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Introeduction Materials and Methods

It was demonstrated in the previous study? Rice starch

that milled rices could be tentatively classified
into six groups based on hydration rate of rice
grain at room temperature. To investigate
possibility that the hydration rate of milled
rice could be wused for quality classification,
the relations between the hydration rate and
rice properties,?” alkali gelatinization® and
pasting properties® of rice flours were exa-
mined.

In this study, alkali gelatinization of starches
isolated from wvarious hydration groups of
milled rice in aqueous sodium hydroxide is

presented.

Starch was isolated according to the method
of Chung et «l.® from 26 varieties of Japonica
and 19 varieties of J/Indica milled rices which
were the same varieties employed in the pre-

vious study.?

Alkali gelatinization

The procedure of alkali gelatinization and
viscosity measurement was described in the
paper concerning rice flours in alkaline solu-
tion.?

Starch concentration of 59 was used th-

roughout the experiment.
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Results and Discussion

Maximum viscosity and viscosity develop-
‘ment rate of Japonica and J/Indica rice star-
ches at various NaOH concentrations are
tabulated in Tables 1 and 2, respectively. From
these data, it is clear that each starch had a
<haracteristic viscosity development pattern.
In the study of alkali gelatinization of various
grain starches and flours, Maher®% showed
that the viscosity development patterns of the
starches or flours were not superimposable.
The same observation was reported for rice
flours.»

The maximum viscosity and the viscosity
development rate of Japonica rice starches at
a given NaOH concentration(Table 1) were
lower than those of J/Indica ones(Table 2).
The time at which the maximum viscosity was
occurred also showed that J/Indica rice starches
reached at the maximum value at a faster
rate. These results indicate that J/Indica rice
starches was gelatinized slightly easily com-
pared with Japonica rice starches, which agreed
with the previous findings on rice flours.?

At a given concentration of starch, the vis-
cosity development rate was increased as
alkali concentration increased(Table 3). This
was more pronounced in J/Indica rice starches
than in Japonica counterparts. As was expected
from the data in Tables 1 and 2, the difference
in the viscosity development rate of rice star-
ches by increament of 0. 1N NaOH (0.02meq/g
starch) was greater in J/Indica rice starches
in comparison with Japonica ones.

Under the experimental conditions, it was
assumed that when considerable viscosity was
developed up to a plateau the gelatinization
of rice starch was terminated. The strength of
the alkali for complete gelatinization of most
rice starches was 0. 18N (0. 36meq/g starch).
This value was somewhat higher than the
strength of the alkali that was needed for the

gelatinization of the rice flours, 0.33 meq/g

flour.”> These results support the suggestion of
Maher® who reported that the flour from a
species seemed to be a little easier to gelatinize
than the starch isolated from the species. He®
suggested four possible reasons for this pheno-
menon: 1) the lesser amount of starch present
in the flours; 2) the increasing of effective
NaOH concentration by the removal of water
by substrate binding of water, a process that
might be enhanced with flours as compared to
starches because of strong water binding of
proteins in the former; 3) the flourmaking
process which affects some changes in some,
but not all, physical properties of the starch
granules, as was shown with the wheats;” or
4) the presence of carbohydrate polymers other

than starch such as galactan in soybean flour®
and glucan in oat flour.®

It was shown that the maximum viscosity
and the viscosity development rate of rice
flours in NaOH aqueous system had no cor-
relation with protein content.?> Maher® also
reported that differences in the magnitude of
viscosity developed among 12 varied botanical
sources did not seem correlative to protein or
starch contents of the flours. However, visco-
sity of rice starch was not correlated to that
of rice flour(Table 4). These results imply
that some other factor than protein content
may be responsible for the difference in vis-
cosity of rice flour and rice starch. It wvas
reported 0.029% water-soluble and 0.19% of
0.5N alkali-soluble hemicelluloses.'® Although
the water-soluble hemicellulose had a variable
effect on amy lograph viscosity when added
to hemicellulosefree rice flour,'’ their viscous
nature in alkaline solution is not known.
Therefore, the reasons why rice flours were
slightly eas ier to gelatinize than the rice
starches remain to be explored.

