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In the process engineering sub-steps of beer production, turbidity formation occurs during the brewing  
process. There may be several reasons for this, such as the precipitation of dissolved substances during  
the brewing process. However, it can also be caused by equipment malfunctions, for example malfunctions  
in filtration. This review examines what types of turbidity are present in beer, their origins and how they  
are currently measured. In order to better understand the process of turbidity, the physical meaning of  
turbidity will be highlighted. For this purpose, the scattering behaviour of a light beam hitting a particle will  
be explained. This is supplemented by a presentation of common measuring methods of such disperse-phase 
systems, which show how the particle size or particle size distribution can be determined and, if possible,  
also how to provide information about the particle composition. The focus is on static scatter measurement  
methods.
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1	 Introduction

As early as 1898, the brewing industry began to think about what a 
“brilliant beer” was. Thought was given to how a beer could always 
be produced in the same way and how it would remain clear. This 
approach has not changed until today. Various working groups 
have compiled the different turbidity substances [4, 68, 69]. In a 
retrospect, various causes of turbidity are listed, both biological 
and non-biological, which lead to instability in the beer. It also gives 
a general overview of the possible sources of turbidity in beer. In 
order to better understand the turbidity causing particles and their 
possible origin, it is necessary to know the composition of beer or 
beer extract. Beer with an original wort content of 12 % consists 
of 4 – 4.5 % extract, 3.8 – 4.2 % alcohol, 0.42 – 0.55 % carbonic acid 
and 90 – 92 % water. The average composition of the beer extract 
includes 80 – 85 % carbohydrates, 4.5 – 5.2 % protein, 3 – 5 % 
glycerine, 3 – 4 % minerals, 2 – 3 % bitter, tanning and colouring 
agents, 0.7 – 1 % organic acids and small amounts of vitamins 
[18, 50]. Proteins, polyphenols and carbohydrates are listed as 
the most frequent causes of turbidity [6, 15, 30, 50, 67–69]. Other 
substances can also manifest as turbidity, such as metals [3, 23, 
30, 49], so-called bits which are precipitates through interactions 
between isinglass fining material and foam stabilizer materials [4, 
68], filter auxiliary materials [4, 30, 50], living and dead microbes 
[4, 26, 52] and oxalates [4, 50, 68]. A further classification differenti-
ates chill haze and permanent turbidity [4, 30, 50, 83].

1.1	 Colloidal Dispersions (Turbidity)

The word colloid derives from the Greek word “kolla” which means 
glue. The term dispersion is characterized as a two-phase system 
with finely divided solids in a liquid [76]. We speak of a colloid if 
one of its spatial dimensions is smaller than 1 mm. The lower limit 
is at about 1 nm, below which one speaks of real solutions (IUPAC 
definition) [21, 82]. In colloidal dispersions, the surface properties 
dominate the solid state properties [21]. The particles first present 
as molecules in the dispersion medium are subject to movement. 
When these particles collide, they grow into colloids, which leads 
to an increase in the degree of dispersion. The particle growth is 
influenced by Brownian motion [21, 50]. The brewing water, the 
clear wort or the filtered beer are the dispersing agents, the turbidi-
fiers are the colloidal particles. 

1.2	 Chill Haze

Chill haze is the colloidal turbidity that occurs when the beer 
is cooled. It is particularly important for the brewer to know the 
mechanisms of chill haze since it is considered as a preliminary 
stage of permanent haze. Chill haze occurs when loose bonds 
of higher-value protein degradation products interact with highly 
condensed polyphenols, to which small amounts of carbohydrates 
and minerals are attached [30, 31]. When heated, these will dis-
solve again. The formation of turbidity is promoted by a decrease 
in temperature, the oxidation of the beer, the presence of heavy 
metal ions of the elements Cu and Fe, the movement of the beer 
and light [11, 30, 40, 83].

