Sman et al. summarized hypotheses about the
membrane fouling mechanism during beer filtration through mem-
brane cross-flow filters. This work characterized 3 types of substanc-
es causing beer turbidity: yeast (5 um), colloids (i.e. colloidal parti-
cles, 0.5 — 2.0 ym) and macromolecules (ie proteins and
carbohydrates, < 0.4 um). Each of these substances has a different
membrane fouling mechanism and, of course, the mechanism and
rate of fouling strongly depends on its properties. The following hy-
potheses based on these data have been proposed:

1. Blocking of membranes during filtration is caused by yeast cells,
protein-polyphenolic aggregates and macromolecules (proteins,
polysaccharides and polyphenols).

2. Yeast cells have a larger size than the nominal pore size on the
surface of the membrane and are therefore retained on the mem-
brane and form a layer on the membrane which is relatively easy to
remove by the backflush.

3. The angle of rotation of the macromolecules is smaller than the
pore size in the selective layer and therefore the macromolecules
can penetrate into the membrane. When they pass through the
membrane, they can potentially adsorb onto the surface to form
a gel, which can lead to a reduction in the size of the pores, but not
to completely close them. This is due to the nature of the porous gel
layer. This type of fouling is irreversible and can only be removed by
chemical cleaning.

4. The protein-polyphenolic aggregates cannot pass through the
selective layer and remain on its surface. The aggregates may also
be entrapped inside the yeast cake or gel layer of adsorbed macro-
molecules. They are believed to form complexes with adsorbed mac-

6 SOUHRN NOVODOBYCH STUDII

O tom, ze je filtrace stale velmi aktualni téma, svéd¢i velka fada
novodobych odbornych studii. V nich se autofi snazi vysvétlit pfi¢iny
nizsi efektivity filtrace a navrhuji nové, lepsi technologie.

6.1 Mechanismy zanaseni filtr

K vytvofeni ideélni filtraéni technologie je nutno znat nejen pficiny,
ale také mechanismus zané$eni filtraénich materiald. Této proble-
matice se vénuje fada vyzkumu. Kuiper a kol. sledovali ucpavani
membrany béhem filtrace piva pomoci mikroskopu. Zjistili, ze hlavni
pficinou jsou mikro¢astice, pravdépodobné vysrazené proteiny, kte-
ré tvorily shluky na povrchu membrany, a tak omezovaly pritok. Tyto
shluky Ize odstranit kratkodobym silnym navy$enim pratoku v systé-
mu cross-flow. Nicméné pod témito shluky dochazi ke tvorbé vrstvy
ucpavajici poéry, kterou jiz timto zplsobem nelze odstranit (Kuiper et
al., 2002).

Benitez a kol. se pokusili formulovat model pro predikci koncentra-
ce koloidnich ¢astic v pivu plzeriského typu pfed filtraci. Pomoci me-
tody SEM (scanning electron microscopy) a analyzy obrazu odvodili
distribuci koloidnich €astic v pivu; koloidni ¢astice jsou tvofeny pre-
vazné z polysacharidd (96,89 %), bilkovin (2 %), polyfenold (méné
nez 0,3%) a velmi nizké koncentrace kvasinek (<0,25%). Vzhledem
k rlznym typdm ¢astic ve vzorku doslo v multimodalnim histogramu
k rozdéleni podle velikosti ¢astic do 4 hlavnich zén, které byly identi-
fikovany nasledovné: (1) velmi malé individualni ¢astice (0,06 pm),
(2) kvasinky (3 um), (3) koloidni agregaty (17 um), a (4) Castice s vy-
sokym rozptylem velikosti (dvé maxima 101 a 200 um). Velikost ¢as-
tic a jejich mnozstvi dobre korelovaly s digitalni analyzou obrazu
a zakalem. Zjistény rozmér agregatd (Df>2,4) je typicky pro agregaty
tvofené rychlou flokulaci nebo difuzi limitovanou agregaci (Benitez,
2013).

Obsahlé review autord Iritani a Katagiri shrnuje zakony blokaénich
mechanismul filtrace a zaméfuje se zejména na mikrofiltracni a ultra-
filtraéni membranové moduly. Tyto z&kony zahrnuji jak zan&Seni
poéra filtratnich materiald, tak tvorbu ,kalovych® kolac¢d. Autofi se
déle ve své préaci vénuji chovani newtonskych a ne-newtonskych ka-
palin za podminek stalého tlaku a filtracni rychlosti. Zakony blokac-
nich mechanismd pfi filtraci Ize snadno pouzit pro identifikaci preva-
zujiciho mechanismu zanaSeni z experimentalnich dat poklesu
pratoku za konstantniho tlaku filtrace nebo narlstu tlaku za kon-
stantniho pratoku filtrace (Iritani a Katagiri, 2016).

