J. Inst. Brew., May-June, 1996, Vol. 102, pp. 155-159

VARIATION IN pH AND LACTATE LEVELS IN MALTS

By J. B. SouTH
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Malt pH, defined as the pH of worts prepared by the Institute of Brewing Methods of Analysis, was
examined in commercial malts from a single malting plant over four crop years, 1990 to 1993. Batch
to batch variability was found, in addition to a distinct pattern within two of the years, with a gradual
decrease in the winter months following commencement of malting of the new crop barley, followed
by a subsequent increase in the late summer. Variability in pH and the longer term trend were not
related to any measured processing variables or characteristics of the barley used for malting.
Possible reasons for the differences in pH were examined and a negative relationship between malt
pH and wort lactate content was demonstrated in a selection of malts from two crop years. A method
is proposed for extraction and purification of lactate directly from malt and using this method it was
shown that lactate in wort derives mainly from malt with only small amounts being produced during

mashing.
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INTRODUCTION

Control of pH throughout brewing is essential for consistent
processing of raw materials and for end-product quality'’.
Although major changes in pH are effected by adding calcium
salts to the brewing liquor, minor variations are frequently
found but are usually disregarded as being of little con-
sequence for brewing performance. However, it was recently
shown that small variations in wort pH within the speci-
fications set in most breweries are of significance with regard
to wort and beer clarity. It was demonstrated that small
variations in malt pH gave rise to differences in brewery wort
pH, which by their effect on copper finings performance,
resulted in inconsistent wort clarification and inefTicient
isinglass fining of the finished beer®. A survey of the range in
malt pH found in a commercial maltings has now been carried
out in order 1o assess the scale and to seek explanations for the
variation found.

MATERIALS AND METHODS

Malt Samples

All malt samples were provided by Carlsberg-Tetley
Maltsters. Samples for routine pH measurement were taken
as a “grab” sample. All wort pH measurements were made
on wort produced by the procedure detailed in Institute of
Brewing (I0B) Methods of Analysis’ (515 ml mash dilution).
Moisture content was measured using the IOB procedure®.

Extraction and analysis of lactate and acetate
Steeping/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 (<14%
moisture) was analysed, it was first milled in a coffee-grinder,
mixed well, and 15 g taken 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 homo-
genate was centrifuged at 14,000 G for 5 min. Supernatant
(3 ml) was then purified using a Sep-Pak CI8 cartridge. The
sample was ecluted 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.
Amounts of L- and D-lactate and acetatc were measured

using enzymic procedures with kits obtained from Boehringer
Corporation Limited (BCL).

Malt buffering capacity

Three 50 g samples of malt, milled using a Biihler-Miag mill
set with a 0.7 mm gap, were each mashed with 150 ml de-
ionised water at 65°C for 60 min. The threc mashes were each
made up to 250 g with deionised water, stirred, and then
immediately filtered through Postlip 633B filters for 30 min.
The three resultant worts were bulked and mixed, boiled for 30
min and filtered through Postlip 633B filter paper while still
hot. After cooling to 20°C the specific gravity of the wort was
adjusted to 1.060 using deionised water. Buffering capacity was
measured as the amount of 0.1 N H,S0; required to change
the pH of 100 ml of wort from 5.0 to 4.0.

Malt calcium conient

Finely milled malt (3 g) was extracted with 20 ml of 0.1 M
HCI for 5 min with frequent mixing. The extract was centri-
fuged at 3,000 G for 10 min, filtered through Whatman No. |
paper and diluted 2 ml in 100 ml. This diluted extract was
analysed by atomic absorption spectrophotometry using a
Perkin-Elmer 272 instrument.

RESULTS

Variation in malt pH

I0B wort pH provided a convenient estimate of malt pH
since it was routinely determined during standard malt analysis
for quality control purposes and was a valid measure of malt
pH since deionised water was used for mashing. Malt pH data
was collected from a commercial maltings for four successive
barley crop years. Malt pH for each batch was then plotted as
a time series according to the date on which malting was
carried out (Figures 1a-d). Data collection began after some of
the 1990 crop barley had already been malted, hence the data
for this year (Figure la) began later during the year than in the
following crop years. The data includes several barley varieties
and both ale and lager type malts. Statistical analysis of the
data (Table 1) showed that there were no differences in mean
pH between different barley varieties, malt types (ale/lager) or
by crop year. This was in contrast to reports which suggested
that malt pH was affected by the variety, origin and crop year
of the barley’2. However, considerable variation was found
within each crop year, with differences between malts being
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F1G. 1. 10B wort pH of succcssive batches of malt from a commercial maltings. (a) 1990 crop barley; (b) 1991 crop barley; (c) 1992 crop barley;

(d) 1993 crop barley.