1.3	 Permanent Haze

The chill haze changes over time into a permanent haze. This time 
can vary significantly depending on type of beer, the selected fill-
ing container and the storage conditions. Due to these influences, 
permanent haze occurs several weeks after bottling [4, 30, 31, 
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49, 65, 69]. The polyphenol flavan-3-ol with the protein proline as 
coupling partner [6, 30, 54, 55], but also α- and β-glucans [47, 50, 
67] are considered to be the primary source for colloidal turbidity.

1.4	 Proteins & Polyphenols (Tannins)

The reason for a large part of the organic turbidity lies in the prefer-
ence of proteins to bind to polyphenols [65]. Both polymerize. The 
peptide proline stands out in the process [6, 65]. The turbidity is 
strongly dependent on the protein concentration [79]. It has been 
shown that beverages with a high proline and polyphenol content 
are more prone to turbidity than beverages containing only one of 
the two components [6, 51]. There are models that describe the 
process of precipitation and the interaction between polyphenol 
and the protein or specifically that of a tannin flavan-3-ol and 
L-proline [54–56]. Various parameters can have an influence on 
this behaviour, e.g. the concentration of reactants or the alcohol 
content. Both influence the structure of the polymeric compound 
[40], so that the interaction of both components can lead to turbidity.

1.5	 Carbohydrates / Starch (Saccharides)

Carbohydrates can also be responsible for visible turbidity in beer. 
In addition to β-glucans and pentosans, beer also contains their 
degradation products as well as oligosaccharides, which are present 
in colloidal form [9, 27, 50]. The molecular weight of β-glucan can 
reach orders of magnitude which enabler scattering of light due 
to its size alone [24, 47, 67, 71].

1.6	 Metals

The metals as such are not visible as pure elements. However, 
their ions have an oxidation catalytic effect on the beer [23, 30, 50] 
and their oxidation products then become visible as turbidity. They 
also have a precipitating effect on protein particles [49–51]. Metal 
ions are a part of hops and malt, and are furthermore introduced 
into the brewing process via the brewing water [23,30, 50].

1.7	 Stabilizers and Filter Materials

Most of the inorganic particles in beer originate from stabilisation 
and filtration aids used to obtain a very high beer quality. [3, 8, 
30, 44, 50, 59]. They can then occur in the beer as turbidity if the 
stabilization agents have not been sufficiently removed through 
filtration [50, 59, 68].

1.8	 Calcium Oxalates

The oxalate turbidity is caused by the precipitation of calcium 
oxalate in crystalline or amorphous form [50, 68]. Oxalic acid from 
the malt reacts with the calcium ions from the brewing water and 
is then present in the beer as turbidity or as a source of germina-
tion [28, 35]. 

1.9	 Microbes 

Microorganisms that are able to grow in beer can cause turbidity. 
Their number is low, since the ambient conditions in the beer do 
not allow for a development suitable for microorganisms. These 

include the alcohol content, carbonic acid content, bitter sub-
stances, low pH value, anaerobic conditions, lack of carbon and 
nitrogen sources and low temperatures during the process. These 
limit the possibility of beer lactic acid bacteria, beer pediococci, 
gram-negative bacteria and fermenting yeasts in beer to develop 
[50]. If it does happen, it takes some time for the turbidity to hit 
[26, 50, 52].

2	 Methods for the Detection of Turbidity

In the MEBAK (Methodensammlung der Mitteleuropäischen 
Brautechnischen Analysekommission / collection of methods of 
the Central European Brewing Technical Analysis Commission) 
you will find the methods currently used to carry out turbidity 
measurements in beer [42]. So far a complete compilation of the 
various ways of identifying the type of turbidity in beer has not 
been published [20, 48]. Reference is made here to a summary 
of methods for particle analysis and for monitoring biological and 
synthetic processes. This list contains all currently relevant particle 
analysis measurement techniques used in process monitoring [5, 
33]. Identification is carried out by optical, electrical, enzymatic, 
microscopic or wet-chemical measuring methods. These methods 
usually involve considerable analytical effort.

