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CHANGES IN ORGANIC ACID LEVELS DURING MALTING
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A method, based on HPLC, was developed for analysis of organic acids in germinating barley and
finished malt. Levels of the major respiratory organic acids were examined daily during steeping,
germination and kilning in a commercial maltings. The major acids detected were citrate, malate,
succinate and lactate. L-lactate but not D-lactate was produced in the grain during steeping but was
rapidly lost during subsequent germination. Both L- and D-lactate were accumulated in the grain during
late germination and kilning. Final levels of lactate and malate in malt were determined primarily by
their rate of accumulation during kilning. A comparison of two maltings revealed that kilning time is
important for final lactate levels in the malt, with long kilning times leading to high levels of both
lactate isomers. It is postulated that lactate is produced during steeping by anaerobic respiration of
barley whereas during late germination and kilning it is produced by proliferation of grain microbes.
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INTRODUCTION

Organic acids are present in beer in a concentration dependent
on both raw materials and processing conditions. Significant
amounts of citrate, malate, pyruvate, succinate, lactate, oxalate,
acetate, fumarate, pyroglutamate, and a-ketoglutarate have
been reported' 24631314 Some of these acids are of signi-
ficance for organoleptic and dietetic properties™!®. Although
changes in organic acids occur during fermentation, due to
consumption and formation by yeasts, the acid types present in
the final beer are largely those in the raw materials, of which
malt is the major contributor. A number of reports”!*118 jn
the 1970s indicated that the main acids in malt were citrate,
malate and gluconate. At about the same time, MacWilliam'?
reviewed the pH of malt, wort and beer and reported that the
acidity of the finished malt was influenced by the variety and
origin of barley, steeping, germination and kilning conditions.
It has recently been shown that the acidity of malt is correlated
with but not totally accounted for by the level of lactate
present®. The aim of the current work was to investigate this
phenomenon further and to assess the variation and signi-
ficance of changes in other organic acids during malting.

MATERIALS AND METHODS

Barley and malt samples

Barley and malt samples were provided by Carlsberg-Tetley
Maltsters. Samples were taken during malting from a number
of points in the germination vesscl and mixed prior to analysis,
in order to obtain a representative sample of the batch and
then analysed within 1 hour. Kiln samples were taken follow-
ing the post-kilning cooling period before the kiln was emp-
ticd. Again, these samples were taken from various locations
and then mixed before analysis. Barley and malt moisture
contents were measured as detailed in Institute of Brewing
Methods of Analysis®,

Extraction of organic acids

Steeped/germinating grain (30 g) was homogenised with
100 ml ice-cold deionised water in a Waring blender at the
“high speed’’ setting for 2 min. In cases where dried grain (raw
barley and kilned malt, <14% moisture) was analysed, it was
first milled in a coffee-grinder, mixed well, and 15 g was used
for extraction. The homogenate was quantitatively transferred

to a 200 ml volumetric flask, made up to volume, and mixed.
A 4.5 ml aliquot of homogenate was centrifuged at 14,000 G
for 5 min. Supernatant (3 ml) was then purified using a Sep-
Pak C18 cartridge. The sample was eluted with deionised water
and collected in a final volume of 10 ml. The sample was
centrifuged again at 14,000 G for 2 min prior to analysis of
organic acids. Final results are expressed after correction for
the moisture content of the original grain.

Analysis of organic acids

Organic uacids citrate, pyruvate, malate, aconitate, succinate,
lactate and fumarate were analysed by HPLC. Purified extracts
(50 pl) were separated using a Bio-Rad HPX-87H column (300
x 7.8 mm) preceded by a guard column (40 x 7.8 mm) of the
same packing material, and a 0.5 um pre-column filter. The
column was maintained at 45°C and was eluted with 0.005 M
H,S0, at a flow rate of 0.6 m/min. Peak detection was by UV
absorbance at 210 nm, the results being integrated and ana-
lysed using a Hewlett-Packard HP3396A integrator with Peak
96 data collection and storage. Similar systems for analysis of
organic acids have been used by other researchers!®,

Organic acid standards, obtained from Sigma Chemical Co.,
were analysed to obtain retention times and response factors
and pimelic acid was used as an internal standard since this
acid was absent from all the samples. L- and D-lactate and
acetate were measured using enzymic procedures with kits
obtained from Bochringer Corporation Ltd. The enzymic
assay was carried out in duplicate and HPLC in triplicate. All
results presented are means of these replicates.

Micromalting

Micromalting was carried out using a fully automatic Joe
White system (Jo¢ White Malting Systems, Victoria Parade
3066, Melbourne, Australia). Using this apparatus, barley was
steeped for 48 hr (8 hr wet, 13 hr dry, 8 hr wet, 6 hr dry, 8 hr
wet, 5 hr dry), germinated for 4 days at 15°C and then kilned
for 24 hr at 65°C.

RESULTS

Development of the method for analysis of organic acids in
malt

The procedure for extraction and purification of organic
acids from malt (sce Materials and Methods) had previously
been shown to give excellent recoveries for both lactate and
acetate™ and also gave good recoveries for the other major


















