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The malt parameters alpha-amylase, beta-amylase, limit dextrinase, protein and beta-glucan were each
linearly related to the diastatic power measured in malted barley, with beta-amylase having the
highest coefficient of variation (r* = 0.63). Muiltivariate regression analysis derived a model com-
prising beta-amylase, alpha-amylase and limit dextrinase, with no significant interactions (p < 0.05).
The model accounted for over 79% of the variation in diastatic power. These three malt parameters
might be usefully targeted in breeding programs aiming to improve diastatic power in malted barley.
The analysis of samples from two harvests showed that malt diastatic power is also significantly
related to total grain beta-amylase activity (r? ranging up to 0.61). This suggests that total grain
beta-amylase can be used as a screening procedure for the diastatic power of experimental barley
breeding lines. However the relationship is subject to significant genotypic (cultivar) and environ-
mental influences (p < 0.001) and regression analysis found that diastatic power was significantly
related to beta-amylase and cultivar (r? = 0.76). Thus the use of a single regression curve comprising
pooled data from several cultivars to relate diastatic power and total grain beta-amylase might be
misleading. For barley breeding programs, the most effective use of the beta-amylase model as a
criterion to identify experimental lines with unacceptable diastatic powers is to apply as a benchmark
the total grain beta-amylase activity of a reference variety at each location, accepting lines with

consistently higher beta-amylase activities for micromalting and further testing.
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INTRODUCTION

The diastatic power of barley malt represents the collective
activity of several starch degrading enzymes that accumulate
or are activated during malting. However, the activity of one
enzyme group, the betg-amylases, is regarded as being the
major contributor to diastatic power generation®'6. Malt beta-
amylase activity is highly correlated with diastatic power
measured by standard procedures and has been proposed to
provide an estimate of diastatic power2. The activities of the
remaining principal amylolytic enzymes, alpha-amylase and
limit dextrinase appear to poorly correlate with the measured
diastatic power’. However, little is known of the effects that
biochemical interactions involving the amylolytic enzymes and
other parameters such as protein and beta-glucan might have
on diastatic power generation.

Beta-amylase enzymes occur as an heterogencous group in
both barley grain® and malts'®. They undergo proteolytic con-
versions and activation during the malting process to produce
“malt-type” beta-amylases'®. A similar activation is induced by
the inclusion of reducing compounds in the enzyme extraction
buffer', enabling the measurement of “total” bera-amylase
activity in the grain. The presence of beta-amylase in the
resting grain suggests that malt diastatic power might be
predicted by measurement of total bera-amylase activity prior
to malting. Recent studies™'! and preliminary studies®, each
with limited sample numbers, found significant correlations

*The data presented in this paper have been presented in part to the
42nd Royal Australian Chemical Institute Cereal Chemistry Division
Conference, Christchurch, New Zealand, 1992.

between the two. These studies have proposed the use of total
grain bera-amylase activity as an initial screening procedure in
breeding programs to eliminate lines with low diastatic power.
The assay for beta-amylase is simple and readily applied to
the large sample numbers necessary for a screening assay,
particularly in early generation trials.

This study has two aims. The first is to examine by linear
and multivariate regression analysis the relationships between
the malt parameters alpha-amylase, beta-amylase, limit dex-
trinase, beta-glucan and protein in the generation of diastatic
power. This will identify malt components that could be tar-
geted in breeding programs aiming to increase diastatic power.
The second aim is to examine the correlations between total
grain beta-amylase activity and diastatic power of barleys
grown for two seasons under Australian conditions, to deter-
mine the potential of the enzyme as a screen for diastatic
power in Australian breeding programs. Given the reported
variation of diastatic power with genotype and environment!,
the study includes data from several cultivars grown in differ-
ent locations to determine possible genotype and environ-
menta) effects on the bera-amylase/diastatic power relationship.

EXPERIMENTAL METHODS

Source of Grains and Malts. All barley samples were sourced
from the NSW Agriculture Barley Interstate Variety Trials,
which are a component of the annual barley quality evaluation
program. Barleys from the trials were included in the study on
the basis of their acceptable grain size (>95% at least 2.2 mm
in width).