2.1	 Optical Measurement Methods

Light, neutron and X-ray scattering methods are used extensively to 
study the structure and dynamics of particles and macromolecules 
in multicomponent systems. The momentum (dipole moment) and 
the energy difference between the scattered light and the incident 
light are used to characterize the structure and dynamics of the 
measured material. Since scatter measurement techniques are 
non-destructive, they are very well suited for inline/online meas-
urements. There are four methods primarily used for scattering 
measurements: Static light scattering (SLS), dynamic light scattering 
(DLS), turbidimetry and diffractometry, with which the turbidity can 
be analysed. These measurements help to determine the number, 
the diameter or both scales of a particle system. The measuring 
methods provide versatile application options. Measurements of 
elastic scattered light are compared with computer-aided models 
to determine the optically measured degree of beer turbidity [1, 16]. 
Different measuring angles are used for this purpose [60]. Dynamic 
light scattering is used for filter monitoring during beer production 
[29, 64]. Even highly disperse media can be monitored [70]. The 
turbidity perceived with the eye is thus scientifically quantified 
[10]. The colour of the wort is ensured through optical methods 
by measuring the optical density with a specific wavelength that 
correlates with the associated EBC value [13] which can be meas-
ured together with the turbidity, consequently the long-term stability 
of beer can also be improved [17]. Different optical measuring 
methods to measure the beer turbidity are described [48], also the 
possibility to combine different optical measuring techniques with 
each other [77]. A product-friendly measurement of the particle size 
is possible [74]. Dynamic light scattering methods [39] and static 
methods [33] can be used to predict the coloration in an emulsion 
[37] and the particle size. Anything that differs as refraction from 
its surroundings can be measured, e.g. silicone networks [2], 
phenols and proteins [12, 66, 73], latex particles [19, 46]. Optical 
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measuring methods even make it possible to identify pollen in the 
air [72]. Microcrystalline cellulose structures of chemically pro-
duced nanomaterials [61] are also measured with this technique. 
The measurement of individual particles is also carried out using 
optical methods [62]. For a better overview there is a summarizing 
comparison of the different measuring methods and different fields 
of application [5, 33, 75].

2.2	 Coulter Counter

A coulter counter is a measuring device for measuring the number 
of particles in an electrically conductive liquid. It measures the 
change in the electric field as a particle passes a channel. With 
this measuring technique, individual particles can be measured 
and observed over a long period of time [5, 45, 75].

2.3	 Gel Permeation Chromatography

In gel permeation chromatography, particles separate due to their 
size in a column filled with gel. This method is mainly used in the 
chemical industry as a tool for quality control, but is not suitable 
as a tool for an in/online measuring system [5, 20, 38, 57]. With 
this method, the sample is lost and can no longer be used. It’s a 
destructive material testing procedure.

2.4	 Gel Electrophoresis

In gel electrophoresis, the sample passes through a gel in an ionic 
buffer solution to which an electric field is applied. Particles move 
through the electric field at different speeds depending on their 
size and charge. This makes it easy to measure macromolecules 
such as proteins; however, online measurement is not possible 
with this method [20, 25, 63].

2.5	 Enzymatic Turbidity Identification

Enzymatic turbidity identification can be used for biological particle 
characterization when molecules are difficult to separate from 
each other in the liquid phase. Accordingly specific enzymes are 
added to the sample [20, 47] to separate and identify the different 
particle species.

2.6	 Microscopic Turbidity Identification

With microscopic measurement, particles in beer can be recorded 
and displayed as an image. This method is well suited visualize 

the shape of a single particle. An online approach is conceivable, 
but difficult to implement [20, 80].

There are other methods to characterize particles [5] such as 
sedimentation, centrifugation, sieving, filtration, ultrasonic measure-
ments, field-flow fractionation, velocimetry, which are not further 
discussed here. 

