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The McCleary method for determination of f-amylase in malt has been modified in order to allow
determination of total f-amylase in barley as well as malt. A ruggedness test, performed on the
modified method, demonstrated that the method is quite robust and highly reproducible. When the
variables a-amylase, f-amylase and diastatic power were measured in 90 malt samples, only B-amylase
was significantly correlated to diastatic power (12 = 0.85 and p < 0.0001). The same high correlation
was found between total f-amylase in 20 barley samples and diastatic power in the corresponding
malts. The validity of this relationship was tested by predicting diastatic power in malt from total
p-amylase in barley. Predicted values correlated highly to measured values (r? = 0.95). In breeding
material a positive relationship was found between total f-amylase in barley and protein content. This
relationship must be considered when evaluating new barley lines.
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INTRODUCTION

Starch degrading enzymes in malt are of major importance for
brewing quality and thus a central component of barley breed-
ing programmes. In the brewing industry, the activity of the
amylolytic enzymes in malt is determined in terms of diastatic
power (DP), which is a measure of the capacity of malt to
degrade starch into fermentable sugars. Although DP repre-
sents the combined activity of all the amylolytic enzymes, DP
is essentially determined by the action of B-amylase’®10,

B-Amylase is already present in mature barley kernels, pre-
dominantly in a bound (latent) form, although a fraction of
the enzyme—free B-amylase—is readily soluble in dilute saline
buffers. During germination the bound form of the enzyme,
which is at least partly bound to other grain proteins by
disulfide bonds, is liberated by proteolytic cleavage near the
carboxyterminus, but unlike the other amylolytic enzymes, no
de novo synthesis occurs’.

Free B-amylase in malt is highly correlated with DP in malt,
although no correlation is observed between DP in malt and
frec B-amylase in barley’, However, bound B-amylase in barley
may be liberated in vitro by proteases such as papain or by
reducing agents containing thiol groups, and the resulting total
B-amylase (free + bound form) correlates strongly with DP in
malt’. Although determination of total B-amylase in barley
could be a valuable tool in malting barley breeding and trad-
ing, the available official analytical methods? are too laborious
for screening purposes.

McCleary® developed a simple method for the measurement
of B-amylase activity in malt, that might also be applied to
barley®. The original method comprises two main steps: first,
extraction of enzymes from flour in a buffer at pH 6.2, and
second, incubation of the extract with a specific p-amylase
substrate, performed under optimal conditions for B-amylase,
B-amylase activity is monitored by its cleavage of the short
chain  oligosaccharide p-nitrophenyl-a-D-maltopentaoside
(PNPGS5) to maltose and p-nitrophenyl-a-D-maltotrioside
(PNPG3). PNPG3 is rapidly cleaved to glucose and free p-
nitrophenol by a-glucosidase included in the assay mix. The
release of p-nitrophenol, measured spectrophotometrically, is
directly proportional to the release of maltose by B-amylase.

This method was originally evaluated on a set of malt

samples in a collaborative trial by the Analysis Committee of
the European Brewery Convention, but was tumed down due
to poor repeatability and reproducibility®. In particular, the
extraction procedure seemed to be irreproducible. The aim of
this work was to establish a simple and repeatable procedure
for the determination of total B-amg'lase activity in barley and
malt, based on McClearys method®. Furthermore, the ability
of this assay to predict DP from B-amylase determined in
barley and malt was investigated. In this context, the influence
of malt a-amylase on DP was re-evaluated, due to the con-
flicting results from recent investigations!-58,

MATERIALS

Barley and malt

Alexis barley harvested in Denmark in 1993 was used for
optimization of P-amylase extraction from barley as well as
for ruggedness testing of the final method. The correlation
between a-amylase, B-amylase and DP, was analysed in barley
and corresponding malt samples originating from field trial
samples covering a wide genetic background from the 1991-
1994 harvests in Denmark.

Reagents

Diagnostic kits containing the specific substrates PNPGS5 for
determination of B-amylase (Betamyl®) and BPNPG?7 for a-
amylase (Ceralpha®) were obtained from Megazyme (NSW,
Australia).

METHODS

a-Amylase
a-Amylase was determined as described by the supplier of
the Ceralpha kit.

B-Amylase

In order to optimize extraction of P-amylase from barley
and malt, various extraction conditions were applied and com-
pared to the original procedure described by the supplier.
Optimal extraction of B-amylase from barley and malt was
achieved by milling 5-10 g samples for 1 minute in a labora-
tory mill (Analysenmilhle A10, Janke & Kunkel, Germany).
0.5 g Flour were suspended in 5 ml of 50 mM Trizma base
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buffer (Sigma, USA) supplemented with 100 mM cysteine,
| mM EDTA, and 1 mg/ml bovine serum albumin (BSA), pH
8.0, in 10 ml polyethylene disposable tubes. The suspension
was rotated end-over-end in a Rotamix RK (Heto, Denmark),
operating at 35 rpm for one hour at room temperature. The
suspension was finally centrifuged for 5 minutes at 5000 x g.
The clear supernatant was diluted 1250 fold and the B-amylase
activity was determined as described by McCleary®,

Other methods

Diastatic power was determined according to EBC-
ANALYTICA 4.12.12,

Protein was determined with Danish NIT-NETWORK for
crops (Infratec Grain Analyzer 1221).

Ruggedness testing
A ruggedness test of the optimized assay was performed
according to EBC-ANALYTICA 13.13.