Ranges of the maximum viscosity and the
viscosity development rate of rice starches
isolated from various hydration groups of
milled rice are given in Table 5. Although, as

mentioned earlier, the maximum viscosity and
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Table 1. Maximum viscosity and viscosity development rate of Japonica rice
starches at various alkali concentrations

0.17N 0. 18N 0. 19N
H}ggit;? " Variety Maximum Maximum Maximum
viscosity  Ratet® viscosity  Rate viscosity  Rate
(CPx10%) (CPx10%) (CPX10%

I Kwanakbyeo 5.0(—)°¢ 0.15 12.5(—)  0.80 12.6(26) 1.35
Odaebyeo 9.1(—)  0.30 12.3(27)  1.03 14.2(15)  2.15
Nonglim 6 11.9(19) 1.63 12.7(14) 2.20 15.9(3) 4.10
Pungok 12.5(23) 1.47 14.2(13)  3.90 14.8(4) 5.70.
Suwon 320 7.6(—)  0.48 10.2(26)  0.83 12.9024) 1.62

I Sulakbyeo 6.2(—) 0.20 9.6(—) 0.52 15. 8(15) 2.67
Sobaegbyeo 5.9(—) 0.15 9.6(—) 0.55 12.0(29) 0. 90-
Chucheongbyeo 10.0(—) 0.65 12.1(26) 1.22 13.2(18) 1. 90-
Taechangbyeo 7.1(—) 0.30 12.8(—) 0.92 14.8(15) 2. 20
Jinjubyeo 9.7(—) 0.82 12.2(23) 1. 90 14. 3(4) 4. 50
Sangpungbyeo 10.4(—)  0.76 11.3(27) 1.15 15. 0(8) 4.65
Tamakeum 8.2(—)  0.67 11.3(13)  2.25 14.6(4) 4. 00
Sasanishiki 11L.0(—) 0.74 14.5(19) 1.75 16.2(8) 4.55
Suwon 306 13.8(18)  2.65 15. 8(7) 4.00 17.2(4) 5. 60-
Namyang 1 9.7(—) 0.57 13.6(28) 1. 40 14.6(18) 2.70

I Yeomyungbyeo 7.8(—)  0.16 10.9¢—)  0.69 16.3(21) 1. 80-
Bonggwanghbyeo 9.9(—) 0.73 13.4(18) 1.83 14.1(13) 2. 66.
Palkeum 10.9(—)  0.76 12.9(20) 1.93 15.0(8) 4.05
Tongjinbyeo 7.5(—)  0.31 1L.2¢27) . 0.91 14.3(9) 4.05
Sumjinbyeo 13. 1(—) 0.98 15. 4(20) 2.13 16.8(11) 4.50
Koshihikary 10.3(—)  0.71 13.0(17) 1.96 15.9(6) 3.30
Nakdongbyeo 8.6(—) 0.51 11.7(25) 1.12 14. 4(11) 4. 00

¥ Chiakbyeo 5. 4(—) 0. 20 8.6(—) 0.37 13.1(—) 1. 00
Seonambyeo 13.1(26)  1.20 16.6(12)  3.55 18.4(9) 5.35
Nongbaeg 6.3(—) 0.14 8.6(—) 0.68 14.0(21) 1.56
Nonglim 8 14.2(14) 2.20 15.6(16) 4.25 16.6(12)  4.60
Maximum 14.2 2.65 15.8 4.25 17.2 5.70
Minimum 5.0 0.14 8.6 0.37 12.0 1.00
Mean 9.2 0.75 12.4 1.61 14.9 3.29
SD 2.7 0.64 2.1 1.08 1.5 1.48

a : Hydration rate increases from Group [ to I (see reference 1).
b : Viscosity development rate (CPX10°/min).
¢ : Figures in parenthesis indicate time(min) at which maximum viscosity was developed.
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Table 2. Maximum viscosity and viscosity development rate of J/Indica rice
starches at various alkali concentrations

0.17N 0. 18N 0. 19N
Hyggitlz)n Variety Maximum Maximum Maximum
group viscosity  Rate? viscosity  Rate viscosity  Rate
(CPX10%) (CPX10%) (CPxX10%)

I Kayabyeo 10.0(—)  0.57 15.5(15) 2.20 18.3(9) 4.80

il Mansukbyeo 15.4(20) 1.83 15.9(12) 2.15 18.7(7) 5.10
Yushin 13.7(22) 2.13 14.3(9) 3.03 16-3(9) 4.25
Seogwangbyeo 11.7(—=)  0.92 12:1(21) 1.53 14.1(19) 1.53
Youngpungbyeo 13.1(24) 1.33 15.7(14) 2.86 19.4(5) 6.75

