1. Objectives
1.1. Purpose
1.1.1. Filtration, (see Sections 3 & 4)
Filtration is the process of removing suspended particulates from beer. These
particulates include:
•

•

Micro-organisms:
-- Yeast.
-- Bacteria.
Haze material (see Section 2.2.)
Brewhouse derived material comprising carbohydrate particulates and trub from
the whirlpool.
-- Permanent haze is a protein-polyphenol precipitate which forms during wort
cooling to fermentation temperature and migrates into the matured beer.
Haze which is present at temperatures around 20 °C is classified as “permanent”.
-- Chill haze is a protein-rich precipitate which forms when the matured beer is
chilled to 0 °C and stored for at least 24 hours.

Table 2.2.1. gives the typical sizes of the commonly encountered micro-organisms. Since
beer filters remove the vast majority of particles down to 1 µm and a significant amount
down to 0,5 µm, virtually all the yeast is removed by kieselguhr and crossflow filtration
but the removal of bacteria may remain incomplete.
Figure 1.1. shows typical size distribution of particulates present in beer before filtration
Figure 1.1.1. Coulter size distribution of particulates present in beer before filtration
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Typically, filtration will remove virtually all particles of a size greater than 0,5 µm.

1.1.2. Stabilisation (see section 5)
Stabilisation refers to the treatment of beer by adsorbent materials or enzymes to remove
haze precursors which would otherwise form in the packaged product, e.g. the addition
of polyvinyl-poly-pyrrolidone (PVPP) and silica gels to remove respectively polyphenols
and proteins which are haze forming precursors. The process of stabilisation can take
place during maturation, in association with filtration or as a separate process in filtertype equipment. Other stabilisation processes not directly related to filtration are not
discussed in this manual. These include treatments using exogenous enzymes, tannic
acid and bentonite.

1.1.3. Cold Sterile Filtration (see Section 6)
Cold sterile filtration (CSF) refers to the elimination of micro-organisms and yeast
without impact on taste by applying high temperatures as used in beer pasteurisation,
(see EBC Manual of Good Practice: Beer Pasteurisation), by using membrane filters to
remove bacteria down to a level that will ensure that the beer meets its shelf life. The
definition of sterility in brewing terms does not denote an absolute absence of microorganisms, as is the case in pharmaceutical industry, but rather the absence of beer
spoilage organisms. There is no universally applied specification for micro-organisms in
beer. Breweries will set their own specifications in order to achieve the required shelf
life under given conditions. However, a typical value is a maximum of 1 spoilage organism
cell per 100 ml of sample (see Figure 2.4.1.). A beer spoilage organism is one which can
grow in beer at levels of less than 200 ppb of dissolved oxygen and can multiply to such
an extent that either a perceptible haze, or an off-flavour, develops.

1.2. Major Processes
The range of processes downstream of fermentation, which may be used in breweries
are given in Table 1.2.1. Only those processes relevant to the removal of suspended
matter from beer and to beer stabilisation have been included.
The processes upstream of fermentation affect the type and quantity of the suspended
solids in unfiltered beer, for example practices within the brewhouse, including the
addition of kettle or wort finings and the efficiency of the whirlpool and cold trub
separation. Raw materials also play an important role.
Note that in Table 1.2.1., it is not possible to show all the combinations of processing
options. For example, many breweries will choose not to use the stabilisation and CSF
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stages. Similarly, pasteurisation of beer destined for small packages may be either
before packaging, by means of a plate pasteuriser followed by “Sterile Filling” or after
packaging by means of a tunnel pasteuriser. The topic of Beer Pasteurisation is covered
in the EBC Manual of Good Practice on Beer Pasteurisation.
Table 1.2.1. typical beer processing downstream of fermentation

Process

Operation

Purpose

Transfer from
fermentation to
conditioning or
maturation.

Centrifugation.
Addition of finings.

Removal of major part of yeast.
Assisting clarification by settling in
maturation vessel.
Removal of proteins and polyphenols

Conditioning or
maturation.

Cold storage.

Development and precipitation of chill
haze.
Settling of yeast and haze components.
Adsorption of proteins and
polyphenols.

Transfer to beer filter.

Centrifugation.
Carbon dioxide injection.

Removal of larger suspended particles.
Increase the gas content of beer

Clarification.

Filtration.

Removal of larger suspended matter.
Separation of yeasts.
Reduction in bacteria.

Stabilisation.

Adsorption by processing
aids and/or precipitation (not
included in this manual).

Removal of protein.
Removal of polyphenols.

Second stage filtration.

Particle or trap filtration.

Removal of processing aids.