RESULTS

OPTIMIZATION OF B-AMYLASE EXTRACTION

The McCleary method was solely developed for the deter-
mination of B-amylase in malt. To adapt this method for the
routine analysis of barley as well as malt samples, an improved
B-amylase extraction procedure was required.

Agitation

In the original procedure, the agitation mode during
extraction was rather poorly defined (occasional shaking).
Three agitation modes were compared. Flour and buffer (pH
6.2, 100 mM cysteine) were combined and mixed thoroughly.
The mixture was left undisturbed for two hours, or it was
mixed thoroughly at 10-minutes intervals during two hours, or
tumed end-over-end continuously for up to two hours in a
Rotamix at 35 rpm. Most reproducible results were obtained
using the latter method (data not shown).

Release of bound B-amylase

The efliciency of the reducing agents cysteine and DTT
(dithiothreitol) and of the sulfhydryl protease papain in the
release of soluble B-amylase from the bound form was com-
pared. At pH 6.2 and room temperature, optimal extraction of
barley B-amylase was achieved with buffers containing a mini-
mum of either 100 mM of cysteine, 50 mM of DTT or 10 g/l
of papain. Additional extractions were performed at pH 4 and
5, which is more favourable for papain activity, but no change
in the rate of B-amylase liberation was observed. At pH 6.2,
the rate of enzyme release was found to be rather insensitive to
the type of liberating agent (Fig. 1). In subsequent experi-
ments, 100 mM cysteine was chosen as reducing agent, as
suggested by Erdal’.

Time, pH and temperature

According to McCleary®, 95% of the enzyme present in malt
flour is extracted after two hours at room temperature and pH
6.2. In order to speed up the liberation rate, trial extractions
were performed under different pH/temperature conditions
(Fig. 2).

At room temperature, the liberation rate of B-amylase from
barley was higher at pH 8 than at the originally recommended
pH 6.2. Increasing the temperature during the extraction in-
creased the liberation rate of B-amylase at the lower pH, but
B-amylase became increasingly unstable at higher pH with
increasing temperatures.

The best combinations of temperature and pH are shown in
Figure 3. Except from 50°C and pH 6.2 the combinations
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FiG. 1. Liberation of barley B-amylase activity as a function of time at
room temperature in maleate buffer (pH 6.2) with either the thio-
reducing agents cysteine or DTT or the protease papain.

shown give similar extraction rates. For practical reasons it was
decided to perform a one hour extraction of B-amylase from
flour at room temperature and pH 8.0. More than 95 % of the
B-amylase was already released after 40 minutes.

Scale down

In order to simplify the measurement, the ratio between
extraction buffer and flour was reduced from 50 ml/0.5 g to
5 ml/0.5 g. Similar results concerning B-amylase activity and
experimental error were achieved.

RUGGEDNESS TESTING

The optimized analysis was subjected to a ruggedness test
according to the guidelines in EBC ANALYTICA®. Seven
key factors which might interfere with the precision of the
measurements were analyzed at two levels (Table I). The
tabulation chart for the experiment is shown in Table 11, and
Table 11 summarizes effects, confidence limits and confidence
intervals. The statistical treatment of the results demonstrated
that the method is quite robust. The experimental error was
slightly below 8% and only the pH of the incubation buffer
and the incubation time had a significant impact on the results
(main effect > confidence limits). The pH of the incubation
buffer must be carefully adjusted to 6.2. If the incubation
period deviates slightly from 10 minutes, the actual value can
be incorporated in the activity calculation. If this is done, the
influence from the incubation time is eliminated (Table 111).

TABLE 1. Factors and the respective levels included in the

ruggedness test

Inferior level Superior level

Factor - +
A Incubation pH 5.7 6.7
B Incubation time 9 min 11 min
C Extraction pH 1.5 8.5
D Extraction time 50 min 70 min
E Cysteine concentration 90 mM 110 mM
F Extraction temperature 20°C 25°C
G Weight of flour 04 068
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FiG. 2. Liberation of barley B-amylase activity as a function of time at room temperature, 30°C, 40°C, or 50°C in buffers of different pH (pH
6.2, 100 mM maleate; pH 7.0, 100 mM maleate; pH 8.0, 50 mM Trizma base). 160 mM of the reducing agent cysteine was included in the
buffers.

TABLE 11 Tabulation chart for the ruggedness test

Trial Factor B-amylase activity, U/g

Number A B C D E F G Replicates Totals Differences

1 - - - - + + + 597 597 1195 0

2 + - - + + - - 659 745 1404 -86

3 - + - + - + - 767 802 1568 =35

4 + + - - - - + 736 878 1614 -141

5 - - + + - - + 555 643 1198 -88

6 + - + - - + - 707 631 1338 77

7 M + + - + - - 680 774 1454 -94

8 + + + + + + + 870 890 1760 =20

CORRELATION BETWEEN DIASTATIC POWER AND B-limit-dextrinase on DP. In one investigation with a limited

B-AMYLASE ACTIVITY number of Danish malt samples, a very strong correlation was
found between B-amylase and DP, whereas no significant cor-

Correlation between diastatic power and o- and B-amylase relation could be established between o-amylase or B-limit-

in malt dextrinase and DP%, In contrast, two independent Australian

Previous studics have indicated that B-amylase in malt is the investigations have found somewhat weaker correlations
primary enzyme source for DP"3%9, However, there are contra- between B-amylase and DP, and weak but significant cor-
dictory results concerning the influence of o-amylase and relations to a-amylase'® and B-limit-dextrinaseS.