I Chupungbyeo 12.6(—) 1.24 13. 4(26) 1.28 18.2(14) 2.63
Baegyangbyeo 14.0(—) 1-00 14.0(—) 1.28 18.5(19) 2.63
Shingwangbyeo 12:5(—) 0.28 12.6(25) 1.10 16.3(19) 1.97

Milyang 23 14.4(10) 2.52 15.5(6) 5.00 19.5(4) 7.25

Milyang 42 '15.5(21) 2.20 16.2(16) 2.70 18.1(12) 4.25

Iri 357 10.5(—) 0.82 13.6(25) 1.45 18.9(5) 6. 45

Iri 360 14.5(—) 1.38 15.5(17)  2.05 21.5(5) 7.60

w Nampungbyeo 11.7(26) 1.27 14.4(10) 3.60 16.9(8) 4.20
Milyang 30 13.1(—) 1.36 14.7(11)  3.50 18.4(9) 4.15

Suwon 318 9.6(—)  0.68 11.4(20) 1.18 14.1(6) 4.60

Suwon 312 13:1(=)  0.94 15.3(24)  1.47 20.0(10)  4.16

v Sujeongbyeo 14.2(25) 1.73 16.6(9) 4.00 17.5(10) 4.00
Samgangbyeo 13.7(—)  1.18 18.4(12)  3.95 20.5(6) 7.10

Iri 362 11.2(—) 0.88 14.1(16) 2.25 16.0(6) 5.10
Maximum 15.5 2.52 18.4 5.00 21.5 7.60

Minimum 9.6 0.28 11.4 1.10 14.1 1.53

Mean 12.8 1.28 14.7 2.45 17.9 4.66

SD 1.7 1.6 1.14 2.3 1.77

0.59

a : Hydration rate increases from Group I to V (see reference 1).
b : Viscosity development rate (CPX10%/min).
¢ : Figures in parenthesis indicate time (min) at which maximum viscosity was developed.
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Table 3. Effect of increment of alkali concentration on viscosity development

rate of rice starches

Difference in

rate between

Difference in

Hydration Japonica Hydration J/Indica rate between
group variety 0. 17~ 0. 18~ group variety 0. 17~ 0.18~
0.18N 0. 19N 0.18N 0. 19N
1 Kwanakbyeo 0.65 0.55 1 Kayabyeo 1.63 . 2.60
Odaebyeo 0.73 1.12
Nonglim 6 0.57 1.90 1 Mansukbyeo 0.32 2.95
Punpok 2.43 1.80 Yushin 0.90 1.22
Suwon 320 0.35 0.79 Seogwangbyeo 0.61 0.00
Youngpungbyeo 1.53 3.89
I Sulakbyeo 0.32 2.15
Sobaeghbyeo 0.40 0.35 n Chupungbyeo 0. 04 1.35
Chucheongbyeo (.57 0.68 Baegyangbyeo 0.28 1.35
Taechangbyeo 0.62 1.28 Shingwangbyeo (.82 0.87
Jinjubyeo 1.08 2.60 Milyang 23 2.48 2.25
Sangpungbyeo 0. 39 3.50 Milyang 42 0.50 1.55
Tamakeum 1.58 1.75 Iri 357 0.63 5.00
Sasanishiki 1.01 2.80 Iri 360 0.67 5.55
Suwon 306 1.35 1.60
Namyang 1 0.83 1.30 v Nampungbyeo 2.33 0.60
Milyang 30 2.14 0.65
n Yeomyungbyeo 0.53 1.11 Suwon 318 0-50 3.42
Bonggwangbyeo 1.10 0.83 Suwon 312
Palkeum 1.17 2.12
Tongjinbyeo 0.60 3.14 A Sujeongbyeo 2.27 0.00
Sumjinbyeo 1.15 2.37 Samgangbyeo 2.77 3.15
Koshihikary 1.25 1.34 Iri 362 1.37 2.85
Nakdongbyeo 0-61 288 Japonica  Range 0.17~2.43 0.35~3.50
. Mean 0.94 1.60
v Chiakbyeo 0.17 0.63 s 0.61 0.89
Seonambyeo 2.35 1.80 .
J/Indica Range  0.04~2.77 0.00~5.55
Nongbaeg 0.54 0.88
. Mean 1.21 2.18
Nonglim 8 2.05 0.35
SD 0.86 1.62
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Table 4. Correlation coefficients between maximum viscosity (MV) and viscosity
development rate of rice starch and of rice flour