Prehledovy ¢lanek autorll autorli Van der Sman et al. (2012) shr-
nuje hypotézy o mechanismu zanaSeni membran béhem filtrace
piva pfes membranové cross flow filtry. Tato prace charakterizuje 3
typy latek podilejici se na zakalu piva, a to kvasinky (5 um), koloidy
(tj. koloidni ¢astice, 0,5 — 2,0 um) a makromolekuly (tj. proteiny, sa-
charidy, < 0,4 um). Kazda z téchto latek ma jiny mechanismus zana-
S§eni membrany a samoziejmé mechanismus a rychlost zanaseni
silné zavisi na jejich vlastnostech. Z téchto faktll vychazi hypotézy
autord:

1. ZanaSeni membran pfi filtraci piva zpUsobuji kvasniéné buriky,
bilkovinno-polyfenolické agregaty a makromolekuly (proteiny, poly-
sacharidy a polyfenoly).

2. Kvasni¢né buriky maji vétsi velikost, nez je nominalni velikost
pérd na povrchu membrany, a proto jsou na membrané zadrzovany
a tvofi na ni vrstvu, ktera je vS8ak pomoci zpétného toku pomérné
jednoduse odstranitelna.

3. Uhel rotace makromolekul je mensi neZ velikost port v selektiv-
ni vrstvé, a proto mohou makromolekuly pronikat do membrany. Pfi
prichodu membranou se potencialné mohou adsorbovat na jeji po-
vrch a vytvofit tak gel, coz maze vést k omezeni velikosti pord, niko-
li v8ak k jeho Uplnému uzavieni. To plyne z podstaty porézni gelové
vrstvy. Tento typ zaneseni je ireverzibilni a Ize ho odstranit pouze
pomoci chemického ¢isténi.

4. Bilkovinno-polyfenolické agregaty selektivni vrstvou projit ne-
mohou a zlstanou na jejim povrchu. Agregaty mohou byt také za-
chyceny uvnitf kvasni¢ného kola€e nebo ve vrstvé gelu adsorbova-
nych makromolekul. Pfedpoklada se, Ze agregaty mohou vytvaret
komplexy s absorbovanymi makromolekulami, jako jsou proteiny
nebo polysacharidy. Zaneseni agregaty je obecné povazovano
za reverzibilni proces. Pouze v pfipadé, kdy je agregat zachycen
na gelovou vrstvu makromolekul, je zaneseni ireverzibilni.

Autofi testovali tyto hypotézy porovnanim predikéniho modelu
s experimentalnimi udaji dead-end filtrace modelového piva. Toto
srovnani potvrdilo, Ze hypotézy jsou platné (Van der Sman et al.,
2012).
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romolecules such as proteins or polysaccharides. Fouling by aggre-
gates is generally considered to be a reversible process. The
clogging is irreversible only when the aggregate is captured on the
gel layer of macromolecules.

The authors tested these hypotheses by comparing the prediction
model with the experimental data of dead-end filtration of a model
beer. This comparison confirmed that the hypotheses are valid (Van
der Sman et al., 2012).

Sensidoni et al. have dealt with the distribution of particles in fil-
tered beer and the stability of beer against chill haze in the tempera-
ture range of 6-20 °C. With the addition of different enzyme cleaving
proteins, they observed a deterioration in the colloidal stability of
beer. The particle size distribution study showed that the primary
cause of blocking and diminution of the membrane pore size was at
the beginning of the filtration, while the influence of the growing cake
on the surface of the membrane prevailed over time (Sensidoni et
al., 2011).

6.2 Effect of beta-glucans on filter fouling

Stewart et al. studied in 1998 the effect of beta-glucans on filtera-
bility of a set of 24 beers from commercially available malt. They
simulated the membrane filtration using laboratory microfiltration,
obtained well-repeatable filterability values for the same varieties
and differentiated the varieties based on different filterability. They
therefore correlated the contents of the individual components with
the filtering parameters. Their results show that the total content of
beta-glucans has a lower effect on filterability than their molecular
weight profile. For the prediction of filterability, therefore, it is more
appropriate to represent the individual beta-glucans rather than their
total sum. (Stewart et al., 1998).

A similar conclusion can be drawn from another study. The au-
thors, Jin et al., studied the effect of beta-glucans, shear forces, pH
and ethanol on the beer filterability, which they evaluated in a test
using a 0.45 um laboratory membrane filter at constant pressure.
The experiment showed that the presence of beta-glucans causes
the lower beer filterability. The maximum amount of beer filtered
through the membrane filter (V) and the initial filtration rate (Q,,)
were reduced by adding higher concentrations of higher molecular
weight beta-glucans, corresponding to the results of Stewart et al,
according to which the molecular weight of beta-glucans has a great-
er influence on the filterability than their total content.

