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Role of Endogenous Enzymes in Milled Rice of Various Cultivars in the Accumulation
of Chemical Components in Rice Grains During Cooking

B g B RS ZEWARET KA B W BHREALDT
Yuka Mabashi Yukie Miwa Tetsuya Ookura Midori Kasai

The relationship between the activities of endogenous enzymes in milled rice and the accumulation of chemical
components in the rice grains during cooking was compared for five cultivars : Koshihikari, Nipponbare, Habutae-
mochi, Yumetoiro and jasmine rice. The effects of temperature on the accumulation of chemical components in
grains of Nipponbare were similar to those of Koshihikari. Sugars, particularly glucose, in the rice grains accumu-
lated during cooking with all cultivars. Amino acids accumulated much less than sugars. The hydrolytic activities
of the endogenous enzymes for carbohydrates in the five cultivars were maximized at 60T , while the proteolytic
activities were weak under every condition. The gelatinization onset temperature of rice flour was 60-64T for all
the cultivars. The mechanism for the accumulation of chemical components during cooking by hydrolases in milled
rice, as revealed for Koshihikari, was applicable to the various rice cultivars: around 60C was the key tempera-
ture for substantial production of glucose by the endogenous enzymes in milled rice, and the amount of sugars in
cooked rice depended mainly on the cooking conditions.
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Fig. 1. Time course of temperature during cooking.

The time In the lower axis represents the time after the start of
heating.

The rates of temperature increase in different temperature holding
conditions (D-F) were the same as that of condition B (control).
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Fig.2. Changes in the amounts of sugars in the 909% milled

Nipponbare grains under different heating conditions.
90% milled Nipponbare grains were cooked under different
heating conditions indicated at the lower axis. The bars indi-
cate the amounts of sugars in rice grains; total sugars
(white), reducing sugars (shaded), and glucose (black). Er-
ror bars indicate the standard deviations of three independent
measurements. Different superscripts in the same component
show significant differences (p<<0.05) by Tukey's HSD test.
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Fig.3. Changes in the amounts of free amino acids in the 90%
milled Nipponbare grains under different heating condi-
tions.

The amounts of free amino acids in rice grains under different

heating conditions were determined. ‘else’ means free amino

acids except Asp, Asn, Glu, Gln, Ala and GABA. Error bars indi-
cate the standard deviations of three independent measure-
ments. Different superscripts show significant differences (p<<

0.05) by Tukey's HSD test.
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Changes in the amounts of chemical components during cooking in various rice cultivars.

Proportion of glucose

Total suger Reducing suger Glucose Degree of polymerization

Time to boil (mg/100 g of milled rice) (mg/100 g of milled rice) (mg/100 g of milled rice) (Total sugar/Reducing sugar)  (Glucose/Reducing sugar (%))
Koshihikari )

Raw rice 194.6+£27.9 52.2+3.0 30.0£2.2 3.72+0.34 57.4+1.2

11 min 398.0+25.9 163.4+18.2 113.6+6.5 2.45+0.13 69.9+£4.7
Nipponbare

Raw rice 121.7+0.3 28.4+0.8 14.6x£0.9 4.29+0.13 51.6+4.6

11 min 369.3+5.5 117.4%4.0 83.6+10.8 3.15%0.13 75.4+8.0
Habutaemochi

Raw rice 396.7+10.6 55.4+3.6 23.5+0.2 7.18+0.27 42.5+2.7

11 min 676.7£17.6 175.3+6.5 114.8+6.1 3.86+0.10 65.5+1.1
Yumetoiro

Raw rice 109.2+2.1 63.6+£0.6 28.1+0.7 1.72+0.04 44.1+1.1

11 min 314.3%£8.5 159.7+3.2 108.9+1.1 1.97+0.01 68.2+£1.3
Jasmin rice

Raw rice 62.5+2.4 17.6+0.2 6.3+£0.1 3.56+0.13 36.0+£0.8

11 min 259.7+£7.0 117.6+3.9 99.7+5.2 2.21+0.05 84.7x1.6
Differences between raw rice and cooked rice (time to boil: 11 min) were significant in all cultivars (p<0.05).
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Jasmin rice  Yumetoiro Habutaemochi Nipponnbare Koshihikari
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Fig.4. Changes in the amounts of free amino acids during

