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Abstract: 

Stirling and Schooner barley are the two main barley cultivars exported from Australia to Japan for use in the 
production of the distilled spirit shochu.  Stirling is a relatively hard grained cultivar and Schooner is a soft 
grained cultivar.  The availability of both cultivars is decreasing as new malting cultivars are being released 
by Australian barley breeding programs.  The question is what is the suitability of these new cultivars for the 
manufacture of shochu?  Due to the lack of facilities and experience with shochu manufacture in Australia, 
we are only able to evaluate the grain hardness and pearling attributes of new cultivars.  This paper examines 
the grain hardness and pearling attributes of the new Western Australian malting barley cultivars Hamelin 
and Baudin, and WABAR2175, a malting crossbred being evaluated for potential release in Western 
Australia in 2005/06. 
 
Using both single kernel characterisation (SKCS) analysis and near infrared (NIR) prediction, the grains of 
Hamelin and Baudin were found to have a similar hardness to Stirling grains across a range of seasons, 
sowing dates, soil types and environments.  As the grain hardness of Stirling increased, Baudin grain 
remained a similar hardness to Stirling, while Hamelin grain became slightly softer.  WABAR2175 on the 
other hand was found to have a grain hardness similar to Schooner but harder than Gairdner.  As with 
Hamelin, the difference in grain hardness between Stirling and WABAR2175 became larger as grain 
hardness in Stirling increased. 
 
When the grain samples were pearled to ~65% yield, the pearling tests showed that for the hard grained 
cultivars, Hamelin had superior pearling quality to Stirling and Baudin.  Hamelin consistently produced a 
pearled product with less broken kernels in all years of testing.  Of the softer grained cultivars, WABAR2175 
had superior pearling quality to Schooner, producing a pearled product with less broken kernels.  Relative to 
Stirling however, WABAR2175 produced a superior product in 2003 but a poorer product in 2002. 
 
No relationship was found between grain hardness and the grain quality parameters grain protein, hot water 
malt extract, grain brightness, average grain weight and grain plumpness.  A negative association between 
hectolitre weight and grain hardness was observed.  No relationship was found between the hardness of a 
cultivar and the level of broken pearls produced, but there was strong positive relationship between grain 
hardness and the time to pearl to a ~65% yield. 
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Introduction: 

Barley grown in Western Australia can be delivered into three segregations – feed, malting and shochu.  The 
highest value is paid to grain delivered as shochu.  Shochu is a distilled white spirit produced in Japan 
predominantly from the fermentation of pearled barley grain (1), but is also made from rice, buckwheat and 
sweet potato.   
 
The process of making shochu involves firstly pearling (or abrading) the grain to remove around 30 to 35% 
of the grain’s outer layers.  The physical characteristics of the grain (grain hardness, grain plumpness, grain 
shape and uniformity) influence the efficiency of the pearling process.  For example, as the hardness of the 
grain decreases, the level of pearl breakage increases and the sound pearl ratio decreases (1).  A high sound 
pearl ratio is required to ensure uniformity with the starch digestion and fermentation processes and is a 
contract specification for shipments. 
 



Stages in the production process include steeping and steaming of the pearls to gelatinise the starch, 
cultivation of an aspergillus fungus on some of the pearl (koji) to develop the enzyme system to digest the 
starch into sugars, fermentation of the sugars into alcohol and distillation of the brew to produce raw shochu 
at an alcohol level between 40-45%.  In contrast to the beer production process, the conversion of starch into 
sugars and sugars into alcohol occur concurrently.  This is then aged and blended as required to produce the 
appropriate style and usually sells at 20-25% alcohol. 
 
The barley used to make shochu is predominantly imported from Australia, with Western Australia 
supplying the cultivar Stirling and eastern Australia supplying the cultivar Schooner.  Stirling is considered a 
hard grained cultivar whilst Schooner is considered a softer grained cultivar (1).  
 