The following results show the effect of other studied parameters
on filterability. Beer exposed to shear forces at 0-10° C showed lower
Ve @nd Q,,; values, higher pH values (from 3.8 to 4.6) improved
beer filterability. Finally, beers containing 5 to 10% (v/v) of ethanol
had lower Q,; and higher V.., values compared to non-alcoholic
samples (Jin et al., 2004).

Kupetz et al. in their new study also attributed the deterioration of
the filterability to beta-glucans. They stated, among other things, that
the existing methods of determination of beta-glucans are not com-
pletely consistent, so the method of their measurement must always
be stated in the results. In addition to beta-glucans, they have also
reported a significant effect of the molecular weight and nature of
polymers influencing beer viscosity, and the relationship between the
content of beta-glucans and fatty acids, or their esters. Comparative
study of beer filterability was performed on kieselguhr and mem-
brane filters. The authors found that beta-glucans alone affect the
membrane filtration, which may thus be reduced by up to 40% rela-
tive to the kieselguhr filtration. Furthermore, the combined synergis-
tic effect of beta-glucans and fatty acid esters on the filterability was
observed. Since 90% decrease of fatty acid esters have been ob-
served in filtered beer, it is likely that these substances will be trapped
on the membrane and affect its permeability. This hypothesis was
confirmed in a subsequent experiment where the authors monitored
the efficiency of cross-flow filtration by artificially adding fatty acids
and their methyl esters to control beer. In this beer, TMP (transmem-
brane pressure) on the Pentair X-flow membrane significantly in-
creased during filtration. The highest increase was observed for me-
thyl esters of fatty acids, a moderate but still marked increase was
confirmed by the addition of fatty acids themselves (Kupetz et al.,
2015a; 2015b; 2017).

6.3 Methods to improve filtration

One of the ways to increase the efficiency of filtration is the appli-
cation of highly selective enzymes for the degradation of high mo-
lecular weight arabinoxylans (pentosans) and beta-glucans. Larsen
et al. published a study that describes the application of selected
enzymes in the filterability enhancement that does not adversely af-

Sensidoni a kol. se zabyvali distribuci ¢astic ve filtrovaném pivu
a stabilitou piva vi¢i chladovému zakalu v rozsahu teplot 6-20 °C.
koloidni stability piva. Pomoci studie distribuce zachycenych &astic
vyplynulo, Ze na po¢atku filtrace je hlavni pfi¢inou ucpavani a zmen-
Sovani velikosti p6ri membrany, zatimco s pfibyvajicim ¢asem pre-
vazuje vliv zvétSujiciho se kolace na povrchu membrany (Sensidoni
etal., 2011).

6.2 Vliv beta-glukand na zanaseni filtr(i

Stewart a kol. studoval v roce 1998 vliv beta-glukan( na filtrova-
telnost na souboru 24 piv z komeréné dostupnych sladu. Autofi si-
mulovali membranovou filtraci pomoci laboratorni mikrofiltrace.
Ziskali dobfe opakovatelné hodnoty filtrovatelnosti pro stejné odra-
dy a rozlisili jednotlivé odriidy na zakladé rozdilné filtrovatelnosti.
Proto korelovali obsah jednotlivych slozek s parametry filtrace.
Z jejich vysledku vyplyva, ze celkovy obsah beta-glukan ma men-
8i vliv na filtrovatelnost nez jejich profil podle molekulové hmotnos-
ti. Pro predikci filirovatelnosti je tedy vhodnéjsi metoda zastoupeni
jednotlivych beta-glukanl nez jejich celkova suma. (Stewart et al.,
1998).

Podobny zavér Ize vyvodit i z dal$i studie z roku 2004. Autofi Jin
a kolektiv studovali vliv beta-glukand, stfiznych sil, pH a obsahu
ethanolu na filtrovatelnost piva, kterou vyhodnotili pomoci labora-
torniho filtraéniho testu s membranami 0,45 um za konstantniho
tlaku. Z experimentu vyplyva, Ze pfitomnost beta-glukant zptsobu-
je nizs§i filtrovatelnost piva. Maximalni mnozstvi piva filtrovaného
pfes membranovy filtr (V,.,) a po€ate¢ni rychlost filtrace (Q,,;) se
snizily pfidanim vysSich koncentraci beta-glukant o vy$8i moleku-
lové hmotnosti, coz odpovida vysledkim Stewart a kol., podle
nichz ma vétsi vliv na filirovatelnost molekulova hmotnost beta-glu-
kanu nez jejich celkovy obsah. Dal$i uvedené vysledky svédci o vli-
vu ostatnich studovanych parametrd na filtrovatelnost. Pivo vysta-
vené stfiznym silam pfi 0—10 °C vykéazalo nizsi hodnoty V.., @ Q..
vy$8i hodnoty pH (z rozmezi 3,8 az 4,6) zlepsily filtrovatelnost piva.
Konecné piva obsahujici 5 az 10% (obj.) ethanolu méla nizsi Q,,,
a vys$8i hodnoty V., ve srovnani s nealkoholickymi vzorky (Jin et
al., 2004).