MYV of starch at

Rate of starch at

0.18N NaOH 0.18N NaOH
MYV of flour at 0.2N NaOH ] 0.029 0.221
I/ 0.372 0.073
Rate of flour at 0.2N NaOH ] 0.457* 0. 300
1721 0.152 0. 280
Hydration rate® ] 0.017 0.050
/1 0.223 0. 250

Table 5. Ranges of maximum viscosity and viscosity development rate of rice starches

a : Data from reference 1

Hydration No. of
group varieties

Maximum viscosity

Viscosity development rate

0.17N 0. 18N 0. 19N 0.17N 0. 18N 0. 19N
I 5 5.0~12.5° 10.2~14.2 12.6~15.9 0.30~1.63 0.83~3.90 1.35~5.70
(9.243.1)* (12.3% 1.4) (14.0=%= 1.4) (0.807-0.69) (1.751. 33) (2. 9811.-86)
S I 10 5.9~13.8 9.6~15.8 12.0~17.2 0.15~2.65 0.52~4.00 0.90~5.60
'g (9.2 2.4)(12.24 2.0) (14.7= 1.5) (0.7520.70) (1. 56==1.02) (3. 36:4=1. 49)
(=1 .
S0 7 7.8~13.1 10.9~15.4 14.1~16.8 0.16~0.98 0.69~2.13 1.80~4.50
9.7+ 1.9) (12.62= 1.5)(15.2-1.07) (0. 597-0. 28) (1. 5170. 58) (3. 48=0. 95)
v 4 5.4~14.2 8.6~16.6 13.1~18.4 0.14~2.20 0.37~4.25 1.00~5.35
(9.7% 4.5)(12.3% 4.3) (15.5+ 2.4) (0.934:0.97) (2.2141.97) (3. 12£2. 16)
I 1 10.0 15.5 18.3 0.57 2.20 4.80
I 4 11.7~15.4 12.1~15.9 14.1~19.4 0.92~2.13 1.53~3.03 1.53~6.75
(13. 4% 1.5) (14.5& 1.7)(17. 14 2.4) (L.553:0.53) (2. 39+0. 68) (4. 407-2.18)
<
A 7 10.5~15.5 12.6~16.2 15.3~21.5 0.28~2.52 1.10~5.00 1.97~7.60
“i (13.47+ 1.6)(14.4%F 1.3)(18.5%+ 1.8) (1.34+0.78) (2.12+1. 38) (4. 68+2. 38)
=
v 4 9.6~13.1 11.4~15.3 14.1~20.0 0.68~1.36 1.18~3.60 4.15~4.60
(11.84 1.6)(13.92 1.7)(17.3% 2.5) (1.062:0.31) (2.432-1.29) (4. 2740.21)
v 3 11.2~14.2 14.1~18.4 16.0~20.5 0.88~1.73 2.2514.00 4.00~7.10
(13.01.60) (16.312.15) (18. 0+ 2.3) (1.2670. 43) (3. 4010.99) (5. 40+1.57)
a : Range

b : Mean--SD
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the viscosity development rate of Japonica rice
starches were lower at a given alkali concen-
tration than those of J/Indica counterparts,

there was no clear-cut

tendency among
hydration groups. Furthermore, as shown in
Table 4, the hydration rate of milled rice had
no correlation with viscosity of rice starch.
It was therefore not possible from the results
in Table 5 to differentiate each hydration
group of milled rice, as reported in the
previous study concerning the alkali gelatini-

zation of rice flours.?’
Abstract

Viscosity development pattern, in aqueous
sodium hydroxide, of rice starches isolated
from various hydration groups of milled rice
was investigated. The maximum viscosity and
viscosity development rate of Japonica rice
starches at a given alkali concentration were
loswer than those of J/Indica counterparts.
The difference in the viscosity development
rate of starches by increment of 0.1N (0.02
meq/g) was greater in J/Indica rice starches

in comparison with Japonica ones. Viscosity

of rice starch was mnot correlated to that of

rice flour and to hydration rate of milled rice.
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