The future of Stirling as a cultivar for the shochu market is expected to be limited due to the recent release of 
the malting barley cultivars Hamelin and Baudin.  This is because Hamelin and Baudin will be sown in areas 
where Stirling has previously been sown and would reduce the potential supply of Stirling for the shochu 
market.  The question is, are Hamelin, Baudin and other cultivars being considered for release suitable for 
use in the shochu industry?   
 
Unfortunately the barley industry in Australia does not have the facilities or experience to evaluate the 
fermentation characteristics, flavour, aroma and yield of the shochu produced by different cultivars.  As a 
consequence we can only evaluate the physical suitability of barley cultivars for pearling.  Evaluating the 
aroma, flavour and fermentation characteristics of new cultivars for use in the manufacture of shochu can 
only be done in partnership with end users such as the Sanwa Shurui Company and this is currently being 
undertaken for Hamelin, Baudin and WABAR2175. 
 
The aim of this study was to firstly quantify differences between current and new malting barley releases in 
their grain hardness when grown in Western Australia and any relationships between hardness and other 
grain quality traits (ie. grain protein).  The second aim was to evaluate the pearling characteristics of 
Hamelin, Baudin and WABAR2175 relative to Stirling and Schooner. 
 
Methods: 

Grain quality was measured on a trial series that ran over three different seasons (2002 to 2004).  In each 
year small plot trials were established at between ten to twenty locations throughout Western Australia.  At 
most locations, trials were sown on two contrasting soil types in the same paddock at two dates of seeding.  
At some locations, trials were sown at one date of seeding on one soil type.  Stirling, Hamelin, Gairdner, 
Baudin and WABAR2175 were sown in all trials, whilst Schooner was only sown in 2003 and 2004.  Grain 
samples were collected from trials harvested with an experimental harvester.  The harvested samples were 
cleaned and de-awned through a Pfeuffer Sample Cleaner Model SLN3 with a 1.5mm cleaning screen.  
Screenings were calculated as % of grain passing through a 2.5mm slotted sieve and were determined by 
placing approximately 100g of barley on a Pfeuffer Sortimat with a three stack setup (2.8, 2.5 and 2.2mm 
slotted sieves) for 2 minutes.  Grain hardness (SKCS hardness units), grain protein (%, db), fine grind hot 
water extract (%, db) and grain brightness (Minolta L) were estimated on a Foss Systems NIRS6500 using 
calibrations developed at the Department of Agriculture, South Perth (Allen Tarr and Stefan Harasymow). 
 
A sub-set of the sites were selected in 2002 and 2003 and analysed for physical and pearling characteristics 
in accordance with the standard test agreed by the industry within Japan.  For pearling, only Stirling, 
Hamelin, Baudin and WABAR2175 were selected in 2002 and 2003, with Schooner included in the 2003 
analysis.  The Perten Instruments Single Kernel Characterisation System (SKCS 4100) was used to measure 
the physical properties of whole grains.  The grain samples were analysed for SKCS hardness (units), weight 
(mg) and diameter (mm).  Whole grain samples were pearled to ~65% pearl yield using a Satake Test Mill.  
Samples were pearled using a revolving speed of 1130 rpm and a grit wheel graded 36P.  Measurements on 
the pearled samples included pearl yield, % broken pearl and pearling time to ~65% yield.  Pearl yield and 
broken kernel ratio were calculated as per Iwami et al. (1).  The SKCS grain hardness and pearling tests were 
conducted at the Australian Grains Centre, Forrestfield.  The difference between this paper and those of 
Iwami et al. (1) and Washington et al. (3) is that we pearled to a set yield in accordance with the industry 
standard test, rather than to a set time. 
 



