
 1

Importance of outer layer of two-row barley in Barley Shochu production 
 
Akihiko IWAMI, Yasuhiro KAJIWARA, Hideharu TAKASHITA, Naoto OKAZAKI, Toshiro OMORI 
Sanwa Shurui Co., Ltd., 2231-1 Yamamoto Usa-City Oita prefecture Japan 879-0495, http://www.sanwa-shurui.co.jp/ 

iwami-a@kokuzo.co.jp 

 
Abstract 
 
In Shochu production, the barley removed outer layer (pearled barley) is used as ingredients. The 
influence of the outer layer of barley on the pearling process and the pearling condition on fermentation 
process are the important keys for the Shochu production.  The SKCS can show the hanging condition of 
the force required to crush single whole grains as a function of time as CRPs.  We investigated the 
influence of internal structure of barley on pearling characteristics using CRPs.   In addition, we research 
that the difference of pearling condition significantly affected koji mycelia growth, enzyme activity of the 
barley koji.  It was found that the Erastic response which represent outer layer strength correlate with 
pearling yield, pearling time and broken kernel ratio.  Otherwise, according to the change of pearling 
condition in this outside layer, the mycelia growth and the enzyme activity in koji was different.  
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Introduction 
 
Barley Shochu is a traditional Japanese spirit, produced mainly in the Kyushu region in the southwestern 
part of the Japanese archipelago.  Most of the barley used in the production of Barley Shochu is imported 
from Australia. The quantity had reached 240 thousand metric ton in 2004. 
The selection of barley that is optimum for Barley Shochu production is not straightforward. Malting 
barley does not always perform well in Barley Shochu production.  That’s because Barley Shochu 
production is characterized by the pearling of barley and the digesting by koji. Thus, it is essential for 
evaluation of Shochu barley to consider pearling and digesting characteristics.  As for pearling 
characteristics, the barley with high pearling yield and low broken kernel should be good one.  As for 
digesting characteristics by koji, it is important to get high digestibility and enzyme activity. 
We already found on Australian barley that the hardness of whole grain by SKCS analysis correlated with 
the pearling yield, broken kernel ratio and barley-koji digestibility (Iwami et al. 2003).  Thus, in the 
pearling process, the barley with higher hardness appears to be more advantageous in regard to pearling 
performance.  On the other hand, in the fermentation process, barley with lower hardness seems to be 
more advantageous in regard to its digestibility. 
The hardness index values are calculated based on the Crush-Response-Profiles (CRPs) obtained during 
the crushing of barley. The CRPs shows collapse of an internal structure. 
We investigated the influence of internal structure of barley on pearling characteristics using CRPs.  We 
found that the strength of outer layers of the barley kernels (including the aleurone) correlated with 
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pearling characteristics.  Furthermore, we report about the new knowledge that the difference of pearling 
condition significantly affected koji mycelia growth, enzyme activity of the barley koji.  
 
Materials and Methods 
 
The relationship between CRPs Phases and Pearling Characteristics 
Five Australian varieties (Schooner, Alapiles, Grimmette, Garidner, Sloop : Commercial source, 2003/ 04 
season sample) were used in this study.  The samples were tested using the SKCS 4100 (Perten 
Instruments, Springfield, IL) according to RACI Official Method 12.01.  CRP data were recorded as the 
average of 500 grains.  For each of the samples, these 500 individual CRPs were averaged.  The 
averaged CRPs were imported into custom software that calculates the rheological phases as described by 
Osborne & Anderssen (Osboren et al. 2003).   
Pearling evaluations was done according to the following method. 
150 g of unpolished whole barley grain was processed in a Test Mill TM-05 (Satake Corp., Hiroshima, 
Japan) fitted with a 2 mm sieve to remove the bran. A revolving speed of 1,450 rpm and a roller count of 
40 were used. Pearling was performed until a 65% pearling rate (1000 Kernel Pearled Barley Weight/1000 
Kernel Whole Grains Weight) x 100) was obtained and the pearling time was recorded.  Broken kernels 
were separated from sound, pearled kernels by sieving and both fractions were weighed.  The Pearling 
Yield and Broken Kernel Ratio were calculated as follows: 
Pearling Yield (%) = (Sound Kernel Weight / Whole Kernels Weight (150g)) x 100 
Broken Kernel Ratio (%) = (Broken Kernel Weight / Pearled Barley Weight) x 100 
All data analysis was carried out using standard statistical functions in Excel (Microsoft, Seattle, WA, 
USA). 
 