Bright beer storage.

Storage.

Buffer storage prior to cold sterile
filtration, pasteurisation and packaging.
Point for quality control.

Final (cold sterile)
filtration.

Filtration.

Separation of spoilage microorganisms.

Pasteurisation.

Heat treatment.

Inactivation of microorganisms to
achieve storage stability.

Packaging of kegs, bottles
and cans.
Packaging and
pasteurisation of bottles
and cans

Kegging, bottling and canning.

Packaging for product sales.

Bottling and canning followed
by heat treatment.

Packaging and long-term storage
stability.

Addition of processing aids e.
g. silica gel.

1. Final (cold sterile) filtration is an alternative to pasteurisation by heat treatment.
2. The unit processes listed above can occur within one operation or the same process can be carried out
within different operations.
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2. Required Performance
2.1. Outline of Process Requirements
A schematic diagram of the processes between fermentation and packaging is provided
in Figure 2.1.1. This incorporates the filtration step in the clarification of beer and the
various options of stabilisation to remove potential haze material together with cold
sterile filtration (CSF) and pasteurisation to reduce the bacterial count.
The requirements of the scheme as shown in Table 2.1.1. are beer clarity and the
avoidance of off-flavours in the short, 3 months, and long term (12 or more months),
depending on the market for a particular type of product. Short term quality assurance
is required for kegged and some small pack products, whilst many small pack products,
especially some canned products, are designed to have a shelf life of 12 months or
even longer. For products with a long shelf life, it is essential that precursors to haze
are removed as effectively as possible, (see Section 5). Storage in warm conditions
will accelerate the staling and ageing processes. Therefore, beers produced for warm
climates will require a higher level of stabilisation.
Beer is sensitive to temperature, with chill hazes precipitating as the temperature is
reduced. Hence it is imperative that beers dispensed cold are also filtered cold. However,
even when beers are dispensed at room temperature, they need to have an adequate
shelf life, so that the clarity of the beer at the time of dispense is matched by consumer
expectations. The perception of beer haze is affected by colour. Therefore, it is more
apparent in light coloured beers. Hence the permitted haze at filtration should be lower
in light coloured beers than in dark coloured beers.
It can be seen from Figure 2.1.1., the efficiency of an upstream process will impact on a
downstream process, e.g. poor settlement in maturation, will impose a high solids load
on filtration. Similarly, insufficient maturation will increase the load on the stabilisation
processes.
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Figure 2.1.1. Process diagramme of processes downstream of fermentation

Note: Figure 2.1.1. is not a definitive process flow diagram and the actual combination
of treatment processes chosen can vary from brewery to brewery. One major factor
influencing the choice of technology will obviously be linked to the style of beer being
produced.
Table 2.1.1. Nature of suspended solids

Materials

Type

Source

Particle size

Micro-organisms

Yeast
Bacteria

Fermentation
Contamination

5 - 10 µm
0,2 – 2 µm

Haze

Permanent haze of
carbohydrates

Malt & brewhouse
processes

up to 5 µm

Proteins and polyphenols

Malt & brewhouse
processes

up to 5 µm

Chill haze of proteins and
polyphenols

Malt & brewhouse
processes

up to 3 µm

Potential haze of
proteins and polyphenols

Malt & brewhouse
processes

up to 3 µm when formed

To achieve a long shelf life, it is necessary to remove all sources of suspended and
potential solids.
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2.2. Nature and Loadings of Solids in Beer Filters
The groups of materials which must be removed to ensure a clarified and stable product
(see Table 2.1.1) are:
•
•
•
•

•

Yeast cells, which impact on haze and may cause poor flavour stability.
Bacterial cells, which impact on haze and can cause changes in flavour profile.
Non-biological suspended matter including permanent and chill haze, (see later in
this section).
Potential haze material or haze precursors which can develop into visible hazes
on storage in package, particularly in the presence of dissolved oxygen leading to
concomitant flavour changes.
Oxalates, present as crystals and sediment.

The types and sizes of yeast and bacteria are given in Table 2.2.1.
Table 2.2.1. Micro-organisms to be removed from beer

Organisms

Size (µm)

Brewers yeast – Culture yeast of various species of Saccharomyces (Saccharomyces
cerevisiae / carlsbergensis / pastorianus / uvarum)

5 – 10

Wild yeast (Saccharomyces spp. other than named above)

3 - 10

Lactobacillus spp.

0,5 – 1,0

Pediococcus spp.

