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Abstract

The changes in molecular size distribution of rice starch during extrusion cooking and simple heating
of rice flour were compared and the effect of subsequent enzyme treatment on the molecular size
was examined. A single-screw extruder was used with varing feed moisture contents (17~29%) and
barrel temperatures (100~150C ). An aluminium capsule immersed in oil bath (100~200C ) was used
for the simple heat treatment of rice flour. In case of extrusion cooking tiie mechanical energy input
varied sharply at around 23% moisture content of the feed. At the feed moisture content of 17—~23%,
a significant molecular size reduction of rice starch was observed by the gel permeation chromatogra-
phy using Sephacryl S-1000 gel. The intact starch molecules of above 4X107 dalton were largely
disintergrated by extrusion cooking of rice flour containing the moisture content less than 23%. It
was mostly degraded further into the molecules having below 5X10° dalton by a-amylase treatment.
But at the feed moisture content above 26% the starch did not show molecular size reduction either
by extrusion cooking or by subsequent enzyme treatment. On the contrary little changes in molecular
size of starch was occured by simple heating of rice flour containing the moisture less than 20%,
but slight size reduction was observed at the moisture content above 23%, where the effect of a-

amylase was also observed.

Key words: Extrusion-cooking, Rice starch, Molecular weight distrubution, Enzyme susceptibility.
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Fig. 1. Changes in mechanical energy input (MEI) by

moisture content and temperature during extrusion-

cooking of rice flour
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Fig. 2. Changes in water solubility index (WSI) of rice
flour by moisture contant and temperature during ext-
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Fig. 4. Changes in molecular weight distribution of rice extrudates determined by Sephacryl S-1000 gel permeation

chromatography
A; raw rice starch, B; m.c. 17%, 120C, C; m.c. 20%,

120C, D: m.c. 23%, 120C
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Table 1. Molecular weight distribution of raw rice, heat
treated and extruded rice starch granules determined
by Sephacryl S-1000 gel chromatography. (% of total
starch)

& ddelol g wAPel B AT 207

Table 2. Change in molecular weight distribution of
the processed rice starch by a-amylase treatment as
determined by Sephacryl S-1000 gel chromatography
(% of total starch)

Processing Molecular weight(Dalton)
condition 24X 107 4X107-5X10° 5X100-2X 100 <2106
Raw rice starch 18.17 76.07 2.27 3.49

{Extrusion-cooking)
17% Moisture

110 6.62 78.92 6.18 8.18

157¢C 5.89 8148 423 8.40
20% Moisture

120C 5.79 79.44 5.17 9.60

145C 9.56 80.37 4.18 5.89
23% Moisture

110C 5.29 86.29 3.83 9.54

135C 12.88 82.10 117 3.85
26% Moisture

120C 18.01 74.37 2.26 5.38
29% Moisture

110T 18.12 75.05 2.25 35
{Simple heat-treated)*
11% Moisture  17.77 76.34 3.09 2.80
17% Moisture  16.32 77.12 2.74 3.82
20% Moisture  17.65 76.02 245 3.88
23% Moisture  10.72 81.98 4.23 3.07
29% Moisture  13.29 80.12 3.20 3.39

*Samples were treated at 200C for 5 min
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Processing condition — Molecular weight(Dalton)
befor enzyme — 24X107 4X107X108 5x10°2X10°8 <2x10°
treatment

Raw rice starch 3.26 56.23 23.11 17.40
{Extrusion-cooking)
17% Moisture

110C 1.65 13.23 43.56 41.56

157C 0.21 11.26 45.25 43.28
20% Moisture

120C 2.89 13.34 42.67 41.10

145C 3.24 15.11 48.90 32.75
23% Moisture

110C 5.27 14.44 57.24 23.05

135C 7.38 17.49 50.65 24.48
26% Moisture

120C 501 42.68 25.23 27.08
29% Moisture

110C 5.12 45.59 26.45 22.84
{Simple heat-treated)*
11% Moisture 3.37 57.24 22.70 16.69
17% Moisture 3.19 55.25 22.74 18.82
20% Moisture 311 56.18 23.55 17.16
23% Moisture 222 46.44 28.24 23.10
29% Moisture 2.07 47.66 29.58 20.69

*Samples were treated at 200C for 5 min
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Maltose eq. (g mal/100g solid)

Time(min)

Fig. 5. Changes in maltose equivalent of rice powder
treated with a-amylase. (Ex.: Extrusion-cooking, H: Si-
mple heat-treatment)
B—W; Raw rite, o—»; Ex. 17%/130C, @—@; Ex. 26
%/120C , O—0; H, 200C/23%/5 min. ¥—¥; H, 150C/11
%/5 min.
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di/gs Veb gt o G xeld A2 06~0.7 dl/ge]
Szo 74AEE Bgw, Y8 Tk 23% A=
Al7F 58-9) A R-L 03122dl/g, YE FEIH 29%

