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ABSTRACT
J. Inst. Brew. 111(1), 33-41, 2005

To increase brewing yield and efficiency, malts with high extract
values, high enzymic activities and good modification are essen-
tial. To produce malt that meets these requirements, the barley
employed must have minimal post-harvest dormancy and be able
to germinate vigorously. The aims of this study were to deter-
mine the extent to which some Australian barley varieties
changed during post-harvest storage, how these changes influ-
enced germination characteristics, enzyme production and malt
quality, and, of the germination tests examined, which gave the
best indication of a barley’s malting potential.

Four commercially grown barley samples were obtained, one
from Tasmania and three from Victoria. Each sample was stored
at room temperature for one year. At monthly intervals, samples
were taken and placed at —18°C. The germinative energy (GE)
and germinative index (GI) of these samples were measured.
Samples were also micro-malted and the quality of the malt was
assessed using standard EBC methodology.

Storage at room temperature positively influenced the germi-
nation characteristics of all samples, with concomitant improve-
ments in hydrolytic enzyme production during malting and in a
number of malt quality parameters. It was found that, of the
germination tests examined, the GI consistently correlated with
enzyme activities during malting and with various malt quality
parameters thus indicating that the GI is a good indicator of
malting potential.
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Abbreviations used: AAL (Apparent Attenuation Limit), d
(days), DP (Diastatic Power), FAN (Free Amino Nitrogen), GE
(germinative energy), GI (germinative index), h (hours), KI (Kol-
bach Index).

INTRODUCTION

Malt is one of the major ingredients used to manufac-
ture beer and therefore the quality of the malt is of para-
mount importance. Malt is produced by the controlled
germination of barley grains (Hordeum vulgare L.), which
is initiated by steeping barley grains in water, followed by
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germination and kilning periods. The major objectives of
the malting process are to hydrolyse barley’s endosperm
cell walls (predominantly (1—3,1—4)-B-glucan), hydro-
lyse a portion of the endosperm protein, produce a quan-
tity of enzymes within the grain that are further utilised
during brewing (e.g. a-amylase), and to develop desirable
malt colour and flavour®. To ensure that these objectives
are met during the time-limited malting process (usually
6 days), the barley employed must be able to germinate
rapidly and uniformly?®. Dormancy is a common charac-
teristic of seeds that retards rapid and uniform germina-
tion* and thus it has the potential to affect malt quality
adversely.

It is well established that barley grain dormancy is in-
fluenced by genotype!®, and environmental conditions
during development?”-*2, For example, short days and low
temperatures have been shown to increase dormancy,
while long days and high temperatures have been shown
to decrease dormancy®. These environmental effects are
to some extent responsible for the strong dormancy char-
acteristic of European barley, and the minimal dormancy
characteristic of Australian barley.

Due to the prevalence of dormancy in European barley,
methods for removing dormancy have been developed. It
is known that storage of European barley after harvest
(after-ripening) significantly changes the dormancy state
of the grain and thus the germination characteristics.
These changes are dependent on the storage conditions,
with cool dry conditions minimising dormancy loss, and
warm humid conditions accelerating dormancy loss®. Dor-
mancy decay models for European barley using maximal
germination data®® and rate of germination data'!' have
been produced to enable European maltsters to predict
dormancy decay during storage. Due to Australian barley
having minimal dormancy, and the perceived insignifi-
cance of the effect of dormancy on germination and malt
quality, there are few studies examining the extent to
which Australian barley changes after harvest. The first
aim of this study was to determine the extent of dormancy
in some common Australian barley cultivars, and the char-
acteristics of its decay during storage for one year.

Although it is known that storage of European barley
under appropriate environmental conditions removes dor-
mancy and improves germination characteristics, there
has been little documented regarding dormancy decay and
its subsequent effect on malt quality. A study employing
non-dormant European barley (germinated within three
days) found that storage for up to one year increased malt
quality parameters such as the Hot Water Extract and the
Kolbach Index (KI)'®. A study with New Zealand barley
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Table 1. Variety, growing location, harvest date, protein content and moisture content of the

Australian barley samples employed in this study.

