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Abstract

The establishment of optimal producing condition for rice-based infant foods using modified rice powder
was attempted. The modification of rice powder was prepared by microwave heating as well as partial enzyma-
tic hydrolysis. Not only thermal treatment but also enzymatic hydrolysis on rice powder increased D.E. value
from 1.25 to 3.81. The water binding capacity, swelling power, solubility, digestibility by a-amylase, light trans-
parency, and paste clarity of the modified rice powder compared to unmodified rice powder were increased
from 107% to 249%, from 7.80 to 42.52, from 0.04% to 0.89%, from 9.19% to 23.01, from 33% to 42%, and
from 2.2% to 3.9%, respectively. On the other hand, gelatinization temperature, apparent viscosity, and degree
of retrogradation of modified rice powder showed negative correlation with D.E. value. The results suggested
that the thermal and enzymatic treatment on rice powder improved the physicochemical properties of rice
based infant food by enhancing carbohydrate absorptionability and lowering the viscosity and opacity.
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Fig. 1. D.E. value of rice powder hydrolysed with
a-amylase by different preheating time and enzyme
concentration.
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Table 1. Brabender visco-amylogram of rice powder treated with microwave preheating and/or a-amylase of
8% (W/v)

Preheating, Enzyme Initial pasting  Peak Peak Viscosity 15 min, Viscosity
Microwave  concentration temp. height temp at 95C height at 55C
(min) (units/100g rice) ©) B.U) ©) (B.U) B.U) B.U)
0 150 66.7 148 92.0 148 30 40
1067 65.0 120 922 120 30 38
2133 570 120 922 120 17 26
0.5 150 66.5 180 90.5 144 30 30
1067 645 140 91.0 140 15 315
2133 50.5 118 93.0 118 17 30
1 150 66.0 190 91.0 260 25 30
1067 66.0 158 92.2 135 20 30
2133 56.0 35 90.6 124 31 30
15 150 66.0 208 92.0 140 38 44
1067 67.0 170 90.5 135 16 45
2133 54.0 155 91.5 134 22 35
2.0 150 66.0 185 90.5 110 30 38
1067 65.0 152 90.3 108 32 32
2133 56.0 115 920 110 25 30
25 150 65.5 108 915 108 40 36
1067 63.0 123 92.3 108 35 34
2133 50.5 95 922 95 20 30
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Fig. 2. Changes of light transparency of rice powder
treated with a-amylase during heating at the rate of
1.5C/min.
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Table 2. Light transparency of rice pastes treated with preheating and/or a-amylase

Solid Concentration (%)

Preheating, Enzyme
Microwave concentration 1 hr .

(min) (units/100g rice) TO2M+SD) 04M=SD) 06(M*SD) 08M=SD) LOM*SD)

0 150 45.8+ 0.05° 16.0+ 1.73° 6.2+ 0.23* 35+ 0.10° 2.2+ 0.15*
1067 4761020 159+ 0.85 6.6+ 0.05% 3.7+ 0.10® 25+ 0.11®

2133 497+ 0.26™  15.6* 3.68 7.5+ 0.119%f 4.2+ 0.80™ 2.6%0.10°

0.5 150 478+ 1.00%>  15.7+1.05 6.5+ 0.63® 3.7+ 0.10® 2.4+ 0.05®
1067 512+ 0.49% 192+ 0.32% 7.2+ 047 4.1+ 0.11% 2.5+ 0.00®

2133 547+ 160" 204+ 0.87° 7.4+ 0197 46+ 0.05" 2.9+ 1.15%

1 150 49.7+ 1,15 181+ 2.10% 7.0+ 0407 39+ 0.23® 2.5+ 0.05®
1067 512+ 060 173+ 0.75% 7.2+ 0.45%%* 3.9+ 0.15® 2.6+ 0.11*®

2133 505+ 1.40%¢ 191+ 0.64>* 7.7+ 0.30% 4.6+ 0.35° 2.8+ 0.20®

15 150 512+ 3.14% 157+ 1.15* 7.5+ 0.28% 3.9 0.05 2.6+ 0.15®
1067 54.6+ 2.99° 19.7+0.25% 7.4+ 0.60¢ 4,0+ 0.25% 2.8+ 0.66®