Results and Discussion: 

Comparison between NIR predicted hardness and SKCS hardness 
The SKCS grain hardness of the sub-set of samples selected from the 2002 and 2003 seasons was compared 
to the predicted grain hardness estimated by near infrared (NIR).  A positive correlation was found between 
the grain hardness predicted by NIR at the Department of Agriculture and the SKCS hardness values 
generated on the SKCS unit at the Australian Grains Centre (p < 0.05) (Figures 1 and 4). 
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Figure 1. Correlation between SKCS grain hardness and NIR predicted grain hardness for the 
cutlivars a) Stirling and b) WABAR2175.  SKCS grain hardness was measured on the Australian 
Grain Centre SKCS unit based at Forrestfield, while the Department of Agriculture developed NIR 
prediction for grain hardness was based on a SKCS unit based at South Perth. 

Grain hardness variation amongst cultivars and management 
The grain hardness of five barley cultivars was predicted by NIR in 141 direct comparisons across a range of 
seasons, soil types, sowing dates and cropping regions (Agzones).  Twenty percent of trials were sown in 
2002, with 40% in each of the other years.  Just under a third of the trials had a sowing opportunity in May, 
with the rest sown in June or July.  Only 20% of trials were located in rainfall regions with annual average 
rainfall below 325mm, with another 30% located in rainfall regions with average rainfall above 450mm. 
 
Stirling, Hamelin and Baudin were found to have a similar predicted grain hardness regardless of season, 
date of seeding, soil type and cropping region (Table 1).  Stirling, Hamelin and Baudin grains were around 4 
to 5 SKCS units harder than grains of WABAR2175 and 8 to 10 units harder than Gairdner grains.  As grain 
hardness in Stirling increased across sites, grain hardness in Baudin also increased proportionately (Figure 
2).  However, for Hamelin, WABAR2175 and Gairdner, grain hardness did not increase as much as Stirling 
as grain hardness in Stirling increased (Figure 2).  For example where grain hardness of Stirling was 40 
SKCS units, the grain hardness in Gairdner was only 5 SKCS units less.  Where grain hardness in Stirling 
was 70 SKCS units, the grain hardness of Gairdner was nearly 15 SKCS units less. 
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Figure 2. Change in NIR predicted grain hardness of a) Baudin and Gairdner and b) Hamelin and 
WABAR2175 as the grain hardness of Stirling increased. 

Schooner was sown in the same trials as Stirling, Gairdner etc. in 2003 and 2004, but not in 2002.  In those 
years the average predicted grain hardness of Schooner was 47.5 SKCS units compared to WABAR2175 at 
49.3 SKCS units and Gairdner at 45.2 SKCS units (data not shown).  The average hardness of Hamelin, 
Baudin and Stirling across 2002 and 2003 was around 54.5 SKCS units or 7 SKCS units harder than 



Schooner.  Washington et al. (3) found that when grown in South Australia, Baudin grain was some 6 SKCS 
units harder than Schooner grain.   
 
The study of Iwami et al. (1) also presented higher hardness values for Western Australian grown Stirling 
than South Australian grown Schooner.  This fits with industry perceptions of the hardness of the two 
cultivars when grown in both South Australia and Western Australia (Portmann and Saint, unpublished data).  
Western Australian grain is generally harder than South Australia grain, even for the same cultivar. 
 
WABAR2175 and Gairdner would therefore be classified as soft grained cultivars like Schooner, compared 
to Hamelin and Baudin which would be classed as hard grained cultivars like Stirling.  Gairdner however is 
slightly softer than Schooner and not suited to the Japanese shochu market. 
 
Table 1. NIR predicted grain hardness (SKCS units) of five barley cultivars sown over a range of 
years, dates of seeding, soil types and cropping regions in Western Australia.  
Variety Stirling Hamelin Baudin Gairdner WABAR2175 
Year 

