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THE EFFECT OF WORT pH ON COPPER FINING PERFORMANCE
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Copper fining trials with ale and lager worts under conditions whereby the pH of wort was artificially
manipulated prior to fining, demonstrated that the optimal copper fining rate decreased with increasing
values of wort pH. Clarification of acidified worts (pH <4.5) was poor regardless of the rate of copper
finings addition. These results suggest that the mechanism of fining action cannot be explained by a
simple electrostatic model of interaction between positively charged groups present on wort poly-
peptides (lysine, arginine and histidine) and negatively charged sulphonyl groups of carrageenan.
Manipulation of wort pH may be exploited to ensure batch consistency in fining performance without
the requirement for variation in the rate of addition of copper finings.
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INTRODUCTION

The clarity of cold wort as assessed by empirical® and
particle content analyses's has been demonstrated to directly
influence the clarity of beer. Wort clarity is determined by the
content of suspended microscopic particles which result from
the precipitation and flocculation of polypeptide and poly-
phenolic material during wort boiling. Consequently, manipu-
lation of wort production processes which result in the
removal of these particles from wort will improve cold wort
clarity and therefore the quality of the finished beer.

Microscopic particles in wort may undergo further floccula-
tion processes to form macroscopic precipitates either during
wort boiling (termed hot break or hot trub) or during wort
cooling (cold break or cold trub). Precipitation and floccula-
tion processes leading to the formation of cold trub may be
enhanced through the addition to worl, at or near the end
of wort boiling, of carbohydrate polymers comprising B-D-
galactose 4 sulphate and 3,6-anhydro-o-galactose (carra-
geenan). This process, termed copper or kettle fining, results
in dramalic improvements in cold wort clarity compared to
unfined worts and confers several significant process benefits.
Reduction in the suspended particle content of cold wort
lessens the particle load applied during beer filtration and
yields improvements in post-filtration beer clarity. The
removal of particulate material from wort destined for the
production of cask conditioned beer may alleviate the require-
ments for auxiliary finings'>'¢ and reduce the level of isinglass
finings to achieve satisfactory beer clarification's. Copper
fining also results in an enhancement in the shelflife 1o the
finished beer through a reduced susceptibility to the develop-
ment of non-biological haze.

The mechanisms responsible for the action of copper fining
agents arc largely unknown. One widely accepted mode
of action of copper finings is that clectrostatic interaction
between negatively charged carrageenan molecules and posi-
tively charged wort polypeptide material results in aggre-
gation and co-precipitation of these compounds in cold trub’.
However, this explanation may be too simplistic and other
additional mechanisms such as hydrophobic binding have
been proposed's. There is some evidence to suggest that
copper fining agents selectively precipitate polypeptides that

are rich in the amino acid proline'*. This probably explains
the greater colloidal stability of beers produced from copper
fined worts since proline rich protein fractions have been
actively implicated in the formation of non-biological haze?.
Beers brewed from copper fined worts also retain good foam
stability characteristics. This has been interpreted as evidence
for the absence of interaction between copper finings and
hydrophobic polypeptide fractions's. This is potentially signi-
ficant as thesc polypeptide fractions are considered to play an
important role in stabilisation of beer foam!>®, Alternatively
this may reflect the relatively small increase in the cold break
precipitation of polypeptide material in copper fined worts'!
since several studies have demonstrated that the foam stability
of beer is proportional to the total content of beer poly-
peptide material’.

The current lack of understanding of the mechanisms
responsible for copper fining action prevents any rational
prediction of fining performance such that copper fining
regimes under current commercial brewing practice are largely
determined by empirical assessment of wort clarity. One
process variable that would be expected to influence copper
fining action is wort pH as this would directly affect electro-
static interaclion between carrageenan and wort polypeptide
material. The relationship between wort pH and copper fining
performance was therefore investigated to facilitate an under-
standing of the mechanisms of copper fining action.

MATERIALS AND METHODS

Production of wort

Ale and lager worts were obtained from several commercial
breweries. Laboratory worts were produced from a commer-
cial ale malt (Var. Pipkin). Samples of malt (1 kg) were milled
in a hand coffee grinder and were mashed in hot brewing
liquor (68°C) at a liquor:grist ratio of 3:1. Mashing was
continued for 1| hour, with stirring, at 65°C. Wort was
separated from the mash using a stainless steel sieve. The
wort was boiled for | hour together with pelletised hops in
a round bottom vessel fitted with a reflux condenser to
minimise evaporative losses.

Boiled wort was filtered through a bed of cotton wool to
remove hot break prior to copper fining trials. The pH of
both commercial and laboratory worts was manipulated at
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the end of wort boiling immediately prior 10 the addition of
copper fining agents cither through the addition of solutions
of sodium hydroxide or phosphoric acid. All pH
measurements were conducted using an electrode with
temperature compensation facilities.