Month and year Protein Moisture
Variety Growing location  of harvest (% d.b.) (%)
Franklin Central Victoria December 2000 10.1 £ 0.1 10.1£0.2
Arapiles Central Victoria December 2000 122 +0.0 9.9+0.0
Schooner Central Victoria December 2000 8.9+0.0 9.5+0.1
Franklin Tasmania March 1999 123 +0.1 13.4+£0.0

(% the standard errors of the means, n = 3)

found similar results®’. However, a study with Australian
barley indicated that germination characteristics and malt
quality did not improve during storage’!. The extent to
which changes during storage affect malt quality requires
further clarification. The second aim of this study was to
determine if storage of barley significantly influenced
enzyme production during malting (a key malt quality
characteristic) and resultant malt quality.

Within the malting industry, the ability of barley to
germinate is measured using standard tests called the ger-
minative energy (GE), and the germinative index (GI)'.
The GE is the total number of grains that germinate over
72 h of incubation under specified conditions, while the
GI is the rate of germination over this period. The germi-
nation characteristics are influenced by the amount of
water added, such that grains that do not germinate well
in excess water are said to be water sensitive’. It is not
currently documented whether any of these tests relate to
enzyme production during malting or malt quality, espe-
cially the important hydrolases, (1—-3,1—4)-B-glucanase
and a-amylase. The third aim of this study was to exam-
ine this relationship.

MATERIALS AND METHODS

Barley properties and storage

Commercially grown and harvested Australian barley
samples were obtained from Tasmania (grown in 1999)
and Victoria (grown in 2000). Samples were cleaned using
a XT3 Dockage Tester (Carter Day Company, USA) with
a 2.2 mm screen (feed control set at 3 and air control set
at 9). The moisture and protein contents of each sample
were determined in triplicate, using European Brewery
Convention methods' 3.3 and 3.3.2, respectively (Table I).
Cleaned samples were stored at room temperature (22—
27°C), between 38-44% relative humidity for approxi-
mately one year. These storage conditions are typical of
commercial Australian storage conditions. Each month
after harvest (time zero), three kilogram samples were
sealed in polyethylene bags and, following a well estab-
lished practice®®, stored at —18°C to halt further changes
until experimentation. A small initial study revealed that
storage at —18°C had no impact on barley germination and
was able to slow down post-harvest storage induced ger-
mination changes. The sampling period and frequency of
the Tasmanian Franklin barley differed from the others as
it was used as a preliminary study.

Germination testing

The 4 mL and 8 mL germinative energy (GE) and ger-
minative index (GI) of all monthly samples were deter-
mined using a modification of the European Brewery Con-
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vention methods' 3.6.2 and 3.7. Following usual Austra-
lian malting laboratory technique, grains were randomly
aligned on the filter papers rather than ventral side down
and incubated at 25°C in darkness.

Malting

Before commencing micro-malting in an Automated
Joe White Malting Systems Micro-malting Unit (Perth,
Australia), samples (440 g) of each variety and storage
date were removed from the freezer and left at room tem-
perature for two hours. Samples were placed randomly
within the micro-malting unit. The malting program con-
sisted of a 21 h interrupted steep program (17°C, 8.5 h
submerged, 10 h air rest with 70% airflow, 2.5 h sub-
merged), a 96 h germination program (17°C, 70% airflow,
1 turn every 6 h for the first 48 h, followed by a turn every
1 h) and a 21 h kilning program (Table II). Additional
water (25 mL) was manually applied at 24 h of germina-
tion, and additional water was applied at 48 h and 72 h
germination to generate moisture contents of 46% (by
weight). Micro-malting and malt analysis was performed
in duplicate for the Tasmanian Franklin samples, and in
triplicate for the Victorian samples. All samples were ana-
lysed in a random order.

Enzyme activity assays

At the end of germination (prior to kilning) “green
malt” samples were taken for analysis (10 grains for a-
amylase and 20 grains for (1—3,1—4)-B-D-glucanase
[hereafter referred to as B-glucanase]), frozen on dry ice
and stored at —18°C. For enzyme assays, samples were
removed from the freezer and immediately homogenised
in cold extraction buffer using a X620 homogeniser with
a T20 shaft (Ingenieurbiiro CAT, M. Zipperer GmbH,
Staufen, Germany). For the a-amylase assays, each sample
was homogenised in 100 mL (total volume) of buffer,
consisting of 50 mM sodium malate, 50 mM sodium chlo-
ride, 2 mM calcium chloride and 0.8 mM sodium azide,
adjusted to pH 5.2. For the B-glucanase assays, samples
were extracted in 50 mL (total volume) of buffer, consist-
ing of 40 mM sodium acetate, 40 mM sodium phosphate

Table II. Micro-malting kiln program employed to dry and cure germi-
nated barley samples.