2133 59.6+ 1.80" 23.6+ 1.83¢ 7.6+ 0.10%¢ 4.6+ 0.32° 2.7+ 0.23"

2 150 52.0+ 095¢ 188+ 0.95* 7.4+ 0.20%% 4.3+ 0.55% 2.7+ 0.05%®
1067 54.3+ 2.34¢ 20.3+ 0.45° 7.5+ 0.400 4.6% 0.15° 3.3+ 0.98>

2133 586+ 1.065"  28.3% 1.51° 8.0+ 0.23 5.3+ 0.70¢ 34+ 0.10¢

25 150 55.8+ 1.72% 186+ 0.26* 8.2+ 0.70% 44+ 0.28" 32+ 0.32*
1067 57.1+4.09% 199+ 0.72° 8.8+ 0.17¢ 4.9+ 0.26° 3.6+ 0.36%

2133 563+ 2.74% 248+ 061 110+ 100" 5.4+ 0.30¢ 3.8+ 0.10¢

p value $<0.05 $<0.05 $<0.05 $<0.05 $<0.05

¥a b, ¢, d, e f: Values with different letters in a same column are Significantly different

1. M+ SD: Mean * Standard Deviation
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Fig. 3. Apparent viscosity of rice hydrolysed with a-
amylase at different solid concentration.
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Fig. 4. Apparent viscosity of rice at different solid
concentration.

(a-amylase 1067 units/100g rice)

¢—4 0 min, @—8& 05 min, A—2 1 min, Xx—x 15
min, ¥—X 2 min, ®—@ 2.5 min

Apparent Viscesity (Cp)

2) Aw

a-amylased HA7iste] A7FEE 7R AHS o
A7t A Gotds ¢ 4 AUTHFig 3). & 100g3
2133 units®] EAE WAL ) B A2EA e
Algel Blsl A=t 1/4~1/5 502 ZaHE A
o2 JERITh o] amylase H7}ol &) #Eo] v}
FR=] AEAS =HY7] PE7Q Aoz A5
Fig. 4= 1067 units®] &AAE AH31ES # 714 A
o W2 A WskE Jelde AoR 7tg Algte]
FNEFE Fad o3 JgEE Ayt sk
Ax7t AA isle Aoz eyt

4. HY WiIRe| 3T

71g HEet 54 HY AR e} =3ne A
o] & 100gF A& 150, 1067, 2133 unitsE ZHE-A|
FIH w8 28,7004 279, 264, 2347 7H A oW
7} A|7to] Z7MEe wet w3l gasel s
AHeEl g 258 s W, e Ah Frd ma
259, 230, 1952 ©] @o] A=A E2Ael4) BE
glucoamylase 7FrE-si&9 $7he 84 Az 73
o] amyloseZ} WA B30} AR HH Fo] =
AN B0 2718+ glucoamylased] E2ho) 947
wj) £ o] tKFig. 5).

Y

o
>

y 1)
9.3
154

PR
1=
j

Degree of
retrogradation (%)

=Y

LIV
-

L=

0.5 3 15 2 2.3

Microwave preheating (min)

Fig. 5. Degree of retrogradation of rice powder trea-
ted with microwave preheating and/or a-amylase by
glucoamylase.
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Fig. 6. Syneresis of pastes of rice powder treated
with microwave preheating and/or a-amylase.
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Table 3. Digestibility of rice treated with preheating and/or a-amylase by human saliva a-amylase