Table 3. Changes in the intrinsic viscosity of rice starch
by heat treatment and subsequent a-amylase treat-
ment

Starch heating
condition

Intrinsic viscosity Intrinsic viscosity
after heating after a-amylase

(dl/g) treatment (dl/g)
Raw rice starch 1.1263 0.6426
{Extrusion-cooking)

17% Moisture 110C 0.8930 0.2612

157C 0.8996 0.3034

20% Moisture 120C 0.8945 0.2591

145T 0.9231 0.2634

23% Moisture 120C 0.9062 0.2833

135C 0.9318 0.3318

26% Moisture 120T 1.0684 0.3624

29% Moisture 110T 1.1103 0.3544
{Simple heat-treated)

11% Moisture 100C 5min 1.1235 0.5436

(Raw rice) 150C 5min 1.1076 0.6077

200C 5min 1.0003 0.5407

17% Moisture 200C 5min 0.9995 0.4655

23% Moisture 200C 5min 0.9523 0.3122

29% Moisture 200C Omin 1.0125 0.4879

3min 0.9973 0.4516

5min  0.9863 0.3275
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Physicochemical Properties of Defatted and Lipid-reintroduced
Kidney Bean, Mung Bean and Corn Starches

Sang-Keum Lee and Mal-Shick Shin

Department of Food and Nutrition, Chonnam National University

Abstract

Physicochemical properties of defatted and lipid-reintroduced kidney bean, mung bean, and corn
starches were investigated. Granule shapes of kidney bean and mung bean starches were oval/round,
but corn starch was polygonal and each shape was not changed after defatting and lipid reintroducing.
The granule sizes of starches ranged 12~45pum, 10~32 um and 5~20 um respectively, but those
of lipid reintroduced starches increased slightly. All starches showed Ca type in x-ray diffraction but
relative crystallinity was decreased by defatting. The amylose contents of starches increased after
defatting but decreased after lipid-reintroduction. The swelling power and solubility of untreated star-
ches at each temperature increased by defatting but decreased by lipid-reintroduction except corn
starches. The initial pasting temperatures of kidney bean, mung bean and corn starches by amylograph
were 87, 67 and 80C respectively, and those of them were lowered by defatting. The peak viscosity,
height at 50T, consistency and setback on amylogram of starches decreased by defatting but increased

by lipid-reintroduction.

Key words: kidney bean starch, mung bean starch, corn starch, defatting, lipid-reintroduction.
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Table 1. The proximate composition of various star-
ches

Components Moisture Protein Ash  Lipid (%M,
Samples (%) (%) (%) Crude Total
Kidney bean UTS!' 12.17 0.38 005 012 0.29
Starch DFS*  9.39 023 005 001 003

LRS* 10.71 049 008 0.03 022

Mung Bean UTS 1448 031 003 002 010
Starch DFS 1357 0.19 006 003 0.06
LRS 9.28 0.54 008 003 0.09

C})rn UTS 1047 049 0. 03 0.05 054
Starch DFS 1061 035 003 006 011
LRS 823 062 005 004 052

YUTS: Untreated starch, ?DFS: Defatted starch, ¥LRS:
Lipid-reintroduced starch.
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Fig. 1. Scanning electron micrographs of Kindney bean (KB), Mung bean (MB) and Corn (CO) starches
A: untreated, B: defatted, C: lipid-reintroduced
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Fig. 3. X-ray diffraction patterns of Kidney bean (KB),
Mung bean (MB) and Corn (CO) starches
A: untreated, B: defatted, C: lipid-reintroduced

Table 2. The physicochemical properties of various starches

Starches Kidney bean

Properties CUIS DRY RS UTS |
Amylose content (%) 30.8 341 21.0
Water binding

capacity (%) 85.7 103.1 146.8
Swelling power

at 80T 8.7 89 7.2
Solubility (%)

at 80C 10.3 124 5.6

Mung bean Corn
UTS  DFS  LRS  UTS  DFS  LRS
360 363 349 251 296 244
080 1117 1127 8L1 950 1300
170 167 120 117 132 119
158 176 120 80 166 103

DUTS: Untreated starch, YDFS: Defatted starch, ¥LRS: Lipid-reintroduced starch.
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Fig. 4. Swelling powers of Kidney bean (KB), Mung
bean (MB) and Corn (CO) starches
A: untreated, B: defatted, C: lipid-reintroduced
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