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A comparison of the fining and gelation behaviour of kappa carrageenan suggested that folding of
the polymer into a helical conformation is an essential element in the mechanism of copper fining
action. Factors which destabilise or prevent the formation of helices result in the reduction or
removal of fining action. Finning trials with kappa, iota and lambda carrageenan suggested that fining
performance decreased with increasing carrageenan sulphate content. Carrageenan mediated clari-
fication of dialysed wort preparations exhibited a specific requirement for the presence of potassium
ions. The deterioration of fining action Iin worts at acidic pH was attributed to failure of helix
formation rather than chemical changes in the structure of the carrageenan molecule.
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INTRODUCTION

Carrageenan is a polysaccharide preparation derived from
members of the families Gigartinaceae and Solieriaceae (red
algae) and is widely employed as a process aid*'® or as stabi-
lising and texture forming agents in the food and beverage
industries. The food functional properties of carrageenan are
derived from the ability of the polysaccharide to form thermo-
reversible gels (gelation) and to interact with proteins. For
example, carrageenan protein reactivity is exploited in products
such as UHT and evaporated milk to prevent calcium induced
precipitation of proteins (casein) during processing. In contrast
the function of carrageenan within the beer brewing industry is
to enhance precipitation and flocculation processes. This is
achieved through the addition of carragecnan preparations
(termed copper fining agents) to wort at or near the end of
wort boiling and results in increased amounts of precipi-
tation'' and flocculation of polypeptide and polyphenolic
material (cold break or trub) during wort cooling'®'!!2,
Improvements in cold wort clarity mediated by copper finings
impact on both processing efficiency and product quality.
The clarity of wort directly influences downstream filtration
and fining characteristics of beer'®, The enhanced removal of
particulate material from wort by copper fining results in a
reduction in filter loading, an increase in filter throughput” and
prevents the passage of fine particulate material into the
finished beer'®. Beers brewed from copper fined worts also
exhibit a reduced susceptibility to the development of non-
microbiological induced turbidity (non-biological haze). The
formation of this material is one of the determinants that limit
product shelflife in small volume packaged beer. The use of
copper finings if therefore of positive benefit to the main-
tenance of beer quality and retail potential.

The principal component of commercial copper finings is
kappa (x) carrageenan, a sulphated polysaccharide polymer in
which residues of 3 linked B-D-galactose alternate with
residues of 4-linked 3,6-anhydro-a-D-galactose. Refined x-
carrageenan is sulphated at position 4 of the B-D-galactose
constituent. The mechanism of interaction of carrageenan
with wort polypeptide material is currently unknown. One
speculative but widely accepted model'* envisages electrostatic

interaction between positively charged amino acid side chains
(lysine, arginine and histidine) on polypeptide material and
negatively charged sulphonyl groups of carrageenan. However,
in a previous study® it was demonstrated that the pH depend-
ent characteristics of fining action are inconsistent with such a
simple model of electrostatic interaction. Alternative mechan-
isms of fining action such as bridging of negatively charged
residues on wort polypeptide material and carrageenan by
divalent metal cations or conformational folding of carra-
geenan, may account for the observed variation in fining
performance with wort pH.

The absence of an understanding of the mechanism of
fining action prevents any rational assessment of the control or
design of improved wort clarification processes. This paper
presents experimental evidence to support a new interpretation
of copper fining action.

MATERIALS AND METHODS

Sources of Carrageenan

Commercial copper fining agents (comprising kappa (x)
carrageenan) and samples of iota (1) and lambda (M) carra-
geenan were supplied by Savilles Clarification. In order to
facilitate small scale copper fining trials and to ensure sample
homogeneity, the copper fining samples were prepared as
0.25% wlv solutions by solubilisation of material in distilled
water at 70-80°C.

Production of laboratory worts

Worts were produced from three commercial varieties of ale
malt (Pipkin, Alexis and Halcyon). Samples of malt (1 kg)
were milled in a hand coffee grinder and were mashed in
brewing liquor at a liquor:grist ratio of 3:1. The mash was
incubated with stirring for a hour at 65°C and then wort was
separated from the mash using a stainless steel sieve. The wort
was boiled for 1 hour together with a pelletised hop prepar-
ation (6.5% w/w « acid) in a round bottom vessel fitted with a
reflux condenser to control and limit evaporative losses (5% by
volume). The boiled wort was filtered through a bed of cotton
wool to remove hot break prior to copper fining trials. Mani-
pulation of the pH of wort was conducted on filtered wort



286

using either phosphoric acid or sodium hydroxide. All pH
measurements were conducted using an electrode having facili-
ties for temperature compensation.