Také Kupetz a kolektiv pfisuzuje ve své nové studii zhorSeni filt-
rovatelnosti obsahu beta-glukan(. Ve své praci mimo jiné uvadi, ze
existujici metodiky stanoveni beta-glukanl nejsou zcela konzis-
tentni, proto je nutné zpuisob jejich méfeni vzdy u vysledk( uvadét.
Kromé beta-glukant popsali vyznamny vliv molarni hmotnosti a po-
vahy polymer( ovliviiujicich viskozitu piva a vztah mezi obsahem
beta-glukand a mastnych kyselin, popfipadé jejich esterd. Srovna-
vaci studie filtrovatelnosti piva byla provedena na kfemelinovych
a membranovych filtrech. Autofi zjistili, Ze samotné beta-glukany
ovliviiuji zejména filtraci membranovou, kde zaznamenali zhor$eni
filtrace az o 40% oproti filtraci kfemelinové. Dale byl pozorovan
kombinovany synergicky vliv beta-glukand a estertd mastnych ky-
selin na filtrovatelnost. Vzhledem k tomu, Ze ve filtrovaném pivu byl
zaznamenan 90% pokles esterll mastnych kyselin, Ize pfedpokla-
dat s vysokou pravdépodobnosti, Zze se tyto latky zachycuji
na membrané a ovlivriuji jeji propustnost. Tato hypotéza byla potvr-
zena v nasledném experimentu, kdy autofi sledovali u€innost cross
flow filtrace pfi umélém pFidavku mastnych kyselin a jejich methyl
esterd do kontrolniho piva. V tomto pivu se vyrazné zvysil TMP
(transmembrane pressure — mezimembranovy tlak) na membrané
Pentair X —flow v prabéhu filtrace. Nejvy$Si nardst byl zaznamenan
u methyl esterd mastnych kyselin, mirnéjsi, ale stale markantni
narust byl potvrzen pfi pfidavku samotnych mastnych kyselin (Ku-
petz et al. 2015a; 2015b; 2017).

6.3 Zpuisoby zlepseni filtrace

Jednou z moznosti, jak zefektivnit filtraci, je aplikace vysoce selek-
tivnich enzymi pro degradaci vysokomolekularnich arabinoxylant
(pentosanll) a beta-glukanl. Autofi Larsen a kol. uvefejnili studii,
ve které popisuji funkci vybranych enzym( pro zlepsSeni filtrovatel-
nosti takovym zplsobem, aby tento proces nemél negativni dopad
na kvalitu procesu a neovliviioval organolepticky charakter finalniho
piva. Autofi testovali velké spektrum enzymd xylanas s ohledem
na vysokou efektivitu tohoto procesu. Porovnavali parametry scezo-
vani jeéného sladu a nesladovaného je€mene, ze ziskanych dat od-
vodili slozeni hlavnich slozek rmutu tak, aby vyuzili v maximalni moz-
né mife funkénost enzymu a dosahli tak optimalni G¢innosti separace.
Vybrané preparaty byly testovany v pilotnich pivovarskych studiich.
Kritické parametry v€etné stability filtraéniho kolace pfi scezovani
a tlakovém nar(stu pfi filtraci piva byly testovany za pouziti riizného
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fect the quality of the process and does not affect the organoleptic
character of final beer. The authors tested a wide range of xylanase
enzymes with regard to the high efficiency of this process. They com-
pared the lautering parameters of barley malt and unmalted barley
and used the data to derive the composition of the main mash com-
ponents that would make the most of the enzyme'’s activity to achieve
the optimal separation efficiency. Selected preparations were tested
in pilot brewing studies. Critical parameters, including the stability of
the filter cake during lautering and the pressure increase of beer fil-
tration, have been tested using a variety of raw materials composi-
tion. From these experiments they derived the impact of the sub-
strate selectivity of the various xylanases on different arabinoxylan
fractions. The study confirmed that the application of xylanases,
which are highly selective to water-extractable arabinoxylans, for
brewing purposes has the following advantages:

1. separation of mash and beer filtration takes place more easily;

2. minimizing the risk of cake collapsing;

3. reduce the risk of foreign flavors and odors caused by the degra-
dation of arabinoxylan (xylanase may lead to free ferulic acid and
4-vinylguaiacol under uncontrolled conditions);

4. tolerance to xylanase overdose.

Xylanases can also be successfully applied with very beneficial

effects in combination with beta-glucanases (Larsen et al., 2015).