TABLE L. Statistical analysis of malt pH data from crop years 1990 10 1993
Barley
Crop year Quality varicty Mean SD Minimum  Maximum n
1990 Ale All 5.61 0.08 5.42 5.80 27
Lager All 5.78 0.09 5.52 6.00 105
Pipkin 5.82 0.06 573 6.00 43
Halcyon 5.75 0.09 5.52 592 Ky}
1991 Ale All 5.69 0.10 5.49 5.88 3
Lager All 5.78 0.10 5.54 6.01 141
Pipkin 5.9 0.11 5.62 6.01 60
Halcyon 5.78 0.10 5.54 5.98 39
Puffin 572 0.07 5.61 5.87 18
1992 Ale All 5.70 0.14 5.43 5.97 3l
Lager All 577 0.15 5.42 6.06 149
Pipkin 5.79 0.14 5.50 6.06 72
Puffin 5.7 0.14 5.46 6.01 28
1993 Ale All 5.7 0.12 5.46 5.86 17
Lager All 5.76 0.11 5.37 6.02 167
Pipkin 5.82 0.09 5.65 6.02 79
Halcyon 5.67 0.09 5.37 5.83 43
Puffin 5.80 0.05 5.1 5.89 14
Alexis 5.74 0.08 5.60 5.90 30
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TABLE Il. Malt pH at different locations in a
commercial malting kiln
Depth of kiln

Location' Bottom Middle Top
1 5.64 5.67 5.64
2 5.65 5.6l 5.6l
3 5.66 5.66 5.61
4 5.69 5.70 5.69

1At equidistant points around the central column of
the circular kiln.

well outwith the precision for pH measurement?. If translated
into variations in brewery worts the pH differences found
would be expected to have a significant influence on processing
performance of the malts’. Variations in malt pH were not
correlated with any process changes such as germination or
kilning time, plant cleaning, abrasion of malt, aeration or
liming of steeps. A trend was noted in 1992 and 1993 crop
years (Figure 1c and d) with pH being higher in the winter
compared to the summer months. No explanation has yet been
found for this, although the influence of ambient temperature
on some (as yet undiscovered) aspect of malting cannot be
ruled out. Similarly, there was no explanation for the
occasional extremely low or high pH values which occurred
throughout the data. No adverse processing conditions or
other irregularities were noted for these batches.

In order to be certain that variations in malt pH were due
to true differences between individual malt batches and not
sampling variations, several samples were taken from a single
batch at different locations in the kiln, after the malt had been
force-cooled following kilning. A gradient in temperature and
moisture exists across the kiln bed!® which can give rise to
heterogeneity in some malt parameters, due to differential
drying. This could also lead to differences in grain metabolism
and microbial growth and might be expected to lead to vari-
ations in pH at different depths. The kiln was of circular
design with a depth of 1.8 metres and four locations were
chosen at equidistant points around the central column. Each
point was sampled at three depths using a sampling spear.
Results (Table II) showed that no differences in malt pH were
found as a result of either location or depth, indicating that the
measured pH values were representative of the entire batch of
malt produced in each case.

Reasons for differences in malt pH

Buffering capacity was measured in a selection of malts from
1990 crop year which differed in pH (Table II). High buffering
capacity indicated that the wort was resistant to pH change
when acid was added; a positive correlation with malt pH
would be expected if this was responsible for the variations in
Figures la-d. The results showed that although buffering
capacity varied between malts there was no correlation with
wort pH.