Pearling condition significantly affected koji mycelia growth, enzyme activity of the barley koji. 
One Japanese variety (Nishinohoshi : Commercial source, 2003 season sample in Japan) and four 
Australian varieties (Stirling, Schooner, Alapiles, Grimmette : Commercial source, 2003/04 season 
sample ) were used in this study. 
The pearled barley was adjusted to pearling rate of four (80%, 70%, 60%, 50%).  The pearled barley was 
soaked in water to produce a final moisture content of 35% (v/w), and was then steamed for 40 minutes.  
Steamed pearled barley was cooled to room temperature, white koji fungus (Aspergillus kawachii) was 
applied, and then incubated for 40 hours in a Thermo-Hygro-stat LH-30 incubator (Nagano Science 
Equipment MFG. Co., Ltd., Japan). 
α-Amylase, glucoamylase, acid protease and acid carboxypeptidase assays of koji were performed according to 
the official methods of analysis of the National Tax Administration Agency of Japan.  Koji mycelia growth 
was evaluated by an assay for N-acetylglucosamoine contained in the mycelia.   
Phosphorus in pearled barley was analyzed by spectrophotometer UV-1200 (Shimadzu Co., Ltd, Japan) 
according to the Bartlet method. Potassium was analyzed by atomic absorption analyzer SOLAAR M6 
(Japan Jarrelash Co. Japan, Wavelength: 766.5nm and the frame: air-acetylene) according to hydrochloric 
acid extraction atomic absorption analysis method.  Nitrogen content of the pearled barley was analyzed 
by an automatic nitrogen analyzer (LECO Co.).  The total starch content of the pearled barley was 
determined using enzyme kits (Megazyme International, Ireland) according to AACC Method 76.13. 
All data analysis was carried out using standard statistical functions in Excel (Microsoft, Seattle, WA, 
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USA). 
Results and Discussion 
The relationship between CRPs Phases and Pearling Characteristics 
Figure 1 shows the basic morphology of CRPs obtained during the crushing of barley. Osborne et al 
(Osborne et al, 2003) identified the names given to the different phases in the CRPs.  In this work, a new 
phase has been identified that was not reported.  It is the slope of the Shell Response and is called the 
Elastic Response. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Basic Morphology of a barley Crush-Response Profile. 
 
The correlations observed between SKCS phases and pearling data are shown in Table 1.  There were 
significant correlations between the SKCS phases and pearling yield and time, and these were of opposite 
sign to those between SKCS phases and broken kernel ratio.  This would be expected since broken kernel 
ratio is the converse of pearling yield.  The scatter plots for Elastic Response versus pearling yield, 
annotated with the names of each sample, are shown in Figures 2 respectively.  These plots confirm that 
the Elastic Response correctly predicts the variation in the pearling performance of a given variety grown 
in a given environment.  This work has shown that the Elastic Response of the aleurone layers provides 
the best predictor of pearling performance. This suggests that the response of barley to pearling is directly 
controlled by the strength of its aleurone layers. 
 
 
 
 
 
 
 
 
 

Table 1. Correlations between Rheological Phases and Pearling characteristic. 

t
(time)

Force
(resisting the crushing)

Shell
Response

Endosperm
Response

Shell
Collapse

Endosperm
Collapse

Start Endosperm
Response

Broken Kernel ratio (%) Pearling yield (%) Pearling time (s)

Elastic Response -0.807*** 0.773*** 0.802***

Shell Strength -0.531** 0.531** 0.525**

Shell Collapse 0.572** -0.538** -0.611**

Endosperm Response -0.036 0.040 -0.161

Endosperm Collapse 0.758*** -0.701*** -0.829***
***significant at 0.1% level
**significant at 1% level
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Fig 2. Plot of SKCS Elastic Response versus Pearling Yield. 
 
Pearling condition significantly affected koji mycelia growth, enzyme activity of the barley koji. 
Table 2 shows the results and analysis of variance for mycelia growth and enzyme activity.  Analysis of 
variance shows that pearling rate had a highly statistically significant effect on koji mycelia growth 
(P<0.05).  Mycelia growth showed a tendency to decrease with high rates of pearling.  Analysis of 
variance indicated that pearling rate had a highly statistically significant effect on enzyme activity expect 
glucoamylase (P<0.001).  The enzyme activity showed a tendency to decrease with high rates of pearling. This 
tendency toward increased enzyme activity was thought to be associated with increased koji mycelia growth. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Influence of the pearling rate on the mycelia of koji and enzyme activities. 
 