Grain samples from (wo harvests were analysed, 1991 and
1994. In the 1991 harvest grain samples from two sites from
Wagga in southern NSW were selected for analysis, 58 from
site | and 100 from site 2. In the 1994 harvest a total of 51
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grain samples were sclected from nine experimental sites within
NSW, with five to seven cultivars from each site. The experi-
mental sites were grouped within the northern, central and
southern regions of NSW. The reference variety used at each
site was Schooner, one of the principal malting barley varieties
grown in south eastern Australia. Other cultivars were WB136,
WBI85, WB190 and WBI199.

Enzyme Assays. Grain samples from all harvests were micro-
malted® and the resultant green malts were analysed for
protein'” and diastatic power’. Corresponding grain samples
were milled in a Tecator Cyclone mill (0.5 mm mesh) and
stored at 4°C in sealed containers in a desiccator until analysed
for total bera-amylase activity'. Green malt samples from site
1 of the 1991 harvest were frozen at —20°C, freeze dried and
milled (Tecator Cyclone mill - 0.5 mm mesh) and stored as
described for milled grain samples until analysed for total
beta-amylase!?, alpha-amylase'®, limit dextrinase'? and beta-
glucan™. Diastatic powers’ were also determined on kilned
malts from site 1 of the 1991 harvest.

All chemicals for enzyme assays and beta-glucan determin-
ations were supplied as diagnostic test kits by Megazyme
(Australia) Pty Ltd, 2/11 Ponderosa Pde, Warriewood, NSW,
2102, Australia. Other chemicals used were analytical grade.
Reagents and buffers were prepared in glass distilled water.

Results were statistically evaluated by analysis of variance
(1994 data only) and by linear and stepwise multivariate
regression analyses using a generalised least squares program.

RESULTS AND DISCUSSION

The diastatic powers of green malts and kilned malts of
samples from 1991 site 1 were highly correlated (r = 0.79), and
it was concluded that either was suitable for the purposes of
this study. The results for green malts are reported because of
the heat lability of amylolytic enzymes during kilning. Malt
beta-amylase, in particular, is heat labile® and in this study was
reduced by 60% by kilning.

Biochemical Interactions and Diastatic Power Generation

In initial experiments, green malts from the 58 selected 1991
sitc 1 samples were analysed for diastatic power, alpha- and
total beta-amylase, limit dextrinase, protein and bera-glucan.
The diastatic powers determined in this sample set ranged
from 7 to 19 uM/s/Kg, suitable to assess the relative import-
ance of the biochemical components of the malts to variations
in diastatic power. The activities of the amylolytic enzymes
measured were also over a wide range, with beta-amylasc
activities from 600 to 1,800 U/g, alpha-umylase activities from
60 to 200 U/g and limit dextrinase activities from 282 to 770
U/Kg. This spread of amylolytic activities is typical of barley
malis*!. However, limit dextrinase activities reported in a series
of kilned Danish barley malts® were several orders of magni-
tude higher (25x 10° to 70x 10° U/Kg) than the activities
reported in the present study or other studies using the same
analytical procedure (B. V. McCleary, personal communica-
tion). The range of alpha-amylase activities found is consistent
with the reported environment and genotype effects upon its
synthesis during malting®.

In a simple regression analysis, all variables were lincarly
correlated to diastatic power (p <0.05), with berg-amylase
providing the highest coefficient of variation (r? = 0.63) (Fig.
1a), coefficients of variation (r?) derived for the other variables
were 0.37 for alpha-amylase (Fig. 1b), 0.48 for limit dextrinase
(Fig. 2a), 0.36 for protein (Fig. 2b) and 0.15 for beta-glucan
(data not shown). All correlations were positive except that for
beta-glucan. The extent of correlation between bera-amylase
and diastatic power found in this study agrees with the findings
of scveral other studies®? and with the view that bera-amylase
is a major determinant for the generation of diastatic power>.
However, the significant correlations (p < 0.05) found in the
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Fic. |. Relationships between diastatic power and (a) beta-amylase
activity, and (b) alpha-amylase activity in malted barley samples
from the 1991 harvest (site 1).

present study between malt diastatic power and each of alpha-
amylase, limit dextrinase, protein and beza-glucan, suggest that
these should also be considered when biochemical interactions
and their influence on diastatic power are being characterised.
The endo-acting enzymes alpha-amylase and limit dextrinase
for example would be anticipated to continuously generate new
substrates for beta-amylase action during the short incubation
time in the assay for diastatic power. Unlike the present study,
Erdal® found no significant correlation between malt diastatic
power and alpha-amylase or limit dextrinase. However, other
studies with a range of Chinese barleys'' found a significant
correlation between diastatic power and alpha-amylase activity.
The positive relationship between diastatic power and protein
content is well established’.

