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ABSTRACT 

J. Inst. Brew. 115(2), 128–133, 2009 

Hull-less (or husk-less) barley is possibly one of the most impor-
tant developments in barley in recent years. This study looked at 
the potential of hull-less barley for use by the Scotch whisky 
industry. By modifying the malting conditions for hull-less bar-
ley, it was possible to provide good alcohol yield as well as sig-
nificant improvements in processing characteristics. The bio-
chemistry controlling the germination of hull-less barley was 
consistent with established knowledge about ‘normal’ hulled 
barley except that care is needed to ensure the consistency of 
feedstock, particularly since hull-less barley may be prone to 
embryo damage during harvesting in the field. Our results indi-
cated that the new batches of hull-less barley studied, produced 
malt that gave much improved mash filtration rates in compari-
son with previous batches of material. These experiments 
demonstrated that by changing the malting conditions, to give a 
much shorter steeping cycle (8 h), it is possible to reduce water 
usage substantially in the malting industry, since only one ‘wet’ 
cycle was used, and also reduce germination times since opti-
mum alcohol yield was achieved on day 4 germination rather 
than day 5 for conventional husked barley. This could save costs 
in terms of water, energy and time for the malting industry. The 
study also confirmed the potential of hull-less barley for provid-
ing significant benefits for Scotch whisky distillers, both in 
terms of higher alcohol yields, and increased throughput, by 
showing that it is possible to overcome some of the filtration 
issues that have been previously associated with hull-less barley. 
This study indicated that the new material was better suited than 
previous batches to both malt and grain distilling, both in terms 
of enzyme development and potential distillery performance, 
and further showed that viscosity problems associated with grain 
distillery co-products can be significantly reduced when using 
hull-less barley malt in the grain distillery. These would be sub-
stantial potential benefits for the Scotch whisky distilling indus-
try. 
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INTRODUCTION 
The potential use of hull-less (husk-less or naked) bar-

ley for malting and distilling, is possibly one of the most 
important developments in barley in recent years, and has 

the potential to provide important benefits for distillers 
(and maltsters) by giving substantial improvements in 
alcohol yield8,10, lower levels of co-products and energy 
savings for distillers, as well as reductions in water usage 
and malting time for maltsters. Initial work carried previ-
ously at the Scotch Whisky Research Institute (SWRI) in 
2006 (unpublished data) showed that while it is indeed 
possible to obtain very high alcohol yields from hull-less 
barley, these were tempered by the risk of processing 
difficulties with this material. This problem has previ-
ously been ascribed to the lack of a proper filter bed, due 
to the absence of husk material. However, more detailed 
studies suggested strongly that some other aspects of the 
grain were also responsible for some of the difficulties in 
processing, rather than simply the lack of husk. This 
work, published in the Journal of the Institute of Brew-
ing3, indicated that it might be possible to overcome some 
of these processing difficulties by using hull-less barley 
malt as part of mixture with conventional (hulled) malt. 

The previous study3 was based on the hull-less cultivar 
Penthouse, which was a UK National Listed variety. This 
was not specifically designed as a distilling barley variety, 
and the malting conditions used in the previous study 
were not optimal for using this as distilling malt. The re-
sults for this variety on its own were encouraging in terms 
of alcohol yield, reaching its full alcohol yield potential at 
an earlier stage of germination. However, the hull-less 
barley malt gave significant filtration problems in the 
laboratory. 

Since the time when that work was performed, Syn-
genta Seeds were now able to supply samples of a new 
hull-less barley that were considered to be more suited for 
distilling. Malting and processing studies carried out on 
the new batches of material gave very interesting results 
both in terms of a very short steeping regime prior to ger-
mination, shorter malting time, balanced amylolytic en-
zyme development, malt and grain whisky processing 
experiments and very low residue viscosity. The results 
obtained from this study are presented in this paper. 