Copper fining agentys

Copper fining trials were conducted with a purified granu-
lar carragecnan preparation (quality specification E407) or an
alkali washed semi-refined seaweed extract. In order to facili-
tate small scale copper fining trials and to ensure sample
homogencity, the copper fining samples were prepared as
solutions of 0.25% w/w refined (E407) and 0.5% wjw semi-
refined material.

Assessment of copper fining performance

Aliquots of boiled wort were transferred into 560 ml Duran
bottles and copper finings added (dosage rate 0-55 mg/l,
temperature of addition 100°C). The contents of the bottles
were mixed thoroughly and then allowed to stand for 10
minutes to permit the sedimentation of hot break. The wort
samples were then decanted and transferred into 100 ml
stoppered measuring cylinders. The samples were cooled for
15 minutes in cold water, with occasional mixing, and then
allowed 10 stand at ambient temperature for 12 hours. Cold
wort clarity was assessed visually and scored on a scale A-E
(where A =maximal clarity). The % volume of sedimented
cold trub was measured directly in the measuring cylinder.

RESULTS AND DISCUSSION

The effect of the variation in wort pH on the fining
performance of carrageenan copper fining agents was investi-
gated in a series of brewing trials by artificially manipulating
the pH of wort immediately prior to the addition of copper
finings. This experimental approach was designed to eliminate

TABLE 1. The effect of the addition of copper
fining agents on the pH of a

commercial wort

Copper fining rate mg/l Cold won pH
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any variation in results attributable to mashing or wort
boiling processes. Preliminary experiments also established
that addition of copper finings to wort did not significantly
alter cold wort pH (Table I) and therefore eliminated the
possibility of artefactual results which might compromise an
assessment of fining performance.

The results from fining trials with a number of laboratory
and commercial ale and lager worts using refined (Tables 11
and III) and semi-refined carrageenan (Table 1V) were con-
sistent and independent of the specifications of individual
wort samples (for example type of wort and original gravity).
In the absence of copper fining agents, all worts exhibited
poor cold wort clarity and volume of sediment (assessed as E,
0 respectively). Analysis of copper fined worts demonstrated
that cold wort clarity and sediment volume were dependent
on wort pH and the rate of addition of copper finings. Worts
with increasing values of pH required less copper finings
1o achieve a satisfactory level of clarification. In contrast,
decreasing the pH of wort resulted in poor clarification
characteristics and necessitated increasing the rate of addition
of copper finings to ensure satisfactory wort clarification.
However, at values of wort pH below approximately pH 4.5,
clarification of wort could not be cflected even by relutively
high doses of copper finings.

The results from the fining trials also demonstrated that for
worts of pH>4.5, increases in the rate of addition of copper
finings resulted in greater volumes of sedimented cold trub.
However. in commercial brewing practice, large quantities of
cold trub may account for unacceptable process losses, there-
fore for a particular wort the optimal rate of copper fining
addition is a compromise between maximal wort clarity and
the formation of minimal levels of cold trub sediment. The
results of this investigation demonstrated that the optimal
copper finings rate for a variety of commercial ale and lager
worts, decreased with increasing values of wort pH. The
magnitude of increase in wort pH to yield demonstrable
reductions in the optimal rate of copper fining addition was
small (0.1-0.3 pH units for example see Table 1I).

The relationship between wort pH and copper fining per-
formance has direct relevance to commercial brewing practice.
Variation in wort pH may occur in worts produced from
batches of identical grist compositions possibly as a con-
sequence of the metabolic activity of barley and malt micro-
flora®! or may arise from changes in brewing raw materials or

0 5.20 wort production processes. Manipulation of wort pH may
5 5.18 therefore be exploited to ensure batch consistency in fining
10 5.8 performance without the requirement for variation in the rate
20 5.20 of addition of copper finings and frequent fining optimisation
60 5.21 An understanding of the mechanism of fining action is
compromised by the poor current level of understanding of
TABLE H.  Fining trials with refined carrageenan in commercial worts
Optimal
Fining rate mg/l 20 25 30 35 40 45 fining rate
Wort Wort pH C S C S C S C S C S C S
Ale 4.4 E 0 — — E 0 — — E 0 — — -
0OG 1060 4.7 D 0 — - B 5 — — A/B 12 — — 40
5.0 A/B 8 A 10 — A 20 — — 30
5.3 A 10 — — A 28 — — A 28 — — 20
Ale 4.8 — — D | — — B 7 — — A/B 10 45
0OG 1055 5.0 — — B 8 — - A/B 10 ~ — A 17 35
5.1 — — A/B 10 — A 16 — — A 16 25
5.2 — — AB 1 — — A 17 — — A 20 25
Lager 4.7 C/D 1 — — B/C 4 - — B/C 12 — — 40
0OG 1060 54 B 10 — - A 18 - — A 45 — — 20

