J. Inst. Brew., September-October 1997, Vol. 103, pp. 307-310

THE FORMATION OF HYDROGEN PEROXIDE DURING OXIDATION OF
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A brief treatment of malt slurry with acid inactivates many of the enzymes that degrade hydrogen
peroxide. It is then possible to show that hydrogen peroxide can be formed by some malt protein
fractions (especially those rich in free thiols), when heated or when subjected to intense illumination
by visible light. This reaction also occurs with other thiol-rich proteins. Blue light is most effective
whilst catalase but not superoxide dismutase, is able to inhibit the reaction.

Key Words: Beer staling, hydrogen peroxide, oxygen, thiol.

INTRODUCTION

Oxidative damage to proteins, lipids and other molecules
frequently occurs via activated oxygen intermediates and does
not involve molecular oxygen directly. These oxygen free radi-
cals are formed during partial reduction of molecular oxygen
and are much more reactive than dioxygen246.78.12.17.18.19,
These activated species of oxygen include superoxide, the
peroxides (of which hydrogen peroxide is one example) and the
hydroxyl radical.

The rapid oxidation of free thiol groups to form disulphide
cross-links can result in the concomitant formation, not only of
water as a by-product but also hydrogen peroxide'>%, This can
occur during heating or with catalysis by enzymes or metal ions.
Many barley proteins are characterised as being sulphur-rich®
and although these exist in unmalted grain in the oxidised form,
they become increasingly reduced during malting® Thus malt
proteins contain a high level of free thiol groups and oxidative
cross-linking of these can occur during mashing®222%. Whether
such changes during mashing generate water or hydrogen
peroxide as a by-product (Fig. 1), is clearly significant since in
the latter case there is potential for considerable damage to
other mash constituents such as flavour compounds.

Several lines of evidence suggest the involvement of oxygen
free radicals during oxidative changes whilst mashing. Beta-
glucanase stability increases if it is separated from peroxidase
activity and the powerful anti-oxidant sodium dithionite has
the same effect?*, Hydrogen peroxide can be formed if the thiols
of hordeins are oxidised quickly. Such rapid oxidation of free
thiol groups can occur during mashing and can be demon-
strated using the thiol indicator 5,5'-dithiobis (2-nitrobenzoic
acid) (DTNB). It has been speculated that this oxidation of
thiols may be one source of hydrogen peroxide?3.

Any hydrogen peroxide produced from malt constituents is
likely to be consumed very rapidly. Barley malt contains many
reduced compounds, such as polyphenols, and several enzymes
that would catalyse the breakdown or consumption of per-
oxide, such as catalase and peroxidases. Indeed the remarkably
high activity of the many peroxidase iso-enzymes in barley malt
is further, indirect, evidence for the involvement of hydrogen
peroxide in these reactions®'°. Thus, in order to stabilise the
formation of this peroxide it is necessary to separate it from
these réduced substances and to inactivate the relevant
enzymes.

This report describes the formation of hydrogen peroxide by
thiol-rich proteins, such as the malt hordeins, when subjected to
heating or to intense illumination by visible light.

MATERIALS AND METHODS
Egg albumin, bovine serum albumin, xylenol orange, N-ethyl

maleimide (NEM), catalase and superoxide dismutase were
obtained from the Sigma-Aldrich Company, Poole, Dorset,
UK. All other reagents were of AnalaR grade and obtained
from BDH, Poole, Dorset, UK. Wratten filters were obtained
from Kodak, Rochester, USA.

Protein fractions

These were prepared by a modification of the method of
Osborne?*. Malt (20 g) was milled in a coffee grinder with a
quantity of dry ice. After allowing the dry ice to sublime, the
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F1G. 1. The oxidative formation of disulphide bridges may form either
water or hydrogen peroxide as a by-product.
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grist was sequentially extracted with 50 ml of redistilled
petroleum ether (b.p. 80°C-100°C), and twice with redistilled
acetone. The defatted malt flour was then dried under a stream
of nitrogen gas. The following steps were then taken to inactive
peroxidase:

¢ The grist was resuspended in 20 ml of cold deionised water.

¢ The pH was adjusted to 2.1 with hydrochloric acid.

¢ The slurry was stirred on ice for 20 minutes.

¢ Thereafter the pH was readjusted to the orig..al pH of the
slurry, i.e. approximately 5.7.

The slurry was then clarified by centrifugation at 2000x g for
10 minutes and the supernatant retained. Solid material was
extracted twice with 50 ml of 0.15 M NaCl, stirring on ice for
20 minutes. These salt extracts were combined with the
previous extract and dialysed against deionised water overnight
at 4°C.