6.4 New filter materials
Currently, kieselguhr is the dominant filtering agent in the food and
beverage industry thanks to its high porosity and good filtration re-
sistance. However the use of kieselguhr is also critically considered
as a result of stricter environmental regulations. Kieselguhr cannot
be recycled and its sources are limited. Its use is associated with
health risks, e.g. its inhalation causes lung disease. It can also be
a source of trace heavy metals, such as arsenic. Therefore research
on alternative filtration materials is very important and necessary.
An example of the newly tested filter oil is the natural rock alginite,
an immature oil shale from Gérce in Hungary. Before using alginite
for filtration, the raw material must be heat activated and washed
with water. The resulting material, A 1000, is free of organic matter,
releases minimal amounts of ions to the leachate and has no swell-
ing. However, in laboratory experiments, it was found that A 1000
causes a short service life of the filter. Beta-glucans are retained to
a higher degree in the filter cake, which results in higher cake resist-
ance. This has been reduced by the addition of commercial filtering
agents such as kieselguhr and perlite. Another disadvantage of alg-
inite, when used in high amounts, is the decrease in the concentra-
tion of bitter substances during filtration. (Hippmann et al., 2016).
Pre-coat filtration of beer can be improved by using alternative fil-
tration means, so-called viscose fibers. Their main advantage is the
adjustable throughput in the filter cake and their adjustable porosity
in accordance with the generally controlled filter system process
variables. The results of the study show that an optimal way of filter-
ing for a given type of beer can be found by selecting the shape and
length of the fibers, their throughput and compressibility. Functional
viscose fibers are a promising alternative to kieselguhr filters in beer
and other food filtration. It is to be expected that if these fibers are
efficiently treated to suit pre-coat filtration, breweries will be able to
use their existing candle filter lines without having to make invest-
ment-intensive changes in their technology (Zacharis et al., 2017).
Another possible alternative may be cellulose, which can be re-
generated several times, is easily disposed of and is commonly
available as a renewable raw material. The use of cellulose also
does not bring any known health risks. However, filtration with the
cellulose itself was not sufficiently effective, but after addition of the
silica sol to the cellulose dosing mixture, the turbidity of the filtrate
was significantly reduced, the filtration efficiency being dependent on
the method of adding the sol to the filtration mixture. The authors
also mention rice ash as an alternative filter material due to its simi-
larity to kieselguhr (Braun et al., 2011).

6.5 Centrifuges

Disk separators are used in breweries to clean beer before final
filtration for about a hundred years. A more modern type of these
centrifuges, automatically discharged devices, have been used for
more than 60 years. The use of these machines originally negatively
influenced the qualitative parameters of beer because of contact with
oxygen, inconsistent discharge, heating of the product and, last but
not least, a great problem with the difficult cleaning of these devices.
Modern today’s separators are designed to efficiently clean the beer
without aeration, to allow effective device cleaning without disassem-

slozeni surovin. Z téchto experimentd byl odvozen dopad substrato-

vé selektivity rznych xylanas na rozdilné frakce arabinoxyland. Stu-

die potvrzuje, ze aplikace xylanas pro pivovarské Ucely, které jsou
vysoce selektivni k vodou extrahovatelnym arabinoxylantim, ma na-
sledujici vyhody:

1. separace rmutu a filtrace piva probiha snadnéji;

2. je minimalizovano riziko kolapsu kolace pfi scezovani;

3. snizuje se riziko tvorby cizich chuti a vini zpisobené degradaci
arabinoxylanu (xylanasa mize za nefizenych podminek zpUsobit
vznik volné ferulové kyseliny a 4-vinylguajakolu);

4. tolerance vG¢i pfedavkovani xylanasou.

Xylanasy mohou byt také Uspésné aplikovany s velmi pfiznivym

G¢inkem v kombinaci s beta-glukanasami (Larsen et al., 2015).

6.4 Nové filtracni materialy

V soucasné dobé je kfemelina dominantnim filtraénim prostfed-
kem v potravinafském a napojovém priimysiu, a to diky vysoké poro-
zité a dobré filtraCni odolnosti. Pouziti kfemeliny je vSak kriticky pFe-
hodnocovano v dusledku pfisnéjsich predpist v oblasti Zivotniho
prostfedi. Kfemelinu nelze recyklovat a jeji zdroje jsou omezené. Jeji
pouzivani je spojeno se zdravotnimi riziky, napf. jeji vdechovani zpd-
sobuje plicni choroby, mlze byt také zdrojem stopovych tézkych
kovd, jako je napfiklad arsen. Proto je vyzkum alternativnich materi-
all pro filtraci velmi dilezity a potiebny.