3	 Static Light Scattering

The study of the scattering of light and its applications cover a 
very wide area. Static light scattering is used as a tool to obtain 
information about particle sizes. The scattering of light at colloidal 
dispersions is measured and evaluated within the classical theory 
of wave properties of light and electromagnetic waves [7]. When 
describing optical phenomena towards the end of the 17th century, 
Huygens had proposed a model to describe the propagation of light 
via a wave approach in analogy to the propagation of sound waves 
[81]. The Huygens’ principle states that every point on a primary 
wavefront serves itself as the source of a secondary elementary 
wave. These waves propagate according to the composition of the 
medium. In a homogeneous, isotropic medium, the elementary 
waves are spherical waves. The foremost line of the elementary 
wave is thus the wavefront of light [81]. This approach says noth-
ing about the diffractive effect of the medium itself. Fresnel was 
able to extend Huygens’ principle. He replaced the concept of the 
enveloping elementary wave with a calculation rule. The Huygens-
Fresnel principle states that the light field at a point P is formed by 
summation of the amplitude and phase of all contributions originat-
ing from the elementary waves. In his treatise Fresnel introduced 
a "deflection angle" as a factor, the exact form of which Kirchhoff 
first specified. Fresnel's description correctly reflects a variety of 
diffraction phenomena. The polarization-dependent reflectivity, 
described by Malus, as well as the discovery of the interference 
principle and the transversality of light waves by Young, were further 
pillars of wave theory [81]. Many special cases had already been 
described, which Maxwell summarized with four equations. Maxwell 
combined Ampere's law and Gauss's law with the induction law 
and additionally introduced the displacement current in order not 
to violate the continuity equation [32, 36].

The starting point for investigating the scattering of light by a particle 
is the study of irradiation passing through an optically transpar-
ent plate, shown in figure 1. An incident wave EW meets a denser 
medium. At the plate border a part of the wave is reflected while 

the rest penetrates through the 
border surface. On the opposite 
side the same interaction occurs, 
part of the penetrating wave is 
reflected, the rest penetrates the 
second side of the plate and exits. 
The emerging wave is regarded as 
the transmitting part of the wave. 
The incident wave EW is treated 
the same for both the plate and the 
particle. What is described for the 
plate as reflection and transmis-
sion is summarized as scattering Fig. 1	 Analogy between incident light on a plate and a particle 
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wave ES for the particle. What is the refraction for the plate is 
considered an internal field for the particle. Thus, in analogy to the 
equations for the plate, Maxwell’s equations can be established 
which describe the scattering at the particle. In order to make the 
observation as simple as possible, the resulting electric field ES and 
magnetic field HS are broken down into their Fourier components, 
which are plane waves. The absorption scattering problem can be 
solved by superposition independently of the illumination of the 
particles. The field inside the particle is described with (E1, H1). 
The field (E2, H2) of the surrounding medium is the superposition 
of the incident field (EW, HW) and the scattering field (ES, HS), as 
described in equation 1 [7].

 

                (Eq. 1)

The wave factor k corresponds to the surrounding medium, with the 
angular frequency ω which is defined temporally by t and spatially 
by x. The imaginary part of the wave is taken into consideration 
by the term i. Maxwell's equations must be fulfilled at all points 
where the field constant ε and the permeability μ are constant. 
Any vector field that has no deviation and satisfies the vector wave 
equation can be considered an electric field. At the transition of the 
phase boundary between particle and medium there is a change 
of properties and thus also for ε and μ. The following boundary 
conditions apply at such a transition point,

                           (Eq. 2)

where ń is the outward-pointing normal perpendicular to the outer 
surface A of the particle. These boundary conditions are the 
prerequisites for the tangential components E and H to be con-
tinuous across the boundaries. Equation 2 is the condition for the 
superposition of all points distributed over the boundary surface. 
It is necessary to assume plane, monochromatic waves. A random 
polarization can be seen as a superposition of two orthogonal po-
larization states. With this assumption, each scattering problem has 
to be solved only twice in order to determine the random scattering 
with a random polarization with a given wave propagation. At this 
point Stokes parameters are introduced, as shown in equation 3. 
This description of the states is more than a mathematical tool, it 
can be used to make polarizers that can let one of the components 
described here pass and filter the others [7].

