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Table 1. Grain size and type of rice

. Length (L) Width (W) One kernel .
Variety (mm) (mm) weight (mg) Grain type
Chucheongbyeo 4.68 263 173 186  short
Chosengtongilbyeo  5.89 289 204 209  medium
IR 36 6.80 210 327 195  long
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Fig. 1. Sample sheet for sensory evaluation of texture of cooked
rice.
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adhesive force X centimeter of crosshead movement)Z
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Table 2. Moisture content of rice grains and cooked rices"

Cooked rice (%)

Varie Rice grain (%)

e & ’ Control ME-treated? P-treated®
Chucheongbyeo 13.16 64.22 64.55 65.30
Chosengtongilbyeo 13.75 62.10 65.04 64.75
IR 36 1384 62.50 64.21 65.76

DThe water to rice ratio is 12. ® The rice grains were soaked
in 0.05% 2-mercaptoethanol at 37C for 2 hours.  The rice grains
were treated with protease(type XXV from Streptomyces griseus)
at 37C for 2 hours. The enzyme to rice ratio is 1/200.

Table 3. Physical dimension of cooked rices"

Length (mm)/width (mm)

Variety

Control ME-treated? P-treated”
Chucheongbyeo 82/31 93/32 85/30
Chosengtongilbyeo  8.6/3.3 9.0/35 88/33
IR 36 9.9/2.3 10.0/2.5 9.9/2.7

Y The water to rice ratio is 1.2. ® 2-mercaptoethanol treatment was
same as Table 2. ¥ Protease treatment was same as Table 2.
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Tabie 4. Analysis of variance and multiple range test for instru-
mental measurement of cooked rice"

Chucheong- Chosengtong-

Factor . IR 36 F Values
byeo ilbyeo

Hardness (g) 41342 459.5° 661.6° 2439
Cohesiveness 0.7334 0.7619 0742 036
Adhesiveness (erg) 2.28° 0.88* 0 3.22*
Elasticity 0.8905 0.8796 09140 166
Chewiness (g) 252.3 3004° 4033 20.92%**
Gumminess (g)  282.2° 343.1° 4914>  25.73***

DThe water to rice ratio is 1.2. # Data are means of chewing test
by rheometer. Means within rows followed by the same letter are
not significantly different at 5% level. * and *** mean significance
at 5 and 01% levels.

Table 5. Analysis of variance and muitiple range test for instru-
mental measurement of 12 hours stored cooked rice™

Chucheong- Chosengtong-

Factor IR 36 F Values

byeo ilbyeo
Hardness (g) 462.2¢% 639.1° 8153 41.92%*
Cohesiveness 0.7538° 0.6653° 0.6156* B8.63***
Adhesiveness (erg) 1.82° 1.56% 0 3.22*
Elasticity 0.8680* 0.8477° 0.9388° 9.62%**
Chewiness (g) 314.9* 3514° 4874° 4.75*
Gumminess (g  363.5° 411.3* 508.8° 407*

D The water to rice ratio is 1.2. ? Data are means of compression
test by rheometer, Means within rows followed by the same letter
are not significantly different at 5% level. * and *** mean significa-
nce at 5 and 01% levels.
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Table 6. Effect of 2-mercaptoethanol and protease treatment on textural properties of cooked rices"

Variety Hardness (g) Cohesiveness  Adhesiveness (erg) Elasticity Chewiness (g) Gumminess (g)
Chucheongbyeo

Control 4134%% 0.7334 2.28° 0.8905* 252.3 282.2%
ME-treated” 381.3 0.7718 3.76° 0.9351° 278.5" 295.7°
P-treated® 158.8° 0.6933 1.00° 0.8484° 1.6 108.6°
F-Value 37.18™** 1.02 6.60** 2.48* 25.24%* 40,52
Chosengtongilbyeo

Control 4595 0.7619° 0.88 0.8796 3004° 343.1¢
ME-treated 383.5° 0.6675" 2.37 0.8432 222.1° 260.5°
P-treated 2064 0.5987° 240 0.8522 105.7 123.2°
F-Value 2542%%* 13.60*** 0.28 1.26 28.84%* 30.86%**
IR 36

Control 661.6° 0.7421° 0 0.9140 450.3° 4914°
ME-treated 5752 0.7835% 0 0.9150 414.3 451.9°
P-treated 367.3° 0.6306° 0 0.8755 213.1* 230.1°
F-Value 56.24*** 5.87** 0 259 33.16*** 46.44%**

UThe water to rice ratio is 1.2. ?Data are means of compression test by rheometer. Means within rows followed by the same letter
are not significantly different at 5% level. * and *** mean significance at 5 and 0.1% levels. @ 2-mercaptoethanol treatment was same as
Table 2. #Protease treatment was same as Table 2.

Table 7. Effect of 2-mercaptoethanol and protease treatment on textural properties of 12 hours stored cooked rices”

Variety Hardness (g) Cohesiveness  Adhesiveness (erg) Elasticity Chewiness (g) Gumminess (g)
Chucheongbyeo

Control 462.3% 0.7538" 1.82 0.8680 3149 363.5°
ME-treated® 4538 0.6954° 1.86 0.8946 286.2° 31970
P-treated® 3904 0.6355" 0.36 0.8625 2024° 234.7*
F-Value 204 4.74* 117 159 10.60*** 10.52%**
Chosengtongilbyeo .