2002 
2003 
2004 

Average 2002 to 2004 

 
62.2 
55.8 
55.2 
56.9 

 
60.9 
52.5 
54.7 
55.0 

 
61.3 
53.9 
55.0 
55.8 

 
52.8 
43.3 
47.6 
46.7 

 
55.7 
48.4 
50.3 
50.6 

Date of seeding 
May sown 
June sown 

 
56.8 
56.9 

 
54.1 
55.3 

 
56.1 
55.7 

 
46.5 
46.8 

 
50.2 
50.7 

Agzone 
Agzone 1 
Agzone 2 
Agzone 3 
Agzone 4 
Agzone 5 
Agzone 6 

 
57.7 
59.6 
55.1 
66.4 
52.6 
49.3 

 
55.8 
56.9 
54.2 
63.9 
50.9 
48.7 

 
57.0 
58.2 
53.7 
65.0 
51.7 
49.0 

 
48.6 
48.2 
49.2 
53.1 
41.8 
41.3 

 
52.2 
52.5 
50.7 
58.9 
45.6 
45.0 

Soil types 
Non-alkaline duplex soil 
Alkaline duplex soil 
Gravelly soil 
Gradational earth & sandy soil 

 
58.8 
54.9 
52.8 
60.9 

 
56.7 
52.8 
51.2 
59.5 

 
57.5 
54.3 
51.0 
60.8 

 
48.3 
45.2 
42.6 
51.3 

 
52.8 
48.3 
46.4 
54.8 

 
The predicted grain hardness of barley harvested in 2003 was similar to that from 2004, but relatively softer 
than grain harvested in 2002 (Table 1).  The higher hardness of the 2002 grain might be explained by the 
lower total rainfall received throughout Western Australia in that season compared to the 2003 and 2004 
seasons (Table 2).  However, this was not a conclusion supported by Washington et al. (3) for trials in South 
Australia, where growing season rainfall did not correlate well with grain hardness, but was more influenced 
by harvest rainfall.  Receival data collected by the Grain Pool Pty Ltd supports the conclusions of 
Washington et al. (3) (Portmann, unpublished data).  Receival hardness of Stirling across seasons and 
regions is pretty consistent in the absence of harvest rain.  Harvest rain is likely to be the major factor 
contributing to differences in hardness between years and sites. 
 
Table 2. Rainfall (mm) received between May to October for a range of locations and the average 
across those locations throughout Western Australia in the 2002, 2003 and 2004 seasons. 

Year Chapman 
Valley 

Wongan 
Hills 

Merredin East 
Beverley 

Mt Barker Esperance Average 

2002 341 149 93 163 323 218 214 
2003 368 308 249 258 486 470 356 
2004 314 240 210 277 316 317 280 

 
Predicted grain hardness was not influenced by date of seeding, but did change with soil type and cropping 
region.  Grain harvested from sites with alkaline sub-soils or >30% gravel in the profile were often softer 
than those harvested from other soil types.  Much of this may be related to the fact that these soil types occur 
more frequently in higher rainfall regions (2).  Our data shows that grain harvested from higher rainfall 



regions was often softer than that harvested from lower rainfall regions, presumably due to the higher risk of 
rainfall at harvest on decreasing grain hardness. 
 
These results suggest that genetic differences between cultivars are often more influential on predicted grain 
hardness than changes in sowing date, soil type or management.  However, rainfall volume and/or 
distribution particularly during harvest can cause significant changes in the grain hardness of cultivars that 
may outweigh any genetic differentiation.  
 
Relationship between grain hardness and grain quality 
Principal component analysis (PCA) was used to evaluate the relationship between predicted grain hardness 
and grain quality.  Two separate analyses were conducted, the first in which Gairdner data was included 
(Figure 3a) and the second where Gairdner data was not included (Figure 3b). PC1 and PC2 explained over 
85% of the variation in each analysis.  In both analyses, there was a poor correlation between grain hardness 
and the following NIR predicted factors – grain protein concentration (%, db), hot water extract (%, db) and 
grain brightness (Minolta L) (Figure 3).  Results of the analysis which included Gairdner accorded with 
Washington et al. (3), in that there was a negative relationship between grain hardness and average grain 
weight and grain plumpness through both the 2.5mm and 2.2mm slotted sieve.  However when Gairdner was 
removed from the analysis, grain hardness was independent of average grain weight and grain plumpness.  
Therefore the analysis in Figure 3a is driven by the high screenings and large average grain weight of the 
cultivar Gairdner.  The relationship between grain hardness and grain plumpness observed by Washington et 
al. (3) occurred when both hard and soft grained cultivars were included in the analysis.  However, in both 
PCA analsyes performed for this study, there appeared to be a relationship between NIR predicted grain 
hardness and hectolitre weight.  With Gairdner included in the analysis it was positive, when Gairdner was 
removed from the analysis it was negative. 
 

