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Effect of Temperature on Enzymatic Stability in Shio-Koji During the Maturation Process

Kenji Maehashi**, Arika Ohto', Tatsuhiko Yamamoto®, Myoho Asari® and Yutaka Kashiwagi®?

! Department of Fermentation Science, Tokyo University of Agriculture, 1-1-1 Sakuragaoka, Setagaya-ku, Tokyo 156-8502
* Department of Fermentation Science and Technology, Graduate School of Tokyo
University of Agriculture, 1-1-1 Sakuragaoka, Setagaya-ku, Tokyo 156-8502
® Kojiva Honten Ltd., 14-29 Sendo-Machi, Saiki, Oita 876-0832

Shio-koji is a gruellike fermented rice seasoning that is obtained from the digestion of rice under high-salt
conditions. The average chemical composition of 14 commercially available shio-koji products was analyzed and
determined as : 11.0% NaCl, 21.9% reducing sugar, 0.07% formol nitrogen, and 50.2% water. Amylolytic and
proteolytic enzyme activities were detected in the majority of the shio-koji products, although they were not
detected in others. It is currently accepted that maturation at 60C for more than 6 hours is required for sufficient
digestion of starch and proteins. However, maturation at either 50C or 60C for 6 hours resulted in increased formol
nitrogen levels without loss of enzyme activity. Upon comparison of shio-koji and amazake, in a solution of 10 % NaCl-
containing koji extract, here we report that a 10 % NaCl solution led to the decreased thermal stability of a-amylase
while that of proteases was augmented. (Received Dec. 1, 2014 ; Accepted Feb. 2, 2015)
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Table 1 Physicochemical composition of commercial shio-koji products

Shiokoji  Aspect W oH NaCl FN RS Ale Glu
Yow/wr) Gow/w) (w/w) (%ow/w) (%w/w) (mg/100g)

A gruel 56.24 5.22 12.05 0.071 20.03 0.03 39.85
B paste 38.46 5.40 14.86 0.017 29.11 0.02 5.72
C gruel 46.44 5.14 12.75 0.072 25.31 2.26 34.58
D gruel 55.38 5.25 8.89 0.222 22.03 0.12 135.71
E gruel 48.77 5.51 11.82 0.051 25.13 1.71 11.44
F gruel 52.42 5.14 11.00 0.101 25.91 1.50 68.60
G gruel 62.18 4.94 6.44 0.098 11.89 0.21 70.57
H paste 44.09 5.51 15.67 0.020 14.47 0.01 4.00
I paste 48.36 4.99 9.84 0.042 27.82 2.57 17.37
J gruel 46.42 5.26 3.05 0.031 26.12 0.06 15.75
K gruel 49.49 4.84 13.38 0.078 28.76 3.25 71.27
L gruel 50.45 4.96 11.96 0.048 13.85 0.06 18.87
M gruel 48.37 5.28 11.21 0.037 10.17 0.06 8.08
N gruel 55.87 4.77 11.25 0.052 26.01 2.28 20.91

W, moisture, FN, formol nitrogen ; RS, reducing sugar ; Alc, alcohol ; Glu, free glutamic acid.
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Table 2 Enzyme activities of commercial shio-koji products

Protease (U/g)

Shiokoji ACP aA GA oG

pH6 pH3 (U/g) (U/g) (U/g) (U/g)
A 102.4 87.8 0.96 16.2 0.29 0.05
B 0.0 0.0 0.00 0.0 0.00 0.03
C 171.3 149.9 1.32 27.8 0.46 0.07
D 111.2 85.6 1.13 35.7 0.44 0.10
E 22.2 0.0 0.21 14.4 0.10 0.04
F 163.6 156.6 1.19 13.5 0.16 0.03
G 0.0 0.0 0.01 0.1 0.00 0.00
H 20.1 0.0 0.00 0.0 0.00 0.02
I 32.1 43.3 0.34 2.1 0.05 0.03
J 0.0 0.0 0.08 0.0 0.00 0.02
K 262.3 376.7 2.36 14.5 0.24 0.04
L 0.0 0.0 0.15 0.0 0.00 0.03
M 0.0 0.0 0.08 0.0 0.00 0.01
N 90.2 99.9 0.32 15.6 0.51 0.08

ACP, acid carboxypeptidase ; aA, a-amylase . GA, glucoamylase ; aG, a-

glucosidase.
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Fig.1 Changes in chemical components and enzyme activities during maturation of shio-koji at various

temperatures

RS, reducing sugar ; FN, formol nitrogen ; @A, e-amylase ; GA, glucoamylase ; ACP, acid carboxypeptidase ;
NP, neutral protease. Shio-koji was prepared by mixing of rice koji (100 g) with 18.4 % NaCl solution (120 g)
followed by incubation at various temperature for 24 hrs. Enzyme activities were represented as a percentage
of residual activity against the activity of 0 hr sample. Each symbol indicates the mean=*SE (n=3).
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Fig. 2 Changes in chemical components and enzyme activities during maturation of shio-koji and

amazake during maturation

RS, reducing sugar : FN, formol nitrogen ; @A, a-amylase ; ACP, acid carboxypeptidase. Amazake and shio-koji
were prepared by mixing of rice koji (100 g) and water (120 ml) or 18.4 9% NaCl solution (120 g), respectively,
followed by incubation at 60°C for 24 hrs. Enzyme activities were represented as a percentage of residual
activity against the activity of 0 hr sample. Each symbol indicates the mean=+SE (»=3).
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Fig. 3a Effect of temperature on the stabilities of amylolytic enzymes of various koji extracts
aA, a-amylase ; GA, glucoamylase ; eG, a-glucosidase. A, 0.5% NaCl extract (NaCl 049 %, RS 3.43%) ; B, 10% NaCl
extract (NaCl 9.16%, RS 3.96%) : C, 10% glucose-10% NaCl extract (NaCl 7.31 %, RS 10.61 %). NaCl and reducing
sugar (RS) contents in each koji extracts prepared by different solutions were determined. Each extract was
incubated at various temperatures for 120 min, and the enzyme activities were measured and represented as a
percentage of residual activity against the activity of 0 min sample. Each symbol indicates the mean=SE (z=3).
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Fig. 3b Effect of temperature on the stabilities of proteolytic enzymes of various koji extracts
ACP, acid carboxypeptidase ; AP, acid protease ; NP, neutral protease.
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