MATERIALS AND METHODS 

Samples 

The samples comprised of two batches of hull-less bar-
ley coded 7996-08N and 7996-11N, which were grown on 
3 UK trial sites; in Lincolnshire (Strawson), Cambridge 
(Fulbourn) and Fife (Skeddoway), at different nitrogen 
levels. These were sampled carefully by representatives of 
Syngenta seeds, to ensure minimal mechanical damage to 
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the grains, and were sent to the Scotch Whisky Research 
Institute for further study. The sample of hull-less barley 
grown in Lincolnshire (Strawson; see Table I for proper-
ties) gave the most promising results in terms of parame-
ters investigated and was used for the more detailed stud-
ies reported in this paper. The sample set also included a 
control sample of normal hulled Optic barley grown on 
the same site. 

Germination energy (4 mL test) 

Germination tests were carried out as described in 
Method 1.7 of the Recommended Methods of Analysis of 
the Institute of Brewing11. 

Total nitrogen content of barley 

Protein was determined on whole grains by NIR using 
a Foss Infratech 1241 NIR instrument and dividing by a 
factor of 6.25 for total nitrogen. Results were reported as 
a percentage on a dry weight basis. 

Micro-malting of barley 

Laboratory micro-malting of barley was carried out as 
described in previous work2 with a significant modifica-
tion in the steeping procedure. In this modified method, 
barley samples were steeped once at 16°C by immersion 
in water for only 8 h. Samples were micro-malted using 
equipment situated at Heriot-Watt University (Riccarton, 
Edinburgh) (Custom Laboratory Products micro-malting 
equipment (Keith, Banffshire)). After steeping for 8 h and 
germination for 4, 5 and 6 days at 16°C, samples were 
kilned at 50°C (Seeger Kiln, Seeger Machinenfabrik, 
Fellback, Germany) for 16 h, and de-rooted by hand to 
give the finished malt. In this experiment, an Optic control 
was subjected to the same steeping conditions (for 8 h) as 
the hull-less barley. Our previous study compared hull-
less barley and Optic control malted optimally using the 
standard procedure developed for malting hulled barley 
and results obtained in that work have been previously 
communicated in this Journal3. 

Rapid visco-analysis of hull-less malted barley 

Studies of the viscosity properties of malted hull-less 
barley aimed at investigating the modification pattern of 
malt were carried out using a Newport Scientific Rapid 
Visco Analyser® (RVA) instrument supplied by Calibre 
Control (Asher Court, Lyncastleway, Appleton, Warring-
ton, UK), using a standard program for malted barley as 
described previously1,2,9. 

Malt dextrinising units and diastatic power 
Malt dextrinising units (DU) and diastatic power (DP) 

analyses were carried out by a commercial maltster (Crisp 
Malt, Great Ryburgh, Fakenham, Norfolk, UK) using 
standard industry methods. The data obtained from the 

analysis of the malt DU and DP were used in the discus-
sion of the results. 

Mashing, filtration studies and alcohol yield 
from malted barley 

The predicted spirit yield (PSY) was determined essen-
tially as described for the fermentability of unboiled worts 
in Method 2.16 of the Recommended Methods of Analy-
sis of the Institute of Brewing11 as described in our previ-
ous communication3. After mashing, filtration of the 
mashed samples was carried out using Ederol 12 folded 
filter papers (32 cm) (H Rudebeck and Co. Ltd, Haywards 
Heath, UK). During filtration, the time taken to collect 
different volumes of wort was recorded. 

Alcohol yield from wheat using hull-less malt 

The method was based on that of Brosnan et al.7 and 
was described in detail in previous publications in this 
Journal1,3, 4, except that during the mashing stage at 65°C, 
a calculated amount of hull-less or control malt was used 
to hydrolyse the substrates present in the cooked wheat 
slurry. Typically the precision (CV) of the method was 
better than 0.5% (approximately 2 litres of alcohol per 
tonne). 

The aim was to compare the performance of the wheat 
using the hull-less malt with a target alcohol yield value, 
provided by the same wheat using a commercially pro-
duced standard control grain malt. A positive result would 
be one in which the alcohol yield was as good as or better 
than the control, using the commercial hulled grain distill-
ing malt. 