High molecular mass wort material was prepared by dialysis
of wort against distilled water using membranes with a
nominal molecular mass cut-off of Mr 5000-10 000 (Medicell
International Ltd) and at @ minimum sample:dialysate volume
ratio of 1:10. Dialysis was continued for 48 hours at 4°C
against several changes of distilled water and the dialysis
retentate was lyophilised and stored at — 20°C.

Assessment of copper fining performance

Samples of boiled and filtered wort were aliquoted into 100
ml stoppered measuring cylinders followed by the addition of
copper finings (dosage 0-50 mll). The wort temperature at
which finings were added was approximately 80°C. The con-
tents of the measuring cylinders were mixed thoroughly and
allowed to stand in a vessel of cold water overnight. Cold wort
clarity was assessed visually and scored on a scale A-E (where
A = maximum clarity). The % volume occupied by sediment
cold trub was estimated directly in the measuring cylinder.

Aliquots of fined and control (unfined) worts (2 ml) were
sampled at the liquid surface in the measuring cylinders and
the turbidity assessed by measurement of the absorbance at
600 nm in an Ultrospec 111 (Pharmacia Biotechnology) relative
to a distilled water blank. A sample of unfined wort was
filtered through glass fibre sheet to provide a control in order
to account for the contribution of wort colour to absorbance
measurements.

RESULTS

The deterioration in copper fining performance in worts of
decreasing values of wort pH? suggested that changes in the
molecular structure or composition of carrageenan or wort
polypeptide material may prevent effective mutual interaction
and flocculation processes. For example the 3,6 linkage in the
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anhydrogalactose units of kappa (x) carrageenan is considered
to be acid labile and unstable at values of pH <6>*'%, The rate
of bond cleavage is a function of the duration of exposure to
acidic conditions and the temperature of the system®%', In
order to test this hypothesis initial experiments were conducted
in which copper finings were added to batches of acidified
wort at a range of temperatures (20, 40, 50 60°C) in order to
introduce differential exposure to potentially denaturing con-
ditions. The results (Table I) demonstrated that copper fining
performance was poor for each temperature of addition. This
experimental approach is however compromised by the initial
temperature conditions since the lower temperature values are
close to or below the temperature threshold for transitions of
carrageenan structure (see Discussion). Therefore in an alter-
native experimental approach, two batches of copper finings
were solubilised in 50 mM sodium citrate pH 4.5 and sodium
phosphate pH 7.0 buffers respectively and incubated at 80°C
for periods of 60 minutes prior to addition to samples of a
control wort (pH 5.3). The addition of these copper fining
preparations did not significantly alter wort pH. The results
(Table 1I) demonstrated that the fining ability of all carra-
geenan preparations was virtually unchanged from that of a
control sample (carrageenan solubilised in distilled water).

Fining trials were also conducted with different carrageenan
samples to determine whether differences in carrageenan mole-
cular structure may be significant in determining fining action.
Solutions of (kappa (x), iota (1) and lambda (A) carrageenan
(0.25% wlv, prepared as described in Materials and Methods)
were individually added to samples of an all malt laboratory
wort (dosage 0-50 mg/l). The results (Table 1II) demonstrated
that 1-carrageenan exhibited partial clarification of wort
relative to the positive control (x-carrageenan) where
A-carrageenan displayed no fining action.

In a further series of fining trials investigations were made
of the influence of metal cations on the fining behaviour of
dialysed wort preparations. Batches of laboratory wort were
dialysed against deionised water (resistivity 18 M£2) to remove
all low molecular mass components. The dialysis retentate was

TABLE I The effect of initial temperature conditions on the fining behaviour of acidified (pH 4.5) wort
Temperature
of addition
°C 20 40 60 80
Sediment Sediment Sediment Sediment
Dosage volume volume volume volume
mg/l Clarity Asoo Y% Clarity Ao % Clarity Ae0 % Clarity Ao %
0 E 0.485 1 E 0.521 1 E 0.576 ! E 0.518 1
5 E 0.387 5 E 0.541 | E 0.591 1 E 0.643 1
10 E 0.385 6 E 0.429 | E 0.640 | E 0.635 i
15 E 0.373 8 E 0.299 1 E 0.646 | E 0.652 ]
20 E 0.372 9 D 0.193 4 E 0.697 1 E 0.698 1
TABLE 1 The effect of solubilisation pH and extended high temperature incubation on the fining
performance of copper finings
Control pH4.6 pH 70
Sediment Sediment Sediment
Dosage Yolume Volume Volume
mg/l Clarity Ag Y Clarity Agoo Y% Clarity ~ Agpo %
0 E 0.394 1 E 0.361 | E 0.396 1
5 B 0.028 4 D 0.177 2 B 0.014 4
10 A 0.002 3 A 0.010 22 A 0.010 35
15 A 0.004 37 A 0.002 28 A 0.001 57
20 A 0.001 85 A 0.003 43 A 0.003 78
50 A 0.001 9 A 0 99 A 0.002 99










