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A number of random inbred lines of barley, grown at two sites, were assessed for high gravity
spirit yield. A range of values was obtained and there was good agreement, for nearly all
samples, between high gravity spirit yield and spirit yield predicted from extracts and
fermentabilities measured by Institute of Brewing recommended methods. One sample, which
gave a low predicted spirit yield but good high gravity spirit yield, was shown to have modified
poorly and unevenly. Over both sites, high gravity spirit yield appeared to correlate negatively
with grain nitrogen content, but this reflected large differences between sites in grain nitrogen.
High gravity spirit yield did not correlate with soluble nitrogen, but did with fermentability, so
samples with low levels of fermentability had either low or moderate levels of high gravity
spirit yield. It was concluded that identification of genetic factors, influencing extract and
fermentability, would enhance breeding of barley cultivars suitable for malt whisky distilling.
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INTRODUCTION

The primary requirement of barley cultivars regarded as
most suitable for malt whisky distilling, is to maximise
the yield of alcohol from a given quantity of malt!3. This
property, termed spirit yield, can be predicted from the
fermentable extract of the malt which is the product of
hot water extract and fermentability, the latter determined
by a method based on that of Dolan et al.6. Hot water
extract and fermentability are inherited independently
of each other!4, so it is theoretically possible to obtain
highest spirit yields, by selecting for optimal expression
of both factors.

Recently, there has been considerable research into
the inheritance of quantitative traits, ie factors
controlled by several, or many, genes, which influence
malting, brewing and distilling quality. Quantitative
trait loci (QTLs) associated with hot water extract in
both 6-row® and 2-row!! North American barleys and
also in European genotypes!é have been identified and
their chromosomal location discerned. In addition, six
loci associated with fermentability have been
identified!415, In each instance, selection of the
genotypes expressing the favourable allele at each locus
identifies progeny from crosses which are superior to
either parent.

Obtaining reliable information to locate quantitative
traits such as quality characters, requires assessing large
populations. For that reason, previous studies!®16 have
used data derived by Institute of Brewing Recommended
Methods rather than larger scale techniques which more
clearly reflect current industrial practice. Bringhurst
et al.4 indicated that measurement of fermentability was
still a valid indicator of distillery performance in
contemporary malting cultivars, but its value in
assessing breeding material has not been similarly
evaluated.

Samples purchased for malting come from a restricted
range of cultivars and will also have been selected on the
basis of grain nitrogen content. Breeding lines are likely
to comprise a much wider range of genotypes and
environmental effects may be less predictable, eg hot
water extract determinations on good and poor malting
quality cultivars show differing responses to variation in
grain nitrogen2. At present, there is no published data on
the association between grain nitrogen content and high
gravity spirit yield and how this may be influenced by
genotypes and environments, or effect the efficiency of
selection in breeding programmes. There is need to
verify that selection for the presence of genetic factors
increasing fermentability will produce barleys more
suited to distilling. By utilising inbred lines grown at
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contrasting sites, a preliminary assessment of such a
selection programme will be made in this paper.

MATERIALS AND METHODS

A population of 156 random inbred lines from a cross
between the malting cultivar Derkado and a Breeder’s
Line from the Scottish Crop Research Institute (SCRI)!S
were grown in a trial of two replicates at SCRI, Dundee

spirit yields were higher at Dundee. Differences in spirit
yield between sites appeared to be greater for some
genotypes than others and this led to changes in the
ranking order of the cultivars. Population means (Table I)

TABLE I. Means and standard deviations for HWE,
fermentability and grain and soluble nitrogen, in a population
of 13 lines, grown at 2 sites.

and Sleaford, Lincolnshire, in 1996. Following

Site Dundee Sleaford
harvest, grain was cleaned and the portion retained
by a 2.5mm sieve was used for subsequent testing. Mean S. Dev. Mean S-Dev.
Samples of 30g were malted using the SCRI automated =~ HWE (L°Kg) 305.4%*+ 13.98 289.9 10.28
system!? and assessed for Hot Water Extract and  permenability %) ~ 83.4 1.75 83.1 1.23
Fermentability, by the Institute of Brewing recommended o . e
methods?, except that extracts were based on a 20g grist Grain Nitrogen 08) 120 o111 164 0.126
made up to a final volume of 206ml and fermentabilities ~ Seluble Nitrogen (%)  0.63 0.037 0.62 0.058
were assessed on a 100ml sample!3, Soluble nitrogen  SNR (%) 54.9%4* 6.89 39.1 3.44

was estimated by u.v. spectrophotometry? and grain
nitrogen by the Dumas combustion method5.

+++ differences betwecn sitc means significant at the 0.1% level

From the data obtained, a subset of 13 genotypes was
identified, to give a wide range of fermentable extracts
and, where there was sufficient malted grain to provide
a sample, by combining residuals from both replicates,
cell wall modification was assessed using the Carlsberg
malt modification analyserl. Modification and
homogeneity were calculated from the formulae of
Jensen!0. From each site, grain from the two replicates of
each of the 13 genotypes was combined to provide 26
samples for malting and assessment of high gravity
spirit yield, by the method of Bringhurst et al.4.

