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DIFFERENCES IN MALTING PERFORMANCE BETWEEN BARLEYS GROWN IN SPAIN

AND SCOTLAND
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Two barley genotypes were grown, in 2 seasons, at sites in both Scotland and Spain. The

development of enzyme levels and endosperm modification were assayed, over the final 3 days of

malting. Spanish grown samples demonstrated faster and more extensive synthesis of both a-amylase

and p-glucanase, more rapid cell wall modification and a greater reduction in milling energy during

malting than Scottish grown samples. Malt milling energy was strongly associated with cell wall

breakdown, which was a limiting step in modification of Scottish, but not Spanish, grown samples.

Extract levels were not related to a-amylase activity, but Kolbach index exhibited an association with

extract at both sites.
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Introduction

The barley mutant genotype TR49 was induced in the cultivar

Troubadour and demonstrated to be superior for a range of

malting properties9. Initial data was derived, however, from

sites in Spain10 and, although Spain is one of the major

European barley growing nations, the spectrum of cultivars

generally differs considerably from that grown in north western

Europe4. Consequently it was decided to compare the mutant
with its parental genotype, when both were grown in a very

different environment.

Initial studies of the two genotypes grown in Scotland13,

suggested that both had a high level of post harvest dormancy.

In addition, TR49 had a lower level of milling energy than its

parent cultivar, under Scottish conditions, a reverse of the

result observed in Spain. This character, which is a determin

ation of the mechanical energy used in milling a given sample

of grain to flour, generally has a negative association with the

malting potential of western European barleys3. Genotypes

with a low resistance to milling have a mealy endosperm

structure, which is more readily disrupted by enzymes during

the malting process2.
As the grain structure is disrupted, milling energy is reduced

and this can be exploited as a determinant of the breakdown,

or modification, of the endosperm during malting". When a

direct comparison between Scottish and Spanish grown

samples of the two genotypes was made, milling energy reduc

tion during malting was greater in the Spanish grown samples

and this was attributed to more rapid degradation of the

endosperm cell walls'4. Uptake of water into the grain, during

the steeping phase of malting was, however, slower in the

Spanish grown samples, but this was attributed to the higher

levels of grain protein14. High levels of insoluble storage

proteins, especially in the sub-aleurone layer, may restrict the

movement of water into the inner endosperm*.

Comparison of the Scottish and Spanish grown samples was

extended to a second season and a reversal of the results for

water uptake was observed8. In the second year, protein levels

in the Spanish grown samples were greatly reduced from those

of the previous year, but they were still higher than those

observed at the Scottish site. In addition, the hot water ex

tracts, of fermentable sugars, obtained at the end of malting

were higher in the Spanish grown compared to the Scottish

grown samples8.

Higher protein levels have historically been regarded as a

deleterious malting quality factor, so it was decided to examine

the malt samples in greater detail. In particular, attention was

paid to levels of enzymes, between 3 and 5 days germination,

and how both quantity and rate of synthesis might influence

the pattern of endosperm modification.

Materials and Methods

The two spring barley genotypes, Troubadour and TR49 were

grown in replicated trials at Mylnefield, Dundee (Scotland)

and Bcll-Lloc, Lleida (Spain) in 1991 and 1992 as previously

described*. After harvest, grain was cleaned and sieved. Only
the grain that passed over a 2.5 mm sieve was used for sub

sequent analysis.

Malting was carried out as described by Molina-Cano et

al.9, but duplicate samples were taken after 3, 4 and 5 days of
the germination stage. Malt analyses, i.e. extract, a-amylase

and Kolbach index, were performed in accordance with the

European Brewery Convention recommended methods5. P-

glucanase levels were determined by an enzymic method7.

Milling energy of the malt samples was measured with a

Comparamill3 and cell wall modification was determined by
use of the Carlsberg Malt Modification Analyser1.
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Fig. la. Malt characters after 3,4 and 5 days germination during malting, in samples of Troubadour and TR49 grown in Spain and Scotland in

1991 and 1992.

Hot water extract and Kolbach index.

Grain muling energies had been previously measured8, so the Resets and Discussion
loss of milling energy during malting (MEL) was determined

by subtraction, as a measure of endosperm breakdown, or Mall analyses

modification, during malting12. Results for hot water extract (Fig. la) showed increases
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Fig. I b. Malt characters after 3, 4 and 5 days germination during malting, in samples or Troubadour and TR49 grown in Spain and Scotland in

1991 and 1992.

Enzyme activities.

between 3 and 5 days of germination, in both years at both

sites. In addition, results for TR49 were slightly, but signi

ficantly, higher than those for Troubadour (Table I). Samples

grown in Scotland gave higher results than those grown in

Spain, in 1991, but the Spanish grown samples had higher

extracts than the Scottish grown in 1992. Consequently, while

the effect of site was significant, there was highly significant

site x year interaction.