  
Figure 3. Biplot showing PCA analysis of grain quality and NIR predicted grain hardness for 5 
cultivars over the 141 comparisons in 2002 to 2004 for a) all five cultivars and b) with the Gairdner 
data removed. 

A PCA analysis of just those samples that were analsyed for SKCS hardness at the Australian Grains Centre, 
Forrestfield explained nearly 95% of the variation in grain quality with PC1 and PC2 (Figure 4a).  This 
analysis confirms the results from the larger study using predicted NIR grain hardness that grain hardness is 
essentially independent of grain protein, average grain weight, grain plumpness, hot water malt extract and 
grain plumpness, but is correlated to hectolitre weight. 
 
SKCS analysis and pearling quality 
A sub-set of the grains analysed for NIR predicted grain hardness in 2002 and 2003 were analysed using an 
SKCS machine at the Australian Grains Centre and pearled to ~65% yield.  As with the NIR analysis, SKCS 
demonstrated that Stirling, Hamelin and Baudin have a similar grain hardness, being some 8 to 10 SKCS 
units harder than WABAR2175 and Schooner which were of similar hardness (Table 3).  Variation in the 
grain hardness of individual grains, as measured by standard deviation, was similar across cultivars.  This 



contrasts with the results of Iwami et al. (1) who found that softer grain cultivars (ie. Schooner) had higher 
hardness variation than harder grained cultivars (ie. Stirling).  However, as the grain used in this study was 
from relatively similar environments (ie. from within the Western Australian wheatbelt), the findings of 
Iwami et al. (1) may be an artifact of the different growing regions in Australia that their grain samples were 
collected from. 
 
The SKCS analysis also showed that Baudin had narrower grains than Stirling and Hamelin (reflecting field 
observations for screenings), whilst WABAR2175 had a grain diameter between Hamelin and Stirling (Table 
3). 
 
Table 3. Average SKCS grain hardness (SKCS units), average grain weight (mg) and grain diameter 
(mm), pearling yield (%), pearling time to ~65% yield (min), sound pearl % and broken pearl ratio 
(%) for a) 2002 data and b) 2003 data. 
 SKCS 

hardness 
(units ± SD) 

SKCS av. 
grain weight  
(mg ± SD) 

SKCS grain 
diameter  

(mm ± SD 

Pearl yield  
(% ± SE) 

Pearl time to 
~65% yield 
(min ± SE) 

Sound pearl 
(% ± SE) 

