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Streaming current measurement has been shown to be an effective tool in measuring the net charge

of beer particles. Using this method, it was demonstrated that non-microbiological particles of a

number of beers could be either positively or negatively charged. Copper fining has been shown to

significantly affect the net charge of the NMP in the resultant beer. Increasing the copper fining rate

enhances the negative net charge of the NMP to a limiting value at which the addition of further

copper finings has no effect. This is believed to correspond to the complete removal of all of the

positively charged NMP by copper fining. The reduction in pH during fermentation results in the

production of further positively charged NMP. The presence of positively charged NMP has been shown

to have an adverse effect on isinglass fining performance. These results suggest that choice of raw

materials and process conditions play as much of a role in defining fining performance as does careful

consideration of fining rates.
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Introduction

The objective of clarification processes in brewing is the con

trolled removal of microscopic particles (microbiological, i.e.,

yeast, and non-microbiological (NMP)) from wort and beer10.

Biochemical mediated methods of clarification are based on the

application of biopolymer flocculating agents that increase the

size of particles to facilitate settling or mechanical separation.

Thus, copper fining agents (K-carrageenan) are employed post-

wort boiling to aid flocculation of trub (cold break) and to limit

carry over of residual suspended particles into post fer

mentation processes'3, whilst isinglass finings are used to

remove yeast and NMP from beer1014.

The development and optimisation of fining methodologies

is hampered by the lack of understanding of the composition

and physicochemical behaviour of wort and beer particles. The

molecular mechanisms responsible for the action of floccu

lating agents are poorly understood, but are assumed to involve

electrostatic interactions between oppositely charged moieties.

For example, the surface of yeast cells is negatively charged and

is presumed to interact with positive charges present on

isinglass. In contrast, proteinaceous particles in wort and beer

are considered to be positively charged9-14 and interact with

negatively charged sites on carrageenan or auxiliary finings.

The surface charge of particles cannot be measured directly but

must be inferred from indirect measurements such as electro-

phoretic mobility, expressed as a zeta potential. In this paper

we describe the application of an alternative methodology to

investigate the charge characteristics of beer particles based on

the principle of streaming current measurements.

Charged colloidal particles are surrounded by a boundary

layer comprising a shell of counter-ions of opposite charge to

that of the particle. This boundary layer itself is enveloped by a

diffuse layer in which the solvated ions exhibit free mobility but

which also contain a greater concentration ofcounter-ions than

in bulk solution. These layers confer electrical neutrality to

particles in solution. However, if a charged particle is fixed in

position by adsorption to a suitable surface and is subjected to

a shear force such as a stream of solvent, then the outer diffuse

shell is disrupted. This disruption of charge produces a poten

tial difference, and if two electrodes are placed in the system, a

streaming current is produced. The magnitude of this current is

proportional to both the amount of particles present in the

system, and their net surface charge. This streaming current

potential is theoretically proportional to the zeta potential and

dielectric constant of the system, but inversely proportional to

the viscosity of the solvent. In practice factors such as con

ductivity, flow rate and temperature will also significantly

impact on experimental measurements8.

A typical commercial streaming current detection apparatus

comprises a vertical cylindrical chamber containing a piston

which is moved up and down at a constant frequency (typically

4 Hz). The walls of the chamber are constructed of Teflon

which provides a suitable surface for the immobilisation of

particles and soluble biopolymers. The distance between the

piston and the cylinder wall is within the range 20-900 um

depending upon the intended application. During operation,

the reciprocating movement of the piston induces a sinusoidal

current due to the changes in speed and direction of the piston.

The induced current is of an order of magnitude of nA. and is

detected by two silver electrodes located at each end of the

chamber. The polarity of the streaming current signal directly

indicates the sign of the net surface charge of the particles. The

magnitude of this charge may be estimated by titration of the

sample with a polyelectrolyte8. The end point of the titration is

signified by the disappearance of the electrical signal and

corresponds to the point at which the particles carry zero net

charge.

Studies on wine and fruit juice demonstrated good agree

ment between the optimum dose rate of clarification agents as

determined by standard jar-tests, and the amount of clari

fication agent required to neutralise the net charge of the liquor.

This finding was confirmed in beer, suggesting that streaming

current detection could be a useful tool in the investigation of

fining reactions1-. The objectives of this investigation are to

determine the net charges of beer particles, and to investigate

the factors that affect particle charge, and the effect of particle

charge on isinglass fining performance.

Materials and Methods

The streaming current detector used in this study was a

Mutek PCD02. The net charge of beer samples was determined

by titrating 10 ml of beer with 0.001N poly DADMAC (diallyl-

dimethylammonium chloride) or 0.001 N PVSK (potassium
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polyvinylsulphonate). All measurements were conducted on

samples that had been attemporated to 25°C.