RESULTS

A range of high gravity spirit yields was observed at
both Dundee and Sleaford (Fig. 1), but, for all genotypes,

indicated that the higher spirit yields at Dundee
appeared to result from lower grain nitrogen levels and
higher hot water extracts. Previous research!4!5 had
indicated that levels of fermentability were affected by
QTL x environment interactions, but mean fermentabilities
here, were not significantly different between the two sites.

Comparisons between high gravity spirit yields
(HGSY) and spirit yields predicted from fermentable
extracts (PSY)showed good agreement for nearly all
samples and combining data from both sites (Fig. 2) gave
a significant correlation between the two measurements
of spirit yield. Two samples, genotypes 168 at Sleaford
and 172 at Dundee, gave PSYs which were considerably
lower than the HGSYs. Genotype 168 was, however, still
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FIG. 1. High gravity spirit yields obtained from malted barley of 13 random inbred lines
grown at two sites, Dundee (Black) and Sleaford (White), in 1996.
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FIG. 2. Predicted Spirit Yield (PSY) plotted against High Gravity Spirit Yield, for 26 samples of malted barley (13 genotypes at
2 sites). The samples with PSYs indicated are genotypes 168 at Sleaford (333.36 Litres/ Tonne) and 172 at Dundee (361.66 Litres/ Tonne).
r = 0.75, significant at the 0.1% level, for all genotypes. Excluding 168 (Sleaford) and 172 (Dundee), r = 0.89.

the lowest ranked at Sleaford for both measurements,
but, at Dundee, genotype 172 ranked lowest for PSY, but
had a high level of HGSY. Comparison of hot water
extract from the first malting with mash tun extract,

from the high gravity extraction (Fig. 3), gave a similar
relationship to that between PSY and HGSY, with
samples 168 at Sleaford and 172 at Dundee giving very
low hot water extracts.
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FIG. 3. Hot Water Extract (unithermal extraction) plotted against Mash Tun Extract (high gravity method) for 26 samples of
malted barley. The genotypes with HWE% indicated are 168 at Sleaford (67.88) and 172 at Dundee (71.07).

r = 0.65 significant at the 0.1% level.
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The limited availability of residual malted grain
restricted the data which could be obtained and
analysed for cell wall modification (CWM) and
homogeneity. However, all samples appeared to have
high (>80%) or very high levels of CWM at both sites
(Fig. 4). There was a highly significant correlation
between CWM and homogeneity, suggesting that
reduction in percentage CWM resulted from uneven
rather than lower overall modification. Genotype 172
demonstrated considerably lower levels of homogeneity,
at Dundee, than the other genotypes and was also the
lowest for CWM. Genotype 168 showed fairly low levels
of CWM and homogeneity compared to most of the
genotypes at Sleaford, but did not differ from them in
the manner of genotype 172 at Dundee.

100

(SNR). Over both sites, there was a significant correlation
between fermentability and HGSY (Fig. 5), and all
samples with low levels of fermentability had either low
or moderate levels of HGSY.

TABLE IL Correlations between fermentability and grain and
soluble nitrogen for 13 barley lines grown at 2 sites.

Fermentability
Dundee Sleaford
r= r=
Grain Nitrogen  0.582* -0.312
Soluble Nitrogen -0.395 -0.458
SNR -0.639° -0.184

Significant at the 5% level.
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FIG. 4. Homogeneity plotted against Cell Wall Modification for inbred lines of barley grown at two sites. The sample indicated

by the square symbol is genotype 172 (Dundee).
r = 0.79, significant at the 0.1% level.

Over all samples, there was no significant association
between HGSY and soluble nitrogen (r2 = 0.0266). The
negative correlation between grain nitrogen and HGSY
was significant (r2 = 0.3457, 0.01 <P <0.001), but would
not account for most of the variation in HGSY, suggesting
that nitrogen content would have limited value in predicting
distilling performance over a diverse range of genotypes.
When the relationship between fermentability and
nitrogen was considered at each site separately (Table II),
there was no significant association between fermentability
and either grain or soluble nitrogen at Sleaford. At Dundee,
there was a significant positive correlation between
fermentability and grain nitrogen, but a significant negative
correlation between fermentability and soluble nitrogen ratio

DISCUSSION

In general, Institute of Brewing recommended
methods appeared to be a good indicator of breeding
line performance. High levels of PSY were always
associated with high levels of HGSY. The two samples
which gave very low PSYs also had low hot water
extracts and genotype 172 at Dundee, in particular,
demonstrated poorer and less even modification. It was
not possible, given the population size, to generate
sufficiently large malt samples to both identify the
subset for high gravity extraction and carry out that
extraction on the same sample. Consequently, there may
have been some differences between batches of malt, but
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