Control 631.1° 0.6653 1.56 0.8477 3514° 411.3°
ME-treated 478 0.6673 3.10 0.8530 253.6° 28747
P-treated 502.8° 0.5731 1.25 0.8503 249.9° 289.8"
F-Value 9.86*** 2.20 114 0.03 4.64* 6.45**
IR 36

Control 815.8 0.6156 Q0 0.9388 4874 508.3
ME-treated 756.9 © 05749 0 0.8883 385.9 4329
P-treated 746.1 0.5619 0 0.8848 3711 4153
F-Value 1.50 0.76 0 281 233 2.16

UThe water to rice ratio is 12. ?Data are means of compression test by rheometer. Means within rows followed by the same letter
are not significantly different at 5% level. * and *** mean significance at 5 and 0.1% levels. ¥ 2-mercaptoethanol treatment was same as
Table 2. ¥ Protease treatment was same as Table 2.

Table 8. Analysis of variance for instrumental measurement of cooked rices

Factor Hardness Cohesiveness Adhesiveness Elasticity Chewiness Gumminess
Variety (V) 188*** 7.92%*x 17.7%%* 10.9%** . 64.8%+* 74.7%%*
Treatment (T) 72.0%** 17.0%** 4.71% 4.79** 59. 4%+ 79.2%%*
Storage (S) 188*** 19.5%** 0.68 054 28 2% 44 4¥+*
VXT 2.28 044 3.09* 227 1.84 1.80
VXS 8.22%+* 4.57* 0.35 0.39 024 0.39
TXS 24.3%0* 0.68 0.03 0.76 10.2%+* 15.0%*

* * and *** mean significance at 5, 1 and 0.1% levels, respectively. Data represent F-values.
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Table 9. Effect of the protease treatment on the stickiness values
of cooked rice

Stickiness (g*cm)?

Variety T values
Control  Protease-treated®
Chucheongbyeo 3402 73.4b —249%
Chosengtongilbyeo 26.3 57.2° —7.60%*
R 36 4.4 25.7¢ —6.25%+*

YPData are means of stickiness value by Instron compression test.
2 Protease treatment was same as Table 2. ¥ Values within a column
that followed by same letter are not significant different at 5%
level. ** and *** mean significance at 1% and 0.1%.

Moistness

Acceptability

Fig. 2. Effect of protease treatment on sensory moistness{A)
and acceptability values(B) of cooked rice. Values are mean+ SD.
Means with same letter in graph are not significantly different at
5% levels by Duncan’s multiple range test. CC, Chucheongbyeo;
CT, Chosengtongilbyeo; IR, IR 36. Z1~[J, untreated, m—M, pro-
tease-treated.
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Hardness

Adhesiveness

Adhesiveness/Hardness

Fig. 3. Effect of protease treatment on sensory hardness(C),
adhesiveness(D) and adhesiveness/hardness values(D) of cooked
rice. Values are mean+ SD. Means with same letter in graph are
not significantly different at 5% levels by Duncan’s multiple range
test. CC, Chucheongbyeo; CT, Chosengtongilbyeo; IR, IR 36; J—0,
untreated; H— M, protease-treated.
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Table 10. Analysis of variance for sensory evaluation of cooked rice

Factor Hardness (H) Adhesiveness (A) A/H Acceptability. Moistness
Variety 7387+ 112.34*** 29.21** 79.09*** 97.52%**
Protease treat 50.05*** 75.67*** 33.094%** 28.18*** 65.70%**
Var. X Treat 5.03** 8.14*** 5.74** 048 354*
Panel 139 1.26 194 043 043

% kk

Table 11. Pearson correlation coefficients between sensory eva-
luation values and instrumental measurements

Sensory Sensory Sensory Sensory
hardness adhesiveness acceptability moistness

Rheometric

N 0.8668*** 09997  0030**  0.8881***
ilfeos’:,‘::;s 04117 03553 -0.3079 02854

ﬁf:gveet:ecss 0841+ 08967+ (08916 0.9485%
Zzzggt‘;mc 05842*  07237% Q7301 07875
g:‘;‘;:;‘:;‘c 0.8881%* 00252+  09227%**  0.9200**
g‘;ﬁsg 0.8662%* 08686%**  -08635***  0.8687***
iﬁig;’;ss 08974%*  09495%+*  0.9548%** (9304

* ** and *** mean significance at 5, 1 and 0.1% levels, respectively.
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Effect of Protease and Disulfide Bond Reducing Agent Treatment on the Texture of Cooked
Rice
Sung-Ran Kim and Seung-Yo Ahn* (Department of Food and Nutrition, Seoul National University, Seoul 151-742, Korea)

Abstract : Effect of protease and 2-mercaptoethanol treatment on the texture of cooked rice was investigated. Hardness,
chewiness and gumminess of cooked rice were decreased by reducing the disulfide bonds of protein using 2-mercaptoe-
thanol. Protease-treated rice grains, when cooked, showed more favorable results in stickiness measured by Instron,
hardness measured by rheometer and sensory acceptability of cooked rice. Water content and volume expansion
of cooked rice were increased by protease or 2-mercaptoethanol treatment. This results suggested that the textural
characteristics of cooked rice may be influenced by surrounding or closely associated proteir.
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