Broken pearl 
ratio  

(% ± SE) 
 a) 2002 data 
Stirling 
Hamelin 
Baudin 
WABAR2175 
Schooner 

63.8 ± 12.2 
67.0 ± 12.4 
66.0 ± 12.4 
55.2 ± 12.5 

n.d.1 

40.5 ± 6.5 
39.1 ± 7.0 
37.7 ± 6.5 
38.9 ± 6.8 

2.35 ± 0.34 
2.31 ± 0.35 
2.20 ± 0.31 
2.34 ± 0.33 

63.1 ± 0.6 
61.3 ± 1.2 
61.6 ± 1.3 
60.8 ± 1.2 

4.40 ± 0.12 
4.32 ± 0.06 
4.59 ± 0.11 
3.80 ± 0.08 

71.2 ± 2.9 
80.2 ± 1.7 
72.5 ± 2.0 
62.4 ± 3.5 

28.8 ± 2.9 
19.8 ± 1.7 
27.5 ± 2.0 
37.5 ± 3.5 

 b) 2003 data 
Stirling 
Hamelin 
Baudin 
WABAR2175 
Schooner 

54.1 ± 11.4 
53.5 ± 11.9 
55.8 ±11.8 
44.1 ± 11.6 
46.9 ±11.2 

43.1 ± 5.6 
42.7 ± 6.2 
42.3 ± 5.8 
42.1 ± 5.7 
44.0 ± 5.4 

2.52 ± 0.28 
2.48 ± 0.31 
2.43 ± 0.29 
2.49 ± 0.29 
2.44 ± 0.30 

65.7 ± 0.2 
65.9 ± 0.2 
65.6 ± 0.2 
65.5 ± 0.2 
65.4 ± 0.2 

3.63 ± 0.11 
3.53 ± 0.12 
3.98 ± 0.13 
3.29 ± 0.13 
3.57 ± 0.11 

55.6 ± 3.9 
62.8 ± 3.2 
53.7 ± 4.1 
59.1 ± 3.9 
51.9 ± 4.2 

42.0 ± 4.1 
32.4 ± 3.5 
43.3 ± 4.3 
37.7 ± 4.2 
45.3 ± 4.5 

1Schooner was not sown in the 2002 year 
 

 
Figure 4. Biplot showing PCA analysis of SKCS hardness and a ) grain quality and b) pearling quality 
for 4 cultivars sown in 2002 and 2003. 

 
All cultivars were pearled to approximately the same pearl yield to compare pearling time.  The pearling 
yield was 61 to 62% in 2002 and 65 to 66% in 2003 (Table 3).  There were significant differences in the time 
it took to pearl each cultivar to a similar pearl yield.  In both years, Baudin took the longest time, followed 
(in decreasing time to pearl) by Stirling, Hamelin and WABAR2175.  The difference between Baudin and 
WABAR2175 in pearling time was around 40 seconds.  The pearling time of Schooner was similar to 
Hamelin. 
 
Despite having a similar hardness to Stirling and Baudin, Hamelin grains were less suceptible to breakage 
and produced a higher proportion of sound kernels than either Stirling or Baudin (Table 3).  The level of 



sound kernels in Stirling and Baudin were similar despite Baudin taking 10 to 20 seconds longer to pearl to 
~65% yield. 
 
Data from the 2003 season suggests that despite WABAR2175 and Schooner having a similar grain 
hardness, WABAR2175 has superior pearling qualities.  WABAR2175 took on average 16 seconds less time 
to pearl (~65% yield), produced 7% higher sound pearl ratio and had a lower broken pearl ratio.  The 
performance of WABAR2175 was variable across seasons however, having a higher broken kernel ratio in 
2002 than Stirling and a lower broken kernel ratio in 2003.  It is not clear why this variation has occurred and 
it may require further investigation if WABAR2175 is released as a malting barley cultivar in Western 
Australia and considered suitable for delivery as a shochu cultivar.  It could well be simply due to the 
difference in maturity of the cultivars allowing differential impact at sites from harvest rain. 
 
PCA was used to evaluate the relationship between SKCS hardness and pearling quality.  PC1 and PC2 
explained nearly 80% of the variation in each analysis (Figure 4b).  PCA analysis suggests that there was a 
strong positve relationship between grain hardness and the time it takes to pearl the grain to ~65% yield.  For 
the cultivars tested in this study, pearling quality was a genetic trait and not related to grain hardness, ie. the 
production of sound grains was not related to the hardness of the grain.  This contrasts with the findings of 
Iwami et al. (1).  Even where data for WABAR2175 was removed from the analysis, no relationship between 
pearling quality and grain hardness was observed.  The lack of association between hardness and pearling 
quality may have been due to the fact that for this study, samples were pearled to a set yield, rather than a set 
time.  In addition, whilst SKCS grain hardness was negatively influenced by average grain weight and grain 
diameter, SKCS values for average grain weight and grain diameter were not related to the production of 
sound kernels.  This result reflected the findings of Iwami et al. (1) 
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