cooking in various rice cultivars.
The amounts of free amino acids in raw rice grains and cooked
rice (time to boil; 11 min) were determined. ‘else’ means free
amino acids except Asp, Asn, Glu, Gln, Ala and GABA. Error
bars indicate the standard deviations of three independent mea-
surements. Differences between raw rice and cooked rice
(11 min) were significant in all cultivars (p<0.05).
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Fig. 5. Hydrolytic activity on soluble starch of crude enzyme extracts from various rice cultivars.
Reaction mixtures containing 0.8 ml of 1% soluble starch and 0.2 m! of crude enzyme extracts were incubated at various
temperatures for 15 min. The enzyme activity of one unit is defined as the amount of enzyme that produces reducing sugars
corresponding to 1 mg of glucose (@) or liberates 1 mg of glucose (M) per minute. The enzyme activity of crude extracts
was expressed as units per 1 g of raw rice. Error bars indicate the standard deviations of three independent measurements.
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Fig. 6. Hydrolytic activity on maltose or sucrose of crude en-

zyme extracts from various rice cultivars.

Reaction mixtures containing 0.8 mi of 0.5% maltose (A) or su-
crose (B) and 0.2 ml of crude enzyme extracts were incubated
at various temperatures for 15 min. One unit is defined as the
amount of enzyme that liberates 1 mg of glucose per minute.
The enzyme activity was expressed as units per 1 g of raw rice.
Maltose degradation occurred in any cultivars (A), while su-
crose degradation was not observed in any cultivars (B). Error
bars indicate the standard deviations of three independent mea-
surements.
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60C [ THROBWEEEZRT 2L, FHELXET LA
BELBoniz (Fig5,6). 72, K7Tv 7 OMLIEE
Bk 4l L, 60T AEd SHI{LATB%E L7z (Table 2)o
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Fig. 7. Proteolytic activities of crude enzyme extracts from
various rice cultivars.

Reaction mixtures containing 0.1 m! of 1% casein and 0.1 mi¢ of
crude extracts were incubated at various temperatures for 4 h.
The reaction was stopped by the addition of 0.1 m! of 0.8 M tri-
chloroacetic acid and absorbance at 280 nm of centrifuged su-
pernatant was measured. One unit of activity is defined as the
amount of enzyme that produces an increase in absorbance unit
(280 nm) of 0.01 per minute on the reaction conditions. The en-
zyme activity of crude extracts was expressed as units per 1 g
of raw rice. Error bars indicate the standard deviations of three
independent measurements.

Table 2. Endothermal properties of rice flour from different
cultivars.
Endothermal temperature AH
To (T) Tp (T) Tc (T) (m]/mg)
Koshihikari 63.1+0.5° 71.6+0.5° 102.240.8®  10.8+0.5°
Nipponbare 64.6+0.2° 72.7+0.6™ 103.6+1.9" 11.3+0.4°
Habutaemochi 61.4%+0.2° 72.6+0.5"  105.8+0.7° 13.9+0.1°
Yumetoiro 60.0£0.6° 69.1+0.2° 100.7£0.6° 8.7£0.5"
Jasmin rice 64.1+£0.4° 73.2%0.6° 102.140.4*  11.5+0.5°

Mean values+SD. (n=3). To, Onset temperature; Tp, Peak tempera-
ture; Tc, Conclusion temperature ; 4H, endothermic enthalpy of gelatini-
zation,

Different superscripts in the same column show significant differences
(p<0.05) by Tukey's HSD test.

OB LETEDNREBEEN, £LTC, FVIa—RA%EL
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