Precipitation of phosphate and protein from malt via for-
mation of insoluble calcium salts is a major reason for a
decrease of pH during mashing. In IOB mashes the only
source of calcium is the malt itself since deionised water is
used. Significant amounts of inorganic calcium in malt would
be expected to affect wort pH in this manner and variability in
this amount would thus lead to variable effects on pH. Malt
calcium content was measured in four malts which differed
widely in wort pH. Results (Table IV) showed that the calcium
content of malt was not correlated with pH, calcium contents
being very similar in the malts examined. In an IOB mash this
would be equivalent to a level of approximately 60 mg/litre in
the liquor and would lower the pH of the wort if complexed
with phytate and protein. The effect on a brewery mash, which
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TABLE II.  Buffering capacity of worts from malts
differing in pH
Buffering capacity
Malt type  10B wort pH (ml 0.1 N H,S0y)
Ale 542 9.6
Ale 5.56 6.6
Ale 5.62 8.1
Lager 5.57 8.5
Lager 5.67 11.6
Lager 5.82 7.2
Lager 5.66 1.7
Lager 5.7 10.3
TABLE 1V.  Calcium content of malts
Calcium, mg/g grain
10B wort pH (dry weight)
542 0.60
5.57 0.63
5.67 0.64
5.82 0.63

would have a higher gristliquor ratio, would be even greater,
yet this is not taken into account when calcium additions are
made to brewing liquor. It would be interesting to examine
malt calcium levels at different malting locations, thus meas-
uring the influence of water hardness, in this respect.

A role for organic acids in determining wort pH seemed
likely since previous reports indicated that both organic acid
levels and malt pH are influenced by malting parameters’.
In addition, high levels of lactate are known to be present
in malts which have deliberatcly been acidified by various
methods'>. Levels of total lactate were measured in a selection
of malts taken from 1990 and 1991 crop years which gave a
range in OB wort pH. Twelve lager and twelve ale type malts
were selected at random from both crop years. The malts were
mashed as before and the levels of lactate measured in the
resultant worts using the BCL enzymic assay. It was possible to
use the assay directly on the wort, diluted appropriately.
A negative correlation between total lactate and wort pH
was noted in all four groups of samples (Figure 2a-d). All
correlations were significant at the 1% level. Comparisons
between the graphs showed that the relationship for ale malts
differed from that for lagers in that the plots were displaced
downwards, i.e. there was a tendency for the same amount of
lactate to correspond to a lower pH with lager malts compared
with ale malts. This was noted in both crop years and may
most obviously be associated with different kilning profiles,
although the underlying reason is not known. The quantities
of lactate found did not wholly account for the differences in
wort pH but lactate was considered a suitable marker for
whatever changes had occurred during malting which had
given rise to the differences in pH. In the malts examined, both
L- and D-isomers of lactate were measured and were both
correlated with wort pH.

Extraction, purification and analysis of lactate in malt

A procedure was devised for extraction and purification of
lactate and other organic acids from malt. Grain (30 g) was
homogenised in a Waring blendor, solids removed by centri-
fugation and the supernatant, containing lactate and other
organic acids, purified using a Sep-Pak C18 solid phase cart-
ridge. Full details of the procedure are given under Materials
and Methods.
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FiG. 2. Correlation between malt total lactate and IOB wort pH. (a) 1990 crop ale malt; (b) 1990 crop lager malt; (c) 1991 crop ale malt; (d) 1991

crop lager malt.

A number of the key stages of the method were tested for
recovery of acid, including volume of extractant, temperature,
homogenisation time, effect of freezing/thawing and freeze-
drying. The final procedure was found to give excellent
recovery of lactate, and by inference, other acids. In the final
method, the extraction was carried out at 4°C and all sub-
sequent stages of the method were carried out as rapidly as
possible in order to avoid undue enzymic activity in the
sample. In cases where it was not possible to perform the
extraction immediately after obtaining the sample, the grain

was freeze-dried before analysis, a procedure shown not to
affect the levels of lactate and other organic acids.

The purification stage using Sep-Pak C18 solid phase cart-
ridges was evaluated in detail. In addition, a comparison was
made of the amount of lactate in wort and in a cold extract
prepared directly from malt (see Materials and Methods), in
order to quantify the contributions of malting and mashing to
final lactate levels. Three malts with contrasting amounts of
lactate were examined. Acetate was also measured in this
experiment since it is strongly retained by hydrophobic column