Beers A-E were obtained from full production scale

commercial brews post fermentation. Beers A and B were

selected for detailed charge analysis, and each sample was
divided into two aliquots:

1. The first aliquot was left to stand at 0°C for 48 hours to

permit gravitational settling of yeast cells from the bulk of

the beer. This enabled the preparation of beer which was

free of yeast cells but which retained NMP. The sedimented

material was retained and supplied a stock supply of yeast

and NMP for subsequent addition to beer. The complete

removal of yeast from beer was demonstrated, and the

levels of yeast and NMP in the sediment was determined

by light microscopy using a Neubauer Haemocytometer in

conjunction with an Olympus CHA microscope, total

magnification x400.

2. The second aliquot of beer was filtered through glass fibre

filter paper (Whatman GF/B) to fully remove all yeast cells

and NMP. This was confirmed microscopically as above.

Beers F-J were produced on a laboratory scale (5 L) from

100% malt grists. Mashing was conducted with brewing liquor

at a liquor to grist ratio of 5:1 and the mash was stirred for 2

hours at 65°C. The wort was separated from the mash using a

stainless steel sieve and was boiled together with a pelletised

hop preparation (6.5%w/w alpha acid content) for I hour.

Aliquots (I L) were decanted and treated with a range of

copper fining doses (0-25 mg/L). The preparation of stock

solutions of copper finings is described in previous publi

cations456. Hot break was removed by sedimentation and the

supernatant wort was decanted and rapidly cooled under

running cold tap water. Cooled wort was pitched with a

commercial brewing yeast to give an initial yeast count of

5xl0('/mL and the wort fully fermented at a constant tem
perature of 12°C. Beer was cooled and stored for 48 hours at

0°C after which the beer was removed from the sedimented
yeast and NMP. The level and charge of the yeast and NMP in

the aliquots of beer fined at different copper fining rates was

determined as described above. Beer was then fined with

isinglass at 0.25 l/hl, and the EBC haze measured at 0°C after a

period of 24 hours using a Radiometer Haze Meter.

Risilis and Discussion

The charge characteristics of NMP in beer were investigated

by streaming current measurement of particle free beer and

normal particle containing beer. The magnitude of the net

negative charge in beers A and B (both of pH 4.0) which had

had yeast cells removed by gravitational settling but which still

contained NMP was greater than that of the corresponding

particle free beers. This suggests that at pH 4.0 NMP carry a

net negative charge. This is in contrast to the commonly held

belief that beer particles are exclusively positively charged14.

However, our results do not preclude the presence of positively

charged NMP or regions of positive charge on the surface of

individual NMP, but indicate that the particles carry an excess
of negative charge.

The relationship between net negative charge and beer

particle levels was further investigated in a series of experiments
in which stock suspensions of yeast cells and NMP were added

to beers that were either particle free or contained NMP only.

The resulting samples thus contained equivalent concentrations
of yeast cells but two levels of NMP, termed yeast+high NMP

and yeast + low NMP. This enabled an assessment of the relative
contribution of yeast cells and NMP to the charge

characteristics of beer, and an estimate of the net charge carried

by individual yeast cells and NMP. Plots of net negative charge

against yeast count for beers A and B were linear (Figures 1 and

2, r=>0.9). For each beer, the slopes of the plots for
yeast+high NMP and yeast+low NMP were almost identical,

with the plot for yeast + high NMP being negatively displaced
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Fig. I. The effect of yeast and NMP levels on the net charge of beer A.
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Fig. 2. The effect of yeast and NMP levels on the net charge of beer B.

by a constant amount due to the contribution of the NMP to

the overall net negative charge. The net charge of the yeast cells

may be estimated from the slope of plots of net charge against

yeast count. This yields values of -0.I1 ueq/106 cells and

-0.013 ueq/IO6 cells for the yeast of beers A and B respectively.

This difference in net surface charge of the yeast of the two

beers is consistent with charge differences associated with

different yeast strains115. The contribution of the NMP to the

net negative charge of the beer can be estimated from the

difference in the intercepts, extrapolated to zero yeast count, of

the plots of yeast+high NMP and yeast+low NMP against

total net charge.

As NMP are present in beer as a distribution of particles

ranging in size from >1 u to <30um, with the majority being

< 10 um"\ any assigned charge must of necessity be regarded as
an estimate of an average value. Nevertheless, even though not

ideal, such an imprecise value would allow the characterisation

of particles, and may aid the rational design of fining processes,

which are claimed to be based on charge interactions of fining

agents and beer particles. Given these limitations, the average

net charge of the NMP of beers A and B can be estimated

as -0.007 ueq/10'1 particles and -0.006 ueq/106 particles res

pectively.

Previous studies have suggested that the net charge of NMP

is influenced by copper fining performance12 and beer pH:, and

that NMP charge has a significant effect on isinglass fining

performance14. In order to determine the effect ofcopper fining

on the net charge of NMP, beers were prepared from a single

wort sample which had been divided into five aliquots, copper

fined at a range of rates and fermented. Analysis of the charge

characteristics of the resultant beers clearly demonstrated that

the NMP ofeach beer sample carried a net positive charge. The

magnitude of the positive charge decreased with increasing

copper fining rate to a limiting value, beyond which copper

fining rate has no effect. Table 1. Thus, even at low fining rates,