Pfikladem nové testovaného filtraéniho materiélu je pfirodni skalni
alginit, coZ je nezrala ropna bfidlice z Gérce v Madarsku. PFed pou-
zitim alginitu pro filtraci musi byt surovy material tepelné aktivovan
a promyt vodou. Ziskany material A 1000 je prosty organickych latek,
do vyluhu uvolrfiuje minimalni mnozstvi iontl a neméa zadnou bobtna-
vost. Pfi laboratornich pokusech v3ak bylo zjisténo, Ze A 1000 zpU-
sobuje kratkou provozni zivotnost filtru. Ve filtracnim kolaci se vySsi
mérou zadrzuji beta-glukany, coz zplsobuje vy$Si odpor kolace. Ten
se autorim podafilo snizit pfidavkem komerénich filtraénich pro-
stfedkd, jako jsou kfemelina a perlit. Dal$i nevyhodou alginitu (pou-
zitého ve vysokém mnozstvi) je pokles koncentrace horkych latek
béhem filtrace. (Hippmann et al., 2016).

Nadéji pro naplavovaci filtraci piva mohou byt alternativni filtracni
prostfedky, tzv. visk6zova vlakna. Jejich hlavni pfednosti je nastavi-
telna propustnost ve filtratnim kolaci a jejich nastavitelna poréznost
v souladu s obecné fizenymi proménnymi procesu filtraéniho systé-
mu. Z vysledkld studie vyplyva, ze pomoci vhodného vybéru tvaru
a délky vlaken, jejich propustnosti a stladitelnosti 1ze najit optimalni
zpUsob filtrace pro dany typ piva. Funkéni viskbzova vliakna jsou slib-
nou alternativou ke kfemelinovym filtrdm ve filtraci piva a dalSich po-
travin. Lze oCekavat, ze pokud dojde k efektivni Upravé téchto viaken
tak, aby vyhovovala naplavovaci filtraci, budou moci pivovary vyuzit
své stavajici svickové filtracni linky, aniz by musely provadét inves-
ticné narocné zmeény ve své technologii (Zacharis et al., 2017).

Dalsi z moznych alternativ mdze byt celuléza, kterou Ize nékolika-
nasobné regenerovat, snadno se likviduje a je béZné dostupnou obno-
vitelnou surovinou. Pouziti celulbzy také nepfinasi zadna znama zdra-
votni rizika. Jak vyplyva ze studie autori Braun et al, G¢innost filtrace
pomoci celulosy nebyla dostate¢nd, ale po pfidani kfemicitého solu
do davkovaci smési celul6zy se vyznamné snizil zakal filtratu, pfi¢emz
Gcinnost filtrace byla zavisla na zplsobu pfidavku solu do filtraéni
smési. Autofi jako alternativni filtrani material uvadi i ryzovy popel
vzhledem k jeho podobnosti s kfemelinou (Braun et al., 2011).

6.5 Odstredivky

Diskové separatory jsou pouzivany v pivovarech k ¢ifeni piva pred
finalni filtraci jiz asi sto let. Modernéjsi typ téchto odstredivek, auto-
maticky vypousténa zafizeni, se pouzivaji vice nez 60 let. Pouziti
téchto stroju plvodné negativné ovlivnilo kvalitativni parametry piva,
nebot dochéazelo ke kontaktu s kyslikem, nekonzistentnimu vypous-
téni, ohfevu vyrobku a v neposledni fadé byla velkym problémem
naro¢na sanitace téchto zafizeni. Moderni odlu¢ovace jsou jiz navr-
zeny tak, aby efektivné vycifily pivo bez provzdusnéni, aby byly efek-
tivné vycistény bez demontaze, aby separovaly kvasnice s maximal-
nim vytézkem ¢irého piva a aby byly spolehlivé pfi nizkych nérocich
na udrzbu. Separacni G€innost modernich odlu€ovact mize byt az
99,9%, takZe vycCifené pivo obsahuje méné nez 1000 bunék/ml. To
plati v pfipadé filtrace bez kiemeliny. Pokud nasleduje bézna kieme-
linova filtrace, je nutné tuto G¢innost snizit, idealné na 100 000 az
300 000 bunék/ml (Gertsman, 2017).

6.6 Udrzitelnost a ekologie
Udrzitelnost je v sou¢asné dobé termin bézné pouzivany nejen
v hlavnich cilech velkych pivovarskych skupin, ale v podstaté
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bly to separate the yeast with maximum yield of clear beer and to be
reliable at low maintenance requirements. The separation efficiency
of modern separators can be as high as 99.9%, so that the beer
contains less than 1000 cells/mL. This is recommended for kiesel-
guhr free (membrane) filtration. When followed by conventional kie-
selguhr filtration, this efficiency has to be reduced, ideally at 100,000
to 300,000 cells/mL (Gertsman, 2017).