                         (Eq. 3)

The irradiance I often casually also called light intensity corre-
sponds to the intensity without a polarizer, the parameters Q,U,V 
represent different settings with polarizers and the total transmis-
sive radiation depending on these settings. E‌‌||,┴ stands for the 
luminous intensity of the parallel and perpendicular polarization in 

front of the polarizer, E‌‌||,┴* correspondingly after the polarizer. The 
phase δ is the difference between the two polarization directions. 
The Stokes parameters can be used to describe the processes 
involved in the scattering of a monochrome wave on a particle, 
as illustrated in figure 2 [7]. The direction of propagation of the 
incoming electromagnetic wave is in the direction of the positive 
z-axis, also called the forward direction selected as the 0-point of 
the Cartesian coordinate system. Any point in the particle may be 
selected as the 0-point of the Cartesian coordinate system. The 
x-axis and the y-axis are orthogonal to the z-axis and to each other 
but otherwise randomly aligned. For each direction an orthonormal 
vector éx, éy, éz in the respective positive directions of the axes 
x, y, z is applied to these. The scattering plane is defined by the 
scattering direction ér and the forward direction éz. The scattering 
plane is clearly determined by the azimuth angle ϕ except when 
ér runs parallel to the z-axis. In its two states ér = ± éz, each plane 
containing the z-axis is a suitable scattering plane. It is practical 
to decompose the incident electromagnetic field EW, which lies 
in the y, x plane, into its parallel and perpendicular components. 
This case is based on the solution of Maxwell's equation for an 
electromagnetic wave, adapted with the polarization data of the 
electric fields of the electromagnetic wave, written with its unit 
vectors. Since it is very difficult to make measurements for all 
values of θ and ϕ, as it would be necessary to measure the light 
scattered in all directions for two polarizations, the Stokes factors 
are used and assumptions are made that allow to measure the 
scattered field.

The elements S, SW, SS and Sext are solutions of Poynting vectors. 
The electromagnetic field within the particle and its scattering can 

Fig. 2	 Scattering at a random particle, after [7]
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be described by a Poynting vector. To describe the points outside 
the particle, equation 4, the time-averaged Poynting vector S, is 
used [7].

 

 

 

 
                   (Eq. 4)

4	 Mie Theory

Perhaps the most important, exactly solvable problem in particle 
theory is the scattering at a sphere with a random radius and 
refractive index. The solution to this problem has long since been 
derived, its practical use only became apparent with the invention 
of powerful computers [7]. Mie theory is a mathematical model that 
describes the scattering of light by particles when the particle size 
and wavelength of light have similar dimensions [14, 22, 34, 41, 
43]. The incident plane wave and the scattered electromagnetic 
field are described as a series of spherical wave functions. The 
scattered waves are divided into three categories: the incoming 
wave with field (E1, H1), the electromagnetic wave within the par-
ticle with field (E2, H2) and the scattered wave with field (E3, H3). 
The incoming wave is defined in polar coordinates. For the waves 
within the sphere and the scattered waves, the electromagnetic 
fields are defined with the Hertz Debey potential π. This potential 
is expressed by a sequential approach based on the Legendre 
polynomial Pn

(m) (co s θ) and the Ricatti-Bessel functions Ψn and 
Xn [34, 41, 58, 78] represented in the equation 5.