0,5 – 1,0

Spores of various micro-organisms

< 0,5

The means of removing solids are given in Figure 2.2.1. The processes prior to filtration
have a significant impact on the solids loadings on the filters and may either remove
particulates, e.g. precipitates by gravity or centrifugation (possibly in combination), or
may even add particulates due to shearing or abrasive agitation, e.g. in mash conversion.
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Figure 2.2.1. Control of solids in beer

Yeast

Bacteria

Permanent haze

Sedimentation with
or without ﬁnings

Centrifugation

Crossﬂow Filtration or
Filtration using ﬁlter-aids

Crossﬂow Filtration or
Filtration using ﬁlter-aids

Cold Sterile
Filtration cartridges

Sedimentation with
or without ﬁnings

Centrifugation

Chill haze

Potential haze

Crossﬂow Filtration or
Filtration using ﬁlter-aids

Precipitation at low
temperatures & settlement

Centrifugation

Crossﬂow Filtration or
Filtration using ﬁlter-aids

Protein adsorption in
conditioning / maturation
and by settlement

Crossﬂow ﬁltration or
Filtration using ﬁlter-aids

Adsorption of proteins
and polyphenols during
clariﬁcation

Adsorption of polyphenols
in specialised ﬁlters
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The solids loading on a beer filter, both from yeast cells and haze particulates, will
depend on treatment prior to filtration (see Figure 2.2.2.). Extended maturation
periods, in shallow vessels or the addition of flocculation aids to the beer as it enters
the conditioning tank, both greatly reduce the yeast and haze loadings. Centrifugation
does help to virtually eliminating yeast from beer. In Figure 2.2.2., a distinction is made
between maturation, which infers a long-term storage of generally 1 week or longer and
conditioning, which – in turn – infers a shorter time of perhaps a few days.
Figure 2.2.2. Typical solids loading and performance of beer filters
PRIOR TREATMENT

T YP ICA L S O L ID S
L O A D IN G ON T O F IL T E R

INDICATIVE PRODUCT
SPECIFICATION
FROM FILTER

3

Maturation

Yeast
Bacteria
Suspended solids
Haze

100 x 10 cells/ml
3
1 x 10 cells/ml
40 mg/litre
4 EBC

Conditioning

Yeast
Bacteria
Suspended solids
Haze

1000 x 10 cells/ml
3
1 x 10 cells/ml
200 mg/litre
15 EBC

3

Yeast
Bacteria
Suspended solids
Haze

< 5 cells/100 ml
< 1 cell/ml
< 10 mg/litre
< 1.0 EBC dark beers
< 0.5 EBC light beers

3

Conditioning
& ﬁning

Yeast
Bacteria
Suspended solids
Haze

100 x 10 cells/ml
3
1 x 10 cells/ml
40 mg/litre
4 EBC

Conditioning
& centrifugation

Yeast
Bacteria
Suspended solids
Haze

< 10 x 10 cells/ml
3
1 x 10 cells/ml
< 40 mg/litre
4 EBC

3
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Different yeasts show different flocculating characteristics as defined by the ability
of yeast cells to agglomerate to form clumps of cells. A weakly flocculant yeast (also
referred to as a ”powdery” yeast) will tend to remain in dispersed form and consequently
settles only slowly. For example, in the conditioning tank, the yeast content may remain
at levels as high as 5 million cells per ml or 1.000 mg/litre on a dry basis, even after 6
weeks. Therefore in this case, unassisted settlement in deep CCV’s (cylindroconical
vessels) is not a particularly effective means of reducing solids loading. Such a yeast is
best removed by means of either centrifugation or the addition of finings which causes
the yeast cells to flocculate thereby assisting the settling of solid particles during
conditioning.
The performance standards of beer filters are illustrated in Figure 2.2.2.
Modern centrifuges will remove fine particulates within a size range of between 1 and
5 µm with efficiencies variously ranging from 30 to 99%. Predominantly, the material
responsible for permanent haze is present in the wort as it leaves the paraflow or wort
cooler. This haze causing material is the result of limitations in liquid-solid separations in
the brewhouse, and comprises of:
•
•
•

Protein and carbohydrate particulates escaping the lauter tun (cloudy worts).
Trub and associated material remaining unflocculated in the whirlpool.
Solids precipitated when the wort is cooled to fermentation temperatures.

Haze is also formed during maturation by the reaction between proteins and polyphenols
(see Section 5). Some of this haze may be classified as chill haze due to the tendency to
redissolve at ambient temperatures, but some is permanent. Crucially, haze in beer can
also be formed during fermentation by a decreasing pH which means that some proteins
will be approaching their iso-electric point.
Yeast and proteins can dominate the filtration process, but in circumstances where
pre-clarification of the beer has been effective (generally aimed at yeast and protein
removal), carbohydrates will dominate the filtration characteristics. The carbohydrate
groups of importance are:
•
•
•
•

α-glucans (unmodified starch).
dextrins (oligosaccharides from 4 to around 20 glucose units).
ß-glucans.
pentosans.