To assess the performance of the malt samples over a 
wide range of distilling wheat quality, the wheat samples 
were selected at low nitrogen (TN = 1.24%) and high 
nitrogen (TN = 2.42%)4. 

The control malt was a sample (barley variety unspeci-
fied) which had been commercially malted for grain dis-
tilling use and which had been obtained from a grain 
distillery, in which it was in full commercial use. 

RESULTS AND DISCUSSION 
Table I shows the results for the 4 mL germination tests 

on each of the samples. The Germination Energy (GE) 
levels that were found indicated that all the samples were 
suitable for malting. The nitrogen contents were suitable 
for micro-malting purposes. The Optic control barley 
sample gave a marginally lower GE, but was still within 
acceptable levels. 

Visually, the malting performance of the current set of 
hull-less samples after a short (8 h) steeping cycle was 
excellent (Fig. 1) and strongly contrasted with the stan-
dard steeping regime, which was originally developed for 
steeping husked barley, and as noted in our previous 
study3, produced excessive acrospire growth during 
germination (Fig. 1A). Acrospire growth following the 
novel short steeping cycle used in the present study was 
found to be normal (Fig. 1B). In Table II the results of 
amylolytic enzymes developed during malting of hull-less 
barley are shown. The hull-less barley malt produced 
good levels of amylolytic enzymes (dextrinising units 
(DU) and diastatic power (DP)), and confirmed that the 

Table I. Properties of hull-less barley samples studied. 

Sample TNa (%) dry GEb (4 mL test) 

7996-11N 2.03 99 
7996-08N 1.82 97 
Optic control 1.74 96 
a Total nitrogen. 
b Germination energy. 
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progress of malting was satisfactory. Fig 1B also showed 
that a more even germination was achieved for hull-less 
barley using the short steep cycle. To confirm satisfactory 
germination of hull-less barley during malting, the RVA 
characteristics of the produced micro-malts were studied. 
Fig. 2 shows the RVA profile of day 4 (Fig. 2A), day 5 
(Fig. 2B) and day 6 (Fig. 2C) germinated hull-less barley 
malt. The drop in viscosity of the substrate after each day 
of germination followed a systematic pattern as germina-
tion progressed. These were consistent with the trends 
identified for normal barley in an earlier discussion on the 
use of RVA to monitor the pattern modification followed 
during the malting of barley that has been reported previ-
ously2. 

These results are of great interest to distillers and malt-
sters because they confirm that with hull-less barley there 
will be considerable savings in water usage as well as in 
malt production costs if the short steep process can be 
optimised for commercial malting practice. 

Filtration studies 
Table III shows the result of the filtration experiment. 

Clearly, both hull-less barley malts produced wort that 
filtered faster and at equivalent rate because a similar time 
was taken to collect equivalent volumes of wort made 
from both hull-less malts. In contrast, the Optic control 
barley malted under similar conditions produced wort that 
filtered very slowly especially for day 4 and 5 malts, with 
filtration times, on the whole, well in excess of 3 h. This 
shows that adequate hydration of the endosperm of hull-
less barley was achieved with a short steeping cycle. This 
was not the case with the Optic control barley. The filtra-

 

Fig. 1. Showing rootlet and shoot growth of hull-less barley during germination. A: Excessive rootlet and shoot growth when a
standard long steeping program was used; B: Rootlet and shoot growth when the very short steeping program was used, showing
normal and homogeneous acrospire growth. 

 

Fig. 2. Rapid Visco-Analysis (RVA) profile of hull-less malt after dif-
ferent days of germination. A: RVA profile of day 4 germinated hull-
less barley malt. B: RVA profile of day 5 germinated hull-less barley 
malt. C: RVA profile of day 6 germinated hull-less barley malt. 

Table II. Amylolytic enzyme development of malted hull-less barley. 

Germination time (days) Sample Malt DUa Malt DPb 

7996-11N 57 136 Day 4 
7996-08N 63 103 
7996-11N 70 143 Day 5 
7996-08N 67 115 
7996-11N 76 167 Day 6 
7996-08N 79 130 

a Dextrinising units. 
b Diastatic power. 
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