 

 
						           (Eq. 5)

The coefficients am, bm, cn and dn are scattering coefficients. In order 
to describe these, the Ricatti-Bessel functions are required. The 
Ricatti-Bessel functions are derived from the Bessel and Neumann 
equation J(n+1/2) and N(n+1/2). The function h(kr) displays a singularity 
at point kr = 0. Only the Ψ(kr) values are used to display the wave 
within the sphere. This is possible by a special linear combination. 
If cn = 1 and dn = i the Hankel function approaches H infinitely. 
Both parameters can be derived from the sphere radius r, the 
light wavelength λ, the refractive index of the sphere ń1 = n1+ ik1 
and the refractive index n2 of the surrounding medium [58, 78]. 
Thus the scattering coefficients am, bm, cn and dn can be described. 
Here am and bm are the coefficients for the scattering wave outside 

the particle, cn  and dn are the coefficients of the wave inside the 
particle as shown in equation 6.

        (Eq. 6)

The dashes on the functions in the equation mean partial deriva-
tions according to the argument of the respective function [7,78]. A 
distinction is also made between near-field and far-field scattering 
waves. The radial components of the scatter field decrease quad-
ratically depending on the radius (α r-2), the orthogonal component 
decreases linearly depending on the radius (α r-1). Thus, the wave 
is recognized as purely transverse at a large distance. With this 
assumption it is possible to determine the scattering coefficients 
am and bm of all measurable quantities related to the scattering and 
absorption of the particle, including the scattering matrix around 
the particle [7]. For this purpose, it is assumed that the series 
development of the scatter field converges. The series can be 
terminated after a certain number of m – terms. The error caused 
by the termination is very small, for all kr, if there are enough steps 
m. This results in θ = 0 for the elements S1,2 of the scatter matrix 
in forward direction with, as described in equation 7.

						            (Eq. 7)

Thus the scatter matrix for the consideration of the incident wave 
can be simplified and can be rewritten with terms for the series 
development to equation 8.

| | | | | |

    	
						            (Eq. 8)

5	 Examples for the application of Mie simula- 
	 tions

The mathematical modelling of real systems is becoming more 
and more important, as it enables preliminary considerations to 
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Fig. 3	 Simulated and measured backscatter pattern of polystyrene particles. Diameter 
of the particles 500 nm and 1000 nm, according to [73]

Fig. 4	 Simulated and measured backscatter pattern of wheat proteins according to [73]

Fig. 5	 Recursion of measured monodisperse polystyrene particles, with diameter 0.5 
µm, measured in backscatter based on Mie scattering [73]

be carried out cost-effectively and relatively 
simply. In this review the simulation program 
MiePlot is used [53]. The scattering depends 
on the incident light wave, the refractive index 
of the scattering medium and the surrounding 
system, the scattering angle and the particle 
size. For the simulation, this means that all 
but one of these variables are kept constant 
and one is varied within a specified range. The 
program performs numerical simulation calcu-
lations according to Mie theory, based on the 
explanations of Bohr and Huffmann [7]. This 
will be illustrated by two particle types: mono-
disperse, spherical polystyrene particles and 
precipitated wheat protein particles. The exact 
description of the simulation and the meas-
urement procedure can be found here [73]. 
The backscatter pattern for polychrome light 
is examined. The scattering angle remains 
constant. For the simulation of the particles 
backscattering is assumed in an angle range 
of 170° to 180°. Figure 3 shows the result 
for this observation case for two particle 
sizes for illustration with measured values of 
polystyrene recorded in backscattering. The 
number of peaks increases with increasing 
particle size. The illustration shows that the 
distinct frequencies of polychrome light are 
scattered differently which demonstrates the 
principle behind elastic, static light scattering. 
Elastic implies the scattered light is diffracted 
differently depending on the wavelength and 
the particle size, however there is no excitation 
or emission at the scattering medium. These 
changes in the diffraction can be measured 
by SLS – probe.