All malt analyses were subjected to stepwise forward multi-
variate regression analysis, allowing up to three factor inter-
actions. Only terms for which p < 0.05 were retained. The final
model accounted for 79.1% of the variation in diastatic power
and comprised the parameters beta-amylase, alpha-amylase,
and limit dextrinase. These are the parameters that might be
usefully targeted by breeding programs aimed to improve
diastatic power. The regression equation for this data set was:
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FI1G. 2. Relationships between diastatic power and (a) limit dextrinase
activity, and (b) protein in malied barley samples from the 1991
harvest (site 1).

Diastatic Power = 0.099 + 0.008 f-Amylase
(UM/s/Kg) (Ulg)
+ 0.021 a-Amylase + 0.007 Limit Dextrinase
(Ulg) (U/Kg)

Contributions from protein and beta-glucan, and from inter-
actions between all measured parameters were eliminated from
the model. The non-significant contribution of protein con-
tent to the regression relationship was not expected. Protein is
implicated in the generation of diastatic power because of
its role in providing amino nitrogen for enzyme synthesis.
Although limit dextrinase was found to contribute to the
development of diastatic power in this study, the importance
of its role in the production of fermentable sugars during
high temperature mashing has been questioned'. Thus, it is
possible that assays for diastatic power, carried out at 20°C-
25°C with short incubation times, do not reflect the amylolytic
activities that occur during high temperature mashing. For this
reason, Delcour and Verschaeve? have suggested that diastatic
power be measured at 55°C. Beta-amylase is similarly heat
labile? but has been shown to be critical to the production of
fermentable sugars over a range of mashing temperatures®.
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FiG. 3. Relationship between malt diastatic power and mature barley
grain beta-amylase in samples from the 1991 harvest (site 1).

Barley Grain beta-Amylase as a Predictor for Diastatic Power

For the 1991 harvest site 1 samples, the total beta-amylase
activities in resting barley grains were good predictors for
activities in the corresponding green malts (r2 = 0.64) and for
malt diastatic power (r* = 0.50, Fig. 3). Similar relationships
between grain bera-amylase and diastatic power were found for
samples from Site 2 in the 1991 harvest (r* = 0.35, Fig. 4a) and
from the 1994 harvest (r?=0.61, Fig. 4b). In Fig. 4b the
pooled data are differentiated by cultivar. Independent analysis
of the 1994 harvest samples (kilned) for diastatic power by two
commercial maltsters using the Institute of Brewing Fehlings
titration procedure!? yielded similar correlations (r* values of
0.51 and 0.49). These data from two harvests support the
proposal that the analysis of the mature seed for betg-amylase
enables the prediction of diastatic power in the corresponding
malts># 1,

Genotype and Environmental Effects on the Prediction of
Diastatic Power

While the pooled data in Figs 3, 4a and 4b individually show
good correlations between total grain beta-amylase and malt
diastatic power, complexities arise with this simple model to
predict diastatic power. The levels and ranges of diastatic
powers and beta-amylase activities determined in the 1991
harvest samples were substantially greater than those deter-
mined in the 1994 harvest samples, which were approximately
half the typical levels of 10-20 pM/s/Kg. An analysis of vari-
ance of the 1994 harvest data showed that both diastatic
activity and total grain beta-amylase were significantly affected
by genotype and location (p < 0.001 for each). For example,
the diastatic powers and beta-amylase activities of cultivar
WBI85 ranged from 7.2-10.9 puM/s/Kg and 502-1032 U/g res-
pectively, compared to 6.0-7.6 mM/s/Kg and 460-711 U/g for
cultivar WB136, and the bera-amylase activities of all but one
cultivar grown at Wagga exceeded those of cultivars grown at
Yanco. The effects of these variables on diastatic power have
also been reported by other Australian studies'. Consequently,
both factors must be accounted for when relationships between
grain beta-amylase and diastatic power are being considered.

A forwards stepwise regression analysis of the 1994 data
found that diastatic power was significantly related to beta-
amylase and cultivar (r? = 0.76, p < 0.001). Thus the use of a
single regression curve from pooled data to relate diastatic
power and beta-amylase could be misleading. Protein con-
tent and protein/bera-amylase interactions were not significant
(p < 0.05) when fitted to the model after beta-amylase. The
regression equations for individual cultivars describe curves