Airflow Recirculated Temperature Duration
(%) air (%) 0) (h)
80 0 50 8
80 0 55 2
80 20 60 2
100 40 65 2
100 60 70 2
100 80 75 2
100 80 80 3




and 3 mM sodium azide, adjusted to pH 4.6. The a-amy-
lase activities were determined using ‘non-reducing-end
blocked p-nitrophenyl maltoheptaoside’ (BPNPG7) sub-
strate”> (Megazyme Ltd., Ireland). The B-glucanase activi-
ties were determined using azo-barley glucan substrate
(Megazyme Ltd., Ireland). Samples were randomised and
assayed in duplicate. The statistical differences between
means were assessed using a t-test function.

Malt quality analysis

The malt moisture content (EBC method 4.2) and corre-
sponding extract (EBC method 4.5.1), Kolbach Index (KI;
EBC methods 4.3.2 and 4.9.3), viscosity (EBC method
4.8), apparent attenuation limit (AAL; EBC method
4.11.1) and colour (EBC method 4.7.1) were determined
according to European Brewery Convention methods!.

Malts were ground using a Biihler Universal Labora-
tory Disc Mill (DLFU type), with the gap between grind-
ing discs set at 0.2 mm'. Ground malts (10 g) were ex-
tracted in 200 mL of 86 mM sodium chloride solution for
2 h at 20°C. Extracts were filtered through 18 cm double
rings grade 101 filter papers (Livingstone International,
Rosebery, NSW, Australia) into 250 mL Erlenmeyer
flasks. The malt a-amylase activity, B-glucanase activity,
diastatic power (DP), and corresponding wort (1—3,
1—4)-B-D-glucan (hereafter referred to as (3-glucan) con-
tent were determined using a Skalar Automated Seg-
mented Flow Analyser (Breda, The Netherlands), with
flow rates set according to Skalar specifications®.

For a-amylase activity determination, extracts were di-
luted appropriately with buffer (38 mM sodium chloride,
30.5 mM sodium acetate, 15.8 mM acetic acid, pH 4.7)
and mixed with a 0.375% [3-limit dextrin solution (Mega-
zyme Ltd. Ireland; made up in the above buffer) at a rate
of 1:5 (diluted sample: 3-limit dextrin solution) for 10 min
at 35°C. To quantify the amount of starch degradation, an
iodine solution (0.6 M potassium iodide plus 0.1 M io-
dine) was incorporated at a rate of 1:12.5 (diluted sample
plus B-limit dextrin:iodine solution) and the absorbance
of the resultant blue colour was measured at 610 nm.

To assay P-glucanase activity, extracts were mixed
with a (3-glucan substrate solution containing 0.8% [3-glu-
can (Megazyme Ltd, Ireland) in 0.1 M sodium acetate
(adjusted to pH 5.0 with 1 M acetic acid) at a rate of 1:2
(extract: 3-glucan solution). After 10 min at 50°C, the
reducing sugars formed were quantified by incorporating
a di-nitro salicylic acid solution (50 mM di-nitro salicylic
acid, 0.4 M sodium hydroxide, 1 M potassium sodium
tartrate, 0.05% sodium dodecyl difenyloxide disulfonates
[Skalar, Breda, The Netherlands]) at a rate of 1:2.5 (ex-
tract plus B-glucan:di-nitro salicylic acid solution). The
resultant mixture was incubated for 10 min at 95°C, and
the absorbance was measured at 540 nm.

For DP determination, the extracts were diluted appro-
priately with buffer (85 mM sodium chloride and 0.06%
polyoxyethylene lauryl ether) and mixed with a buffered
starch solution (2% soluble potato starch [Sigma, St.
Louis, MO, USA], 30 mM sodium acetate and 30 mM
acetic acid) at a rate of 1:7.5 (diluted extract: starch solu-
tion). After 10 min at 35°C, the reducing sugars formed
were subjected (through an electron selective membrane)
to an alkaline potassium ferricyanide solution (1.9 mM

potassium ferricyanide, 0.2 M sodium carbonate and
0.06% polyoxyethylene lauryl ether [Skalar, Breda, The
Netherlands]) at a rate of 1:1.2 (extract plus starch solu-
tion: potassium ferricyanide solution). The alkaline potas-
sium ferricyanide solution was heated to 95°C for 10 min
and the absorbance was measured at 420 nm.