Even if Mie theory has ideal spheres as a 
basis for calculation, it can also be used to 
measure particles that are not entirely spheri-
cal. Protein particles are not quite round in 
shape, they are slightly elliptical, but it is 
also possible to compare the measurements 
with simulations, as shown in figure 4. The 
generation of these wheat protein particles 
is described elsewhere [73].

In order to be able to carry out the later 
prediction of the particle size, a refractive 
index-dependent database must be created, 
i.e. the refractive index of the particles to be 
measured must be known. Figure 5 shows an 
example of such a recursion of the measured 
data compared to the simulated data, in ad-
dition to the trace and linear reconstruction 
of the least squares.

The individual curves that contribute to the lin-
ear reconstruction are visualized. In addition, 
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a histogram can be seen showing the particle size determined in 
the reconstruction. In this histogram, which is located at the bottom 
of figure 5, the particle sizes determined on the basis of recursion 
are displayed. The peak value 0.47 indicates that the measured 
curve has its closest match with the curve for a diameter of 0.47 µm 
from the simulation database. The values 1.09, 1.17, and 0.99 are 
also given as possible particle diameters, but can be excluded due 
to their very insignificant participation in the prediction. Although 
the peaks are slightly shifted, the number of peaks is similar and 
their simulated and analysed wavelengths correlate. A recursion 
can be used to determine the match. The recursion shows the 
repetition of the measurement curve with the simulated curve. For 
this purpose, the measured data is processed and compared on 
the basis of a recursion with a previously created scatter curve 
database based on Mie theory.

6	 Conclusion 

With the ability to measure and simulate particles, it is possible 
to perform recursions. For this purpose, the measured data are 
approximated in the form of a mathematical treatment. The ap-
proximation of a measurement curve describes the procedure for 
regression of a function curve to a data field. Different models 
can be applied depending on the type of data field. In order to 
increase the quality of the fit, a model is first selected that best 
describes the data field, such as a linear, polynomial or sinusoi-
dal model. These models can be expressed by general function 
equations. The aim of the approximation is to determine the co-
efficients so that the deviation from the measured data points is 
minimal. A frequently used method is the least squares method. 
To quantify the quality of the fit, the Mean Squared Error (MSE) 
can be calculated. The smaller the MSE, the better the quality 
of the fit. Since an absolute value is formed here, it cannot be 
compared with the MSE of the approximation of another data set. 
Boundary conditions could be added that require the solution to 
be a specially ordered set. If no similarity is detected here, the 
process will not run as desired. Similarly, multimodal systems can 
be described by changing the boundary conditions by combining 
learning algorithms. The limitation for such particle size measure-
ments lies in the physics behind the Mie theory in combination 
with the test setup used. Currently only particles between 200 
nm and 1000 nm can be measured. To measure particles out of 
this range, the associated mathematical models and theories for 
these size ranges must be stored and correlated in the program 
matrix. The particle size distribution in combination with the particle 
concentration, however, provides sufficient information for rapid 
monitoring of changes in overall quality. The small and simple 
design of the probe head allows easy integration into different 
process environments, e.g. into a continuous wort flow after the 
lauter stage. In addition, high pressures, high temperatures up 
to 180 °C or other CIP conditions do not affect the functionality of 
the probe head. The coupling of the sensor head to the electronic 
assembly by means of glass fibres separates the dry and wet 
areas of the device. The set-up described should now be tested 
in brewing environments in real time. Scattering measurement 
could also be used as a process tool for intermediate control of 
beer quality during filtration of the entire beer production process 
to monitor beer quality.

This paper explains the physical theoretical basis of the SLS and 
points out the potential for particle scattering measurements during 
the production of beer. With this approach different possibilities 
can be explored in order to develop inline or online backscattering 
systems for particle size analysis in liquid systems. This allows 
continuous monitoring of particle size as well as local and tempo-
ral concentration. In combination with other measured variables, 
such as temperature, pH value, oxygen concentration, etc., the 
measurement method presented here can help to monitor and 
control the brewing process.
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