The solid material was then extracted three times with 50 ml
of 80% (v/v) aqueous ethanol. The solid material was again
removed by centrifugation and the supernatants were com-
bined and dialysed at 4°C against several changes of water. The
next three extractions employed 50 ml of 80% (v/v) aqueous
ethanol with 2% (v/v) beta-mercaptoethanol. Two of these were
for 20 minutes but the last was overnight. Solid material was
separated by centrifugation (as above) and the remaining
material was designated as residue whilst the supernatants were
combined. Both were dialysed against deionised water at 4°C
separately from the fractions that were not treated with
mercaptoethanol. All fractions were then freeze-dried.

A solution of 50 mg/ml egg albumin was prepared in 10 mM
sodium acetate solution at pH 5.7.

Peroxidase activity

This was measured by the method of Childs and Bardsley®
using 2,2’-azino-di-(3-ethyl-benzthiazoline-6-sulphonic acid)
(ABTS).

Ilumination with visible light

Protein fractions were subjected to 300 lumens of day-light
equivalent illumination (between two parallel fluorescent tubes)
in a refrigerator. The temperature was maintained at 10°C.
Aliquots were centrifuged at 5000xg in a chilled micro-centaur
(MSE) centrifuge for one minute, and duplicate 100 pl samples
taken for peroxide determination.

Hydrogen peroxide measurements

Hydrogen peroxide was determined using the method of
Hunt et al.'’. Duplicate samples of 100 ul were mixed with
900 pl of 100 uM xylenol orange, 250 uM ammonium sulphate,
100 mM sorbitol and 25 mM sulphuric acid. An appropriate
dilution of hydrogen peroxide was used as a standard. The
absorbance of these solutions was measured at 560 nm.

REsuLTs

The primary difficulty in demonstrating the formation of
hydrogen peroxide during mashing is that any hydrogen
peroxide formed will be quickly consumed by reaction with
reduced substances present (catalysed by peroxidase) or
degraded to water by catalase. In order to avoid this, oxidative
enzymes were inactivated by pH treatment and protein
fractions were separated from other reduced substances by
extraction. Catalase was inactivated by the freeze-drying
process but special steps were required to inactivate peroxidase.
Tables I and 11 show that a brief treatment of the malt slurry at
low pH inactivated most peroxidase. This was carried out after
solvent extraction and, upon neutralisation, became the first
salt extraction.

A period of 20 minutes at pH 2.1 on ice was sufficient to
reduce peroxidase levels to less than 4% of that found in the
original malt (Table I).

Longer periods did achieve slightly greater inactivation but
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not to a magnitude sufficient to justify longer treatments (Table
II). Stirring the slurry also increased the rate of inactivation
(data not shown) and was routinely used thereafter.

Although the treatment described above also inactivated
alpha-amylase, it was possible to find several commercial
brewing amylase preparations which were essentially per-
oxidase free to replace this enzyme. This treatment was used on
a pilot brewing scale using phosphoric acid to lower the pH
initially and potassium hydroxide to return the pH to that
normal for wort. There was no evidence in the course of these
experiments that such treatment extended the flavour stability
of the beer, indeed the treated beers contained several off-notes
when fresh that were not present in the controls. Hydrochloric
and sulphuric acids could not be used in the place of phos-
phoric acid because the neutralised salts of these remained in
the beer. Pilot scale experiments with enzyme inactivated malt
were not pursued.

Once malt proteins had been separated from oxygen metabo-
lising enzymes and from various reduced substances it was
possible to detect the formation of hydrogen peroxide under
certain conditions. Figure 2 shows the effect of heat on the
formation of hydrogen peroxide by malt proteins in a buffered
suspension. The protein fraction that was extracted using a
combination of 80% (v/v) aqueous ethanol with 2% (v/v) beta-
mercatoethanol demonstrated by far the greatest capacity to

TABLE 1. The effect of pH on the survival of peroxidase from malt
during acid treatment

pH 2.3 2.1 1.9
% activity remaining 20.7 39 4.0

Malt slurry was adjusted (using hydrochloric acid) to the pH shown
for 20 minutes. The pH was then returned to 5.6 using sodium
hydroxide solution. Peroxidase activity was determined as described
in the materials and methods and expressed as a percentage of the
untreated control.

TABLE I1. The time-dependent survival of peroxidase from malt
during acid treatment

Time (minutes) 20 40 60 80
% activity remaining 23 0.73 043 0.29

Malt slurry was treated as described for Table I using pH 2.1 but for
extended periods of time.
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FIG. 2. The effect of heat on formation of hydrogen peroxide by malt
protein fractions. Protein fractions were extracted from malt, freeze-
dried and resuspended at 50 mg/ml in 1.5 ml of acetate buffer. These
were heated at 45°C for the times shown and samples were assayed
for hydrogen peroxide. The control was maintained on ice through-
out the experiment and used as a blank value. @: 0.15M salt
extract; l: 80% (v/v) aqueous ethanol extract; A: 2% (v/v) beta-
mercaptoethanol/80% aqueous ethanol extract; @: insoluble
residue.