Preheating, Enzyme Raw Rice Gelatinized Rice
Microwave concentration 0 hr 1/2 hr 1 hr 0 hr 1/2 hr 1 hr
(min) (units/100g rice) (M= SD) M+ SD) (M= SD) M= SD) M=£SD) (M= SD)
0 150 153+ (.072* 5.00+0.202* 14.63+ 1095 293+ 0458 22.81+t0.121* 67.02+2.178
1067 2.31% 0.125% 5.39+ 0.083* 14.58+ 0.736° 3.61% 0.598™ 26.90% 1.548> 71.32+ 2.232"
2133 2,68+ 0.075¢" 5.71+ 0.246™9 15.60+ 0.207* 4.36+ 0.833% 30.04+ 0.346* 76.11+ 1.910®
0.5 150 1.691 0.025" 5.14+ 0.329* 14.68+ 0.248° 3.32+0.153* 24.58+ 2.118" 68.64* 1.472*
1067 2,511 0.106% 5.82+ 0.210°* 15.57+ 0.996" 4.20+ 0.145¢ 28,13+ 0.040> 73.09+ 5.490®
2133 302+ 0.139%¢ 6.26+0.309" 17.16% 0.796% 4.52+ 0.341% 3142+ 0.511% 80.14+ 1.288*
1 150 1.73% 0.031® 530+ 0.060®° 15.13+ 0.581* 3.51+ 0.036" 27.32%+ 0.139% 70.61+ 1.649°
1067 2.73+0.062" 5.81+ 0.234% 17.24+ 0.491°* 4.18+ 0.216¢ 2857+ 0.633¢ 71.29+ 0.575™
2133 3.39+ 0.263" 6.83+0.104* 1822+ 0.841¢ 4.69+ 0.110% 34,65+ 1.118 80.61+ 1.760%
15 150 1.80+ 0.075" 5.62+ 0.055™ 16.57+ 0.193™ 3.50% 0.259* 27.72+ 4.3479 71.53% 3.056%
1067 3.08+ 0.040¢ 5.81+ 0.085% 17.34+ 0.340<% 4.62+ 0.195% 33,58+ 1.129¢ 72.22+ 3.492¢
2133 347+ 0.056 7.27+0.029" 1952+ 0568 4.80+ 0.275% 36,15+ 0.635" 81.24+ 0.704*
2.0 150 2.15+0.084° 6.13+0.116* 16.74% 0.104™¢ 3.69+ 0.276™ 27.98+ 1.603*! 71.55+ 0.985"
1067 321+ 0,156 629+ 0.142" 17.95+ 0.240% 4.69+ (0.282% 34.29+ 0.857¢' 74.09+ 3.253¢
2133 37210197 7.73+ 0211 2056+ 1.023" 5.00% 0.181¢" 36.92+ 0.546' 82.85* 4.696*"
2.5 150 244+ 0.156° 6.18+ 0.271°" 16.79% 0.200% 3.72+ 0.221> 29.01+ 1.076* 76.29+ 2.948"
1067 3,57+ 0.0937 859+ 0.452" 18.82+ 0.865° 4.58% 0.313% 36.56* 1.936' 82.56+ 3.010%"
2133 4.29+ 0.061% 9.00+ 0.455¢ 23.01+0.965* 5.38+0.331" 46.08+ 5.8141% 87.61+ 2.295"
p value $<0.05 $<0.05 $<0.05 $<0.05 p<0.05 p<0.05

¥ a b ¢ d, e f g h i j; Values with different
1. M+ SD: Meant Standard Deviation

letters in a same column are Significantly different

Table 4. Physicochemical properties of rice powder treated with microwave preheating and/or a-amylase

Preheating, Enzyme Water Binding Blue Alkali
Microwave concentration Capacity (%) value number
(min) (units/100g rice) M= SD) (M= SD) (M= SD)!
0 150 109+ 14° 0.42+ 0.00¢ 8.4+ 0.00°
1067 156+ 7.8 0.40+ 0.01% 9.4+ 0.07%
2133 177+ 5.7 0.39+ 0.02% 9.6+ 0.14™
0.5 150 129+ 11.3" 041+ 0.04% 841 042¢
1067 135+ 0.0" 0.40+ 0.01¢ 9.6+ 0.14*
2133 187+ 7.8% 0.37+0.04+¢ 10.0% 028
1 150 143+ 0.7% 0.39+£ 0.00¢ 9.2+ 0.07"
1067 175+ 9.2¢ 0.38% 0.00" 11.2+ 2.55™
2133 197+ 17.0¢ 0.35+ 0.02" 23.3% 1.84*
1.5 150 143+ 5.7 0.38+ 0.00° 9.6+ 0.71"
1067 173+ 2.8% 0.33% 0.05* 12.0+ 0.00*¢
2133 207+ 11.3" 0.32+ 0.00° 25.6% 2.265"
2 150 161+ 14,1« 0.37% 0.01% 13.6+ 1.98«
1067 199+ 9.2¢ 0.32% 0.00 16,0+ 1.41¢
2133 228+ 4.2 0.31+ 0.00° 28.2+ 1.70
2.5 150 147+ 2.1 0.36+ 0.01 14.8% 0.42%
1067 239+ 9.21 0.32+0.01° 18.0+ 2.69'
2133 249+ 2.1 0.30+ 0.01* 30.2+ 0.28
p value $<0.05 $<0.05 $<0.05