An indication of the importance of carbohydrates on beer filtration is given in Table
2.2.2., where the impact of different carbohydrates in membrane blockage was
measured using enzymatic techniques for two different beers. The filterability of a beer
can be expressed by the measurement of the maximum filtrate volume, Vmax (see Section
3.7.1.), passing through the filter at a given pressure difference. The bigger the values
of Vmax, the better the filterability of the beer and, generally, the lower the suspended
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solids concentration. This is referred to as the Esser test (Hebmüller, 2003). The addition
of an enzyme corresponding to a specific carbohydrate group is breaking down those
solids, reduces the extent of membrane blockage and this results in an increase in Vmax
(see Table 2.2.2.).
Table 2.2.2 Influence of carbohydrates on filtration (according to Hebmüller, 2003)

Enzyme added

% Increase in Vmax

Carbohydrate attacked

Beer 1

Beer 2
20

ß-Amylase

unmodified starch

5

Amyloglucosidase

dextrins

15

5

Xylanase

pentosans

60

20

Lichenase & cellulase

ß-glucans

20

30

The influence of pentosans in Beer 1 resulted from unmalted cereal adjuncts in the grist.
Typical ß-glucan concentrations, both in solution and as fine particles in unfiltered beer,
were between 150-300 mg/litre, though values as high as 450 mg/litre are not unknown.
ß-glucans can, but do not necessarily, impact on beer filtration in two ways, as follows:
•
•

Colloidal, gel or particulate condition, which contributes to the fouling layer on
crossflow membranes or occupancy within the filter bed, referred to in Table 2.2.2.
Soluble forms which elevate the viscosity of the beer and result in a high pressure
drop across the filter

2.3. Influence of Beer Stabilisation Processes on Filter Loading
The formation of potential beer hazes, i.e. those which develop in package, can be
controlled by eliminating either of the precursor groups, namely:
•
•

Proteins of molecular weight ca. 40 k Daltons
Polyphenols

The haze forming proteins can be reduced by adsorption onto silica gels as hydrogels or
xerogels and bentonite.
Bentonite is not often used for beer stabilisation due to high beer losses and poor head
retention. Silica gels are selective in size and chemical nature of species adsorbed so
that, in principle, the head forming proteins remain unaffected. However, there is
evidence that at high addition rates, for example in excess of 20 g/hl, head retention
may be adversely affected. These proteins can be precipitated also by the addition of
tannic acid, normally at the conditioning / maturation stage. The effectiveness of silica
gels cannot be measured directly in terms of protein removal and can only be judged by
improvements to the haze stability of the treated beers, see Section 5. Haze forming

E B C - B E E R F I LT R AT I O N A N D S TA B I L I S AT I O N

25

proteins are conveniently determined by titration with tannic acid. Formation of haze
during titration provides a measure of the sensitive (haze) protein level (Analytica-EBC).
Figure 2.3.1 indicates typical gel protein loadings.
Figure 2.3.1. Typical loading and performance of stabilisation
TYPICAL LOADING

PROCESS

T YPI C A L PRO DU C T
S PEC I FI C A T I O N

Silica gel:
in-tank treatment
Removal of 90 % of sensitive
proteins after 10 mins of
contact at temperature < 1 °C

Proteins
Silica gel:
in-ﬁlter treatment
Silica gel addition rate:
20 – 100 g/hl

Regenerable
PVPP system
Total polyphenols
200 mg/litre

Total polyphenols
100 mg/litre
PVPP powder addition
to kieselguhr ﬁlter
PVPP addition rates:
20 – 50 g/hl non-regenerable.
40-100 g/hl regenerable.

Polyphenols can be removed by adsorption to PVPP. The polyphenol groups which are
of primary importance are:
•
•
•

catechins
oxidised polyphenols
condensated polyphenols

For dosing rates of 25 to 50 g PVPP per hl, around 50% of total polyphenols are removed.
The addition of proteolytic enzymes, as well as bentonite and tannic acid are additional
treatments that can be used to improve the stability of beer. They are not added as
part of the filtration process and therefore are not included in this manual. It should be
noted that if bentonite or tannic acid are used, adequate time in conditioning should be
given to allow settlement of the materials formed by their addition. Failure to provide
adequate settling time will have an adverse effect on subsequent filtration processes.
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