For wort B-glucan quantification, wort samples were
prepared according to EBC methods!, diluted appropri-
ately with 0.01% sodium dodecyl diphenyloxide disulfo-
nate (Skalar, Breda, The Netherlands), and mixed with a
fluorescent brightener solution (21.8 uM fluorescent
brightener [Sigma F-3543, St. Louis, MO, USA] in 0.1 M
glycine, adjusted to pH 10.0 with 8 M sodium hydroxide)
at a rate of 1:6 (diluted sample: fluorescent brightener so-
lution). The B-glucan plus fluorescent brightener complex
was excited at 365 nm and the fluorescence emission was
measured at 425 nm.

The statistical differences between means were assessed
using a t-test function.

Relationship between germination parameters,
enzyme activities and malt quality

The relationships between the germination parameters
(4 mL GE and GI, 8 mL GE), a-amylase activity and 3-
glucanase activity at the end of germination (prior to kiln-
ing), and the final malt extract, KI, a-amylase and 3-glu-
canase values were assessed using the product moment
correlation coefficient (r) and its statistical significance.

RESULTS AND DISCUSSION

Germination parameters

During storage of the Victorian barley samples for ap-
proximately one year, minimal changes in the 4 mL GE
values were observed (Fig. 1A). However, during storage
of the Tasmanian Franklin sample, the 4 mL GE value
increased from approximately 35% to 96% within the first
70 days (Fig. 1A). After this time, the 4 mL GE values
remained high. As the conditions employed in the 4 mL
GE test are very favourable to germination, this test is
commonly used as a measure of barley dormancy and
malting ability. These results therefore show that the sam-
ples employed in this study had minimal dormancy. The
lower 4 mL GE value of the Tasmanian Franklin sample
directly after harvest indicates that this sample had
slightly greater dormancy than the Victorian samples (Fig.
1A). Previous studies have found that colder conditions
during grain ripening promote dormancy in both barley33
and wheat¥. It is reasonable to suggest that the cooler
growing conditions experienced in Tasmania would have
increased the dormancy of this sample. However, since
this sample was grown in the previous year, the growing
season may have also had some impact.

The 8 mL GE trends were inconsistent as the Victorian
sample’s values increased throughout storage, while the
Tasmanian Franklin values remained low (Fig. 1B). Since
the 8 mL. GE test employs double the amount of water,
this test gives a measure of barley water sensitivity. There-
fore, the data in Fig. 1B indicates that the Victorian bar-
leys were all initially water sensitive, and that this sensi
tivity diminished during storage. In contrast, the Tasma-
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Fig. 1. The 4 mL germinative energy (A), 8 mL germinative energy (B) and germinative index (C)
changes during storage of Victorian Franklin (M), Victorian Arapiles (A), Victorian Schooner (O)
and Tasmanian Franklin (@) barley for approximately one year. (Error bars represent the standard
errors of the means. Where error bars are not visible they are smaller than the symbol. n = 4.)
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nian Franklin behaved differently, remaining water sensi-
tive throughout storage. The ability of barley to overcome
water sensitivity during storage has been demonstrated
with European barley®!>?23, Nevertheless, the mecha-
nisms responsible for water sensitivity remain unknown.
Microbes associated with the grain are thought to play a
role in water sensitivity?, although other factors seem to
be involved, since treatment of barley with anti-microbial
agents does not consistently overcome water sensitivity?>.
Other reports have suggested that the pericarp is the main
controller of water sensitivity and dormancy, as removal
or damage to this tissue has shown to decrease both dor-
mancy and water sensitivity without affecting the mi-
crobial load**?'.

The continued water sensitivity of the Tasmanian
Franklin sample throughout storage is unusual (Fig. 1B).
It has been shown that European barley stored in a moist
cool environment does not recover from water sensitivity
as quickly, nor to the same extent as barley that has under-
gone heating and drying regimes'®. Thus, the cool climatic
conditions in Tasmania during growth and maturation,
along with the higher sample moisture content (Table I),
may have been responsible for the persistent water sensi-
tivity throughout storage. The conditions in Tasmania may
also have increased the barley microbial load, as it was
noticed during 8 mL GE testing of this sample that the
odour and colour was indicative of high microbial activity.
This microbial population possibly proliferated during 8
mL GE testing and hindered germination so that improve-
ments in water sensitivity could not be observed.

The GI values of all barley samples gradually in-
creased during storage (Fig. 1C), as a result of an increase
in germination rate. For the Victorian samples, the GI and
8 mL GE data increased similarly (Figs. 1B and 1C), indi-
cating that the rate of grain germination and the ability of
the grain to germinate in excess water (water sensitivity)
might be controlled by similar mechanisms. However, the
Tasmanian Franklin sample did not perform in the same
way, with consistently low 8 mL GE values and increasing
GI values throughout storage (Figs. 1B and 1C).