¥ a b, c d e f g h i j Values with different letters in a same column are significantly different.
1. M£SD: Meanz Standard deviation.
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Table 5. Changes in solubility and swelling power of rice treated with preheating and/or a-amylase
Preheating, Enzyme 65T 75C 85T
Microwave concentration Sol (%) Sp Sol (%) SP Sol (%) SP
(min)  (units/100 grice) (M= SD) (M= SD) M= SD) (M= SD) (M= SD) (M= SD)!
0 150 0.06+0.01* 116+ 0.09%° 014+0.04° 6.30% 144* 0.24+0.01* 10.58%* 1.66°
1067 0.12£ 0.01%¢ 7.37+0.06% 0.19+ 001> 8861037 0.26%0.03" 12.06%0.76®
2133 0.14% 0,02 6.63+ 001 022+ 0.01%¢ 11484 2.31°%0.29+ 0.01° 12.66% 0.03*
05 150 0.10+ 0.01® 457+023° 019+ 0.01* 878+0.06° 026+0.01*° 12.76+0.71*
1067 0.15£0.03¢ 713+ 1.26% 027+ 0.01<% 1241+ 0.78% 0.32+ 0.02* 15.40=* 0.99>
2133 0.15+ 0.00¢ 699+ 030 0.31+0.02¢ 1344+ 0.54°% 0.38% 0.01® 17.14+ 0.69
1 150 0.12+0.06™ 432+ 136> 021+0.01* 9.84+0.05> 0.30+0.01% 16.66+ (.64
1067 0.13+0.01*¢ 589+ 0.18°  0.28+0.00% 13.72+ 0.00°"0.38+ 001" 18.07+ 1.48*
2133 0.16+0.00¢ 751+ 025%% 035+ 0.04% 1519+ 0.70¢ 0.48+ 0.05% 23.10+ 2.67%
15 150 0.16+ 0.01¢ 760+ 0.35% 021+ 0.04™ 944+ 064> 0.33+0.02* 15.74+0.78™
1067 022+ 0.01° 10.12£0.00° 0.30+0.02¢ 14.25% 1.25%" 0.43+ 0.03" 21.17+ 1.06*
2133 030+ 001"  13.80+0.85% 0.34+ 0.01°% 1591+ 0.37" 054+ 0.07™ 24.00+ 4.62%
2 150 0.16£ 0.01¢ 750+ 0.21% .22+ 0.01*¢ 10.12+ 0.65* 0.28+0.01° 11.96% 0.50®
1067 021+ 001° 996+ 0.23 029+ 0.01¢  14.18+ 0.74% 0.46% 005" 19.32% 1.78%*
2133 031+ 0.00% 14.73+0.22¢ 0.38+0.01* 17.16+ 0.62' 030+ 041" 2642+ 2.32¢
25 150 0.17+0.01¢  8.09+0.35¢ 0.22+0.04> 1042+ 1.56>90.34+ 0.01* 14.24+ 0.54*
1067 029+ 0.01' 13.82+0.14° 0.44+0.01" 20.86+ 031 0.65%0.02° - 28.98+ 1.78"
2133 0.34+0.00¢ 1622+ 0.15" 053+0.08 3445+ 1.77% 0.890.01¢ 4252+ 040
p value $<0.05 $<0.05 $<0.05 $<0.05 $<0.05 $<0.05

¥a b c d e f g h i j: Values with different letters in a same column are Significantly different
1. M£ SD: Mean= Standard Deviation
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