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Abstract

Extrusion cooking treatment was compared with autoclaving/cooling treatment for formation of enzyme
resistant starch of high amylose comn starch (HACS). Effects of barrel temperature (100°C, 120°C, 140°C) and
feed moisture content (25%, 35%, 45%) on extrusion processing in a co-rotating twin-screw extruder under
fixed screw speed (100 rpm) were investigated by measuring enzyme resistant starch (RS) yield. RS yield
were estimated by in-vitro pancreatin digestion method and enzymatic-gravimetric method using termamyl.
Barrel temperature and yield of RS were negatively correlated and feed moisture content and yield of RS was
positively correlated as determined by in-vitro pancreatin method. The highest yield (38.4%) of RS was
obtained from HACS extrudate processed at the barrel temperature of 100°C and the feed moisture content of
45%, while the yield of RS by S times of autoclaving/cooling was 25%. The yield of RS by in vitro
pancreatin digestion method was 20.7% with high amylose corn starch and 8.2% with ordinary comn starch
(CS), respectively, under the same extrusion condition (barrel temperature 120°C, feed moisture content 35%).
At the same condition, the yields of RS by enzyme-gravimetric method were 14.6% with HACS and 6.8%
with CS, respectively. The yield of RS increased during the storage at 4°C for 4 weeks and the highest yield
(60%) was obtained by the storage of HACS extrudates extruded at 100°C and 45% feed moisturc content.
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Table 1. Proximate composition of raw starch  