6.6 Sustainability and ecology

Sustainability is currently a term commonly used not only among
the main goals of large brewing groups, but in virtually all industries.
Not only transnational brewing companies, but also large craft brew-
eries in the United States spend considerable resources on tech-
nologies to reduce water and energy consumption in their opera-
tions. Although filtration has little impact on the environment (the
carbon footprint), it is an integral part of beer production and there-
fore cannot be ignored. (Zuber, 2014). Despite the bad reputation,
according to this study, the impact of traditional pre-coat filtration on
the environment is much lower than that of membrane systems.

The opposite opinion was published in the same year by Mol, who
compared both filter technologies in terms of the carbon footprint, i.e.
water consumption, chemical consumption, solid waste and health
risks. The kieselguhr production is an energy-intensive process, re-
quiring furnace treatment at a temperature of about 1000 °C. There-
fore, the carbon footprint of the kieselguhr is relatively high. Further-
more, kieselguhr is intended for one-way use, which leads to the
formation of large quantities of solid waste (about 50% of the total
solid waste of the brewery). Finally, the risk of inhalation of kiesel-
guhr causing pulmonary disease must be taken into account. The
use of membranes requires higher consumption of chemicals, but
their reuse may reduce their consumption by as much as a third. The
water consumption for kieselguhr and membrane filtration is compa-
rable, typically 0.05 to 0.10 hL/hL of beer. Regenerable membranes
with a typical life of 400 filter cycles have a significantly lower carbon
footprint compared to kieselguhr filtration. (Mol, 2014).

6.7 Membrane filtration of non-alcoholic beer

Due to its composition, non-alcoholic beer has different properties
(density, viscosity, suspended and soluble particles) than alcoholic
beer, which significantly influences its filtration. These differences
need to be taken into account when selecting a suitable filtering tech-
nology. Study by Yazdanshenas et al. deals with characterization of
properties of non-alcoholic beer and their influence on the process of
membrane filtration, with a focus on fouling mechanisms and their
description. The relationship between the number of particles in the
solution and the sample haze was confirmed when filtering non-alco-
holic beer on ceramic cross-flow membranes with 0.45 um pores.
Two basic mechanisms to reduce the flow of filtered beer, namely the
fouling of the pores during the first 15 minutes of filtration, and the
formation of the filter cake from 20 minutes, have been described.
The filter cake, including the gel layer, contributes 95% of the total
resistance and has the greatest impact on the flow drop. Irreversible
membrane blockage (especially pore blocking) contributes to a total
resistance by a mere 4%. (Yazdanshenas et al., 2010a).

Different types of membranes of different pore sizes were tested
for microfiltration of non-alcoholic beer. It was experimentally con-
firmed that no significant differences were found between cellulose
acetate (CA), cellulose (CN) and nylon (NY) membranes, and flow
rates during filtration with these membranes decreased very rapidly.
The polytetrafluoroethylene membrane (PTFE) was not permeable
at 1 bar, and at 2 bar the flow first increased, decreasing only after
a certain period of time. The highest concentration of dissolved par-
ticles and haze-forming proteins was observed in the CN membrane,
while the NY membrane had the highest decrease in polyphenols
and color. The low selectivity of the PTFE membrane can be due to
its hydrophobicity and thus weaker interactions with haze-forming
proteins (Yazdanshenas et al., 2010b).

7 CONCLUSIONS

Filtration is an indispensable part of production of beer with ex-
tended shelf life. Just like the brewing processes, which are adjust-
ing to meeting new requirements, beer filtration technology is also
amenable to new trends. The basic problem is no longer to merely
produce haze-less beer; the focus is on the speed of filtration and, to
a great extent, on the impact on the environment. Although most
studies point to a lower “carbon footprint“ of membrane filtration over

ve v8ech prlmyslovych odvétvich. Nejen nadnéarodni pivovarské
spolecnosti ale také velké femesIné pivovary ve Spojenych statech
vynakladaji nemalé prostfedky na technologie pro snizovani spotfe-
by vody a energie ve svych pivovarech. | kdyz filtrace ma pouze maly
dopad na zivotni prostredi (uhlikova stopa), je nedilnou soucasti vy-
roby piva, a proto ji nelze opominout. (Zuber, 2014). Podle tohoto
¢lanku ma navzdory Spatné poveésti tradi¢ni naplavovaci filtrace pod-
statné mensi dopad na Zivotni prostfedi nez membranové systémy.