Okazaki et al. (Okazaki et al. 1981) showed that mycelia of sake-koji (Aspergillus Oryzae, Ingredients : 
rice) decreased with high rates of pearling.  They also reported that phosphorous and potassium 
positively affected mycelia proliferation.  As shown Table 3, phosphorus and potassium decreased with 
high rates of pearling.  From these result, It was suggested that the content of phosphorous and potassium 
in the outer layer influence the potential of koji. 
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1. Mycelia of Koji (µg/g-dry koji) and Enzyme activites (units/g-dry koji) 2. Variance anaylsis 

Variety of barley Pearling
rate (%)

 Mycelia of
koji AAase GAase APase ACPase

50 1493 61 177 7.24E+03 7.24E+03 Ｆ０ Judge
60 1875 77 207 8.58E+03 8.58E+03 3.77 *
70 1910 120 202 1.42E+04 1.42E+04 16.5 ***
80 2199 164 252 2.30E+04 2.30E+04 3.0 -
50 2042 90 220 6.36E+03 1.50E+03 86.3 ***
60 2185 100 214 7.87E+03 3.95E+03 14.5 ***
70 2262 111 222 1.37E+04 5.66E+03 AAase: α‐amylase
80 2159 141 214 1.67E+04 2.42E+03 GAase: glucoamylase
50 1584 72 138 5.89E+03 1.14E+03 APase: acid protease
60 1684 91 151 6.37E+03 1.52E+03 ACPase: acid carboxypeptidase
70 1617 98 152 1.33E+04 4.36E+03
80 1334 103 127 1.51E+04 1.16E+03 ***: 0.1% level of singnificance
50 1229 62 99 6.53E+03 2.49E+03  **:    1% level of singnificance
60 1383 85 130 7.70E+03 1.99E+03    *:    5% level of significance
70 1702 115 170 1.42E+04 3.37E+03
80 1549 113 136 1.73E+04 2.25E+03
50 2024 94 194 8.79E+03 3.13E+03
60 2401 117 219 9.64E+03 3.71E+03
70 2563 133 288 1.53E+04 5.08E+03
80 2307 152 247 2.02E+04 3.43E+03

Stirling

Schooner

Pearling rate (%)

AAase
GAase

 Mycelia of koji

Arapiles

Grimmett

Nishinohoshi

APase
ACPase



 5

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. Chemical components of pearling barley. 
Conclusion 
 
The results of analysis of correlation between SKCS phases of CRPs and pearling characteristics, it was 
found that the Erastic response which represent outer layer strength correlate with pearling yield , pearling 
time and broken kernel ratio.  Otherwise, according to the change of pearling condition in this outside 
layer, the mycelia growth and the enzyme activity in koji was different. It was thought that the structure 
and chemical components of outer layer was the important keys for the Shochu production. 
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Variety Pearling
rate(%) TS N P K

50 76.8 0.88 1.00 1.52
60 76.2 0.99 1.07 1.70
70 72.4 1.14 1.37 1.94
80 65.7 1.30 2.04 2.63
50 76.6 0.82 1.08 2.41
60 73.3 0.83 1.18 2.20
70 70.4 1.03 1.44 2.56
80 68.3 1.13 1.96 2.99
50 75.0 0.88 0.95 2.36
60 74.8 0.96 1.06 2.41
70 71.9 1.11 1.35 2.73
80 68.0 1.25 1.96 3.27
50 74.7 0.91 1.03 2.02
60 73.5 1.06 1.16 2.17
70 69.5 1.19 1.42 2.38
80 65.8 1.30 1.98 2.88
50 77.2 0.84 1.24 2.19
60 76.0 0.96 1.38 2.35
70 72.1 0.99 1.72 2.70
80 67.2 1.26 2.43 3.47

TS; Total Starch(%-dry matter), N; Nitrogen(%), P; phosphorus, K; potassium(mg/g-dry matter)

Nishinohoshi

Stirling

Schooner

Arapiles

Grimmett