Enzyme production and malt quality

Storage of all samples significantly increased the abil-
ity of the grain to produce a-amylase and (-glucanase
during subsequent malting (Fig. 2A and 2B). The a-amy-
lase activities of the Victorian samples increased in a simi-
lar manner, reaching a plateau between 198 d and 290 d of
storage (Fig. 2A). Similarly, the 3-glucanase activities of
the Victorian samples increased throughout storage, al-
though no plateau was observed towards the end of stor-
age (Fig. 2B). The a-amylase and B-glucanase activities
of the Tasmanian Franklin did not show the same changes
as the Victorian samples, with an increase over the first
323 d of storage, followed by a sharp escalation during
the last 60 d of storage (Fig. 2A and B).

Although not as pronounced, the increases in kilned
malt a-amylase and B-glucanase activities with storage
reflected the changes in green malt activities (Fig. 3).
Given that a-amylase and B-glucanase belong to a group
of hydrolases synthesised by aleurone cells in response to
gibberellin'?, these increases are likely to be accompanied
by increases in the production of other hydrolases synthe-

sised by the aleurone in response to gibberellin, such as
a-glucosidase’®, limit dextrinase’ and proteases®, all of
which would contribute to improved malt performance
within the brewery.

The DP of all malt samples increased slightly with bar-
ley storage time (Fig. 3). It has been established that 3-
amylase originating in the starchy endosperm is the major
enzyme contributing to malt DP*!* and that, during germi-
nation, proteases synthesised by the aleurone release [3-
amylase from the protein complex rendering it active!”!8,
Therefore, the observed increase in malt DP is presuma-
bly due to increased protease synthesis during malting,
resulting in increased starchy endosperm protein hydroly-
sis and greater release of 3-amylase (not measured). In-
creased synthesis of other starch hydrolases during
malting, such as a-amylase (Figs. 2A and 3) could also be
partly responsible for this increase.

The KI of all malt samples significantly increased with
barley storage time (Fig. 3). Since the KI is the ratio of
the wort nitrogen (soluble) to total nitrogen (total), it gives
a good indication of proteolysis during germination®.
Thus, storage increased the ability of the grain to hydro-
lyse protein during malting, presumably due to an in-
crease in protease synthesis during germination.

The malt extract values of all samples increased with
barley storage time. Extract increases were in the order of
2% for the Victorian samples and 1% for the Tasmanian
Franklin sample. It is well established that extractable
substances from malt and hence extract values are influ-
enced by the extent of endosperm cell wall and protein
modification during malting®. The increased synthesis of
hydrolases (a-amylase, B-glucanase and presumable pro-
teases) during malting of stored barley and would have
resulted in greater endosperm cell wall (predominately 3-
glucan) and protein modification during germination
(Figs. 2B and 3), thus leading to the observed increases.

The wort B-glucan content and the wort viscosity after
malting both decreased with barley storage time. 3-Glu-
can is a large endosperm cell wall polysaccharide that can
contribute to wort viscosity*, and degradation during
malting by (-glucanase causes a reduction in wort 3-glu-
can levels and wort viscosity. The observed increase in
malt B-glucanase activity with barley storage is likely to
be associated with the observed decrease in wort 3-glucan
and wort viscosity of all samples (Fig. 3).

The malt AAL values of the Victorian samples in-
creased progressively with barley storage time. The AAL
is a measure of the ability of yeast to ferment wort, and it
reflects the quantity of fermentable sugars and wort nutri-
tional factors such as, free amino nitrogen (FAN)?. Due to
the increase in hydrolytic enzyme activities and protein
modification described above, storage of barley most
probably also led to an increased level of fermentable
sugars and/or FAN in malt and wort (not measured di-
rectly), thus increasing AAL values.

Storage of the Victorian barley samples, followed by
malting caused the colour of the subsequent malt to in-
crease. The extent of malt colour formation (and thus wort
colour) depends on the temperature and duration of kiln-
ing, and also on the quantity of sugars and amino acids
formed during malting®. Since samples were randomised
within the micro-malter, and kilning was consistent be-
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Relationship between germination parameters
and malt quality

The correlation coefficients between the 4 mL GE
values and malt quality (germination enzymes and final
malt quality) were generally poor, with a mean correlation
coefficient of 0.534 (Table III). Although the 4 mL. GE
gives an indication of barley’s ability to germinate, it is
unable to distinguish between samples that germinate at
different speeds within three days, and therefore does not
give a good indication of malting potential.