C =Cold wort clarity A-E: S=Sediment volume (ml).
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TABLE 111.  Fining trials with refined carrageenan in laboratory worts
Optimal
Fining rate mg;/l 5 10 15 50 fining rate
Wort Wort pH C S C S C S C S
Ale 438 E 2 E 2 C 5 A 22 50
1040 5.2 B 5 A 9 A 20 A 98 10
54 A 7 A 9 A 12 A 82 5
5.8 A 5 A 9 A 20 A 98 5
Ale 4.6 E 0 E 0 E | A 35 50
1041 5.3 C 6 B 8 A/B 16 A 36 15
58 B 9 A 39 A 90 A 99 5
6.1 B 7 A 82 A 98 A 99 5
C=Cold wort clarity A-E; S=Sediment volume (ml).
TABLE 1V. Fining trials with semi-refined carrageenan in a commercial wort
Optimal
Fining rate mg/l 40 45 50 55 fining rate
Wort pH C S C S C S C S
Ale 49 B 6 B 7 A/B 8 A/B 10 55
0OG 1055 5.1 A/B 8 A 10 A 11 A 14 45

C=Cold wort clarity A-E; §=Sediment volume (ml).

the structure and composition of high molecular mass nitro-
genous components (Mr>5000) in wort and beer. At the
commencement of wort boiling, true protein structures
derived from solubilised and partially degraded malt proteins
are present in the sweet (unboiled) wort. However, wort
boiling results in thermal denaturation of proteins by removal
of secondary and tertiary structure and promotes the for-
mation and flecculation of hydrophobic insoluble particles.
Wort boiling also enhances the formation of complexes
between carbohydrate and amino-contiaining compounds. The
composition of high molecular mass nitrogenous components
in hopped wort and beer may therefore comprise compounds
which retain elements of true protein structure®!® and struc-
tures comprising peptides cross-linked by carbohydrate®*.
For convenience the term polypeptide material is employed to
describe this material®,

The conventional model of fining action assumes clectro-
static interaction belween wort polypeptide material and
carrageenan. The charge characteristics of polypeptides are
derived from ionisable groups present on amino acid side-
chains. These may be divided into functional groups which
may be positive (lysine, arginine, histidine) or negatively
charged (glutamic acid, aspartic acid) according to the pH of
the environment. The net molecular charge of polypeptides at
a particular pH is determined by the balance of positive and
negatively charged residues. Studies on the amino acid com-
position of wort and beer polypeptides®" have charucterised
fractions containing relatively high contents of glutamic and
aspartic acid. The predominance of acidic amino acids prob-
ably explains the isoelectric point distribution of polypeptide
material in wort and beer (pI 4-6)*" and is an important
factor that largely determines the charge characteristics of
beer polypeptide material. Within the pH range of con-
ventional worts and beer (pH 3.5-5.5), the degree of negative
charge on sidechain (7. 8) carboxyl moicties of aspartic acid
and glutamic acid (pKa 3.9 and 4.3 respectively) and positive
charge on the imidazole group of histidine (pK 6.0) will be
significantly influenced by the pH of the system. In contrast,
the € amino group present in lysine (pK 10.5) and the
guanidinium group of arginine (pK 12.5) are almost fully
protonated at these pH values. The net charge characteristics

of polypeptide material in wort and beer are therefore deter-
mined principally by the degree of negative charge on glut-
amyl and aspartyl carboxyl groups. The sulphonyl groups of
carrageenan are strongly acidic and are fully dissociated
within the pH range 4-6. The negative charge characteristics
conferred by these functional groups to carrageenan are
therefore independent of pH within this range.

Variation in the pH of wort would only be expected
to influence the charge characteristics of wort polypeptide
material and this may account for the pH dependency of
copper fining performance. However, the results from fining
trials are inconsistent with a simple electrostatic model for the
interaction of polypeptide material and carrageenan mediated
via positive charges present on polypeptide material with
negatively charged carrageenan. Decreasing values of wort
pH would be expected to increase the overall positive
charge of polypeptide material and therefore increase positive:
negative clectrostatic interactions. This would be expected to
enhance copper fining performance and result in greater
degrees of precipitation of cold trub. Conversely increasing
values of wort pH would result in a reduction in overall
positive charge on polypeptide material and consequently
decrease electrostatic interaction between polypeptide material
and carrageenan and diminish fining performance. However,
the results from copper fining trials demonstrate inverse
behaviour from that predicted by a simple electrostatic model
of interaction. Our results do not exclude the possibility of
interaction between negatively charged moieties on both poly-
peptides and carrageenan mediated via positively charged
intermediaries (for example divalent metal cations®??). The
mechanism has been proposed to explain the calcium ion
dependence of interaction between carrageenan and o and f§
casein®'®. A model based on the presence of a charged
bridging molecule would prédict a reduction in interaction
between carrageenan and wort polypeptide material with
decreasing values of pH due to the protonation of negatively
charged moieties on wort polypeptides.

One possible interpretation of the relationship between
copper fining performance and wort pH may be related to the
secondary and tertiary structure of carrageenan. Carrageenan
from natural sources may be classified into three subclasses