Opacny nazor publikoval ve stejném roce Mol, ktery obé filtracni
technologie srovnava podle uhlikové stopy, tj. spotfeba vody, che-
mické& spotfeba, pevny odpad a zdravotni rizika. Proces vyroby kfe-
meliny je energeticky naro¢ny, vyZaduje Upravu v pecich pfi teploté
asi 1000° C. Tudiz, uhlikova stopa vyroby kfemeliny je pomérné vy-
soka. Dale, kfemelina je uréena pro jednorazové pouziti, coz vede
k tvorbé velkého mnozstvi pevného odpadu (zhruba 50 % celkového
objemu pevného odpadu pivovaru). Kone¢né musi byt vzato v Gva-
hu riziko vdechovani kiemeliny zpGsobujici plicni onemocnéni. Pou-
Ziti membran vyZaduje vy$Si spotfebu chemikalii, ale jejich opétovné
pouziti mlze sniZit jejich spotfebu az o tfetinu. Spotfeba vody pro
kfemelinovou a membranovou filtraci je srovnatelnd, typicky 0,05 az
0,10 hl/nl piva. Regenera¢ni membrany s typickou Zivotnosti 400 fil-
traénich cykld maji vyrazné nizsi uhlikovou stopu ve srovnani s kfe-
melinovou filtraci (Mol, 2014).

6.7 Membranova filtrace nealkoholického piva

Diky svému slozeni ma nealkoholické pivo odlisné viastnosti (hus-
tota, viskozita, suspendované a rozpustné ¢astice) nez pivo alkoho-
lické, coz se vyznamné projevi pfi jeho filtraci. Tyto odliSnosti je za-
potiebi vzit v Gvahu pfi vybéru vhodné filtraéni technologie. Studie
autord Yazdanshenas a kol. se zabyvéa charakterizaci vlastnosti ne-
alkoholického piva a jejich vlivem na pribéh membranové filtrace
s zacilenim na blokaéni mechanismy a jejich popis. Pfi filtraci neal-
koholického piva na keramickych cross flow membranach s poéry
o velikosti 0,45 um byl potvrzen vztah mezi po¢tem ¢astic v roztoku
a zdkalem vzorku. Byly popséany dva zakladni mechanismy snizujici
pratok filtrovaného piva, a to ucpavani pérd béhem prvnich 15 minut
filtrace a tvorba filtraniho kolace od 20 minuty. Filtraéni kolag véetné
gelové vrstvy pfispiva 95% k celkovému odporu a ma nejvétsi vliv
na pokles pratoku. Ireverzibilni blokace membrany (zejména ucpa-
vani poéru) pfispiva k celkovému odporu pouhymi 4 %. (Yazdanshe-
nas et al., 2010a).

Pro mikrofiltraci nealkoholického piva byly testovany rdzné typy
membran o rozdilné velikosti pérd. Experimentalné bylo potvrzeno,
Ze mezi membranami z acetatu celul6zy (CA), nitratu celulézy (CN)
a nylonu (NY) nebyly zji§tény vyznamné rozdily a prtoky béhem fil-
trace pomoci téchto membran velmi rychle klesaly. Membrana z po-
lytetrafluoroethylenu (PTFE) nebyla pfi tlaku 1 bar propustna, pfi
tlaku 2 bary se pratok nejprve zvysil a teprve po urcité dobé klesl.
U membrany CN byl pozorovan nejvys8si zachyt rozpusténych castic
a zakalotvornych proteint, zatimco na membrané NY byl nejvyssi
pokles polyfenoll a barvy. Nizka selektivita PTFE membrany muize
byt zplsobena jeji hydrofobicitou a tedy slabsimi interakcemi se zéa-
kalotvornymi proteiny (Yazdanshenas et al., 2010b).

7 ZAVER

Filtrace je nepostradatelnou soucasti vyroby piva s prodlouzenou
trvanlivosti. Tak jako se v pivovarstvi procesy a postupy pfizplsobu-
ji novym pozadavkim, také technologie filtrace piva zaznamenava
nové trendy. Zakladnim problémem uz davno neni jen vyrobit kvalitni
jiskrné pivo, dlraz je kladen i na rychlost filtrace, délku filtraéniho
cyklu a v nemalé mife na dopad na zivotni prostiedi. | kdyz vétSina
studii poukazuje na nizsi ,uhlikovou stopu“ membranové filtrace
oproti naplavovaci a ve svété je membranova filtrace stale vice pou-
Zivana, je otazkou, zda je tato technologie vhodnéa pro filtraci piva
s vy$§im zbytkovym extraktem, nebot je zde vétsi riziko zanaseni
poérud, coz vede ke zkraceni doby filtratniho cyklu a zvySuje naklady
na filtraci. Proto je cilem vyzkumu podrobné popsat mechanismus
zanaseni poérd a upravit technologii membranové filtrace tak, aby
byly uvedené nedostatky eliminovany na minimum.
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the kieselguhr, and membrane filtration is increasingly used world-
wide, it is questionable whether this technology is suitable for filtering
beer with a higher residual extract as there is a greater risk of pores
becoming blocked, which leads to a shorter filter cycle time and in-
creases the cost of filtration. Therefore, the aim of the future research
is to describe in detail the mechanism of pore fouling and to modify
the membrane filtration technology to minimize all deficiencies.
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