The correlation coefficients between the 8 mL GE
values and malt quality (germination enzymes and final
malt quality) were inconsistent, with only four out of the
six correlations significant (Table III). Overall, the 8 mL
GE did not relate well to enzyme production or malt qual-
ity (mean correlation coefficient of 0.560), and should not
be used solely to assess malting potential. If the 8 mL GE
is used to assess malting potential, samples that show a
high degree of water sensitivity (such as the Tasmanian
Franklin sample), may be excluded from malting, even
though they have the ability to produce high quality malt.
In practice, if maltsters must use water sensitive barley,
they attempt to compensate by reducing the period sub-
merged in water. It is commercial lore that this practice
accommodates water sensitivity, allows the grain to ger-
minate more rapidly and thus improves malt quality.

The correlation coefficients between the GI values and
malt quality (germination enzymes and final malt quality)
were significant, with a mean correlation coefficient of
0.744 (Table III). Of the tests employed, the 4 mL GI mean
correlation coefficient was the largest, indicating that this
test gives the best indication of barley’s malting potential.
Although the increases in the GI values during storage
seemed small, they were closely associated with the large
increases in enzyme activities during malting, and the
final malt quality improvements. For example, the GI of
the Victorian Schooner increased from 6.1 to 8.6 over the
first 195 d of storage, with corresponding increases in
germination a-amylase activity, germination B-glucanase
activity and malt KI of 60%, 49%, and 23% respectively
(Figs. 1C, 2A, 2B and 3).

Because the GI calculations and thus results are very
dependent on the number of grains that germinate within
the first 24 h, the correlation between the GI values and

Table III. Correlation coefficients (r) between combined germination
values (4 mL GE, 8 mL GE, and GI) and malt quality (germination
a-amylase and B-glucanase, final malt extract, KI, a-amylase and
B-glucanase).

GI 4mLGE 8mLGE
Germination
a-Amylase (U/5 grains) 0.794* 0.458* 0.482*
B-Glucanase (U / 100 0.701* 0.554* 0.823*
grains)
Final malt
Extract (% d.b.) 0.528%* 0.430 0.279
KI 0.833* 0.405 0.294
a-Amylase (DU) 0.848%* 0.726* 0.718*
B-Glucanase (U/Kg) 0.762* 0.631* 0.765*
Mean 0.744 0.534 0.560

*Denotes correlation coefficient (r) is significant (p < 0.05), n = 19.
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the 24 h germination results was examined. A very good
correlation was found between these two parameters (r =
0.995). Thus, if a quick assessment of GI is required, the
24 h germination result can be used successfully. This
finding concurs with results using European barley as re-
ported by Robson and Woods*.

Maltsters currently rely heavily on the 4 mL GE, and to
a lesser extent the 8§ mL GE to predict malting potential.
However, the results of this study indicate that the GI (and
the 24 h germination result) is a much better predictor of
grain germination vigour, of its ability to produce
enzymes during malting and of final malt quality. As the
GI value is a measure of the rate of germination only, it
does not give any indication of grains that take longer
than 72 h to germinate (very dormant or dead grain).
Therefore, maltsters may still need to employ the 4 mL
GE as a measure of the total number of grains capable of
germinating within 72 h. Routine monitoring of barley
GE and GI values will increase the maltsters ability to
select barley samples with the capability to produce opti-
mal amounts of hydrolytic enzymes during malting. This
has the potential to increase germination uniformity and
thus malt quality. Alternatively, storing barley and moni-
toring GE and GI values will allow better management of
barley stocks to produce optimal quantities of hydrolytic
enzymes during malting. As has been completed for Euro-
pean barley!!?%, models to predict Australian barley GE
and GI changes at different temperatures and moisture
contents should be developed. This will allow ultimate
control of barley germination characteristics and resultant
malt quality changes during storage.

CONCLUSIONS

It is concluded from this study that a) Australian barley
grains can change significantly during storage at room
temperature for up to 380 days, b) these changes can sig-
nificantly increase the rate of barley grain germination (as
measured by the GI), c) these changes can significantly
increase the ability of the grain to produce hydrolytic en-
zymes during malting and improve malt quality parame-
ters, and d) of the barley germination tests, the GI corre-
lates well with enzyme production during malting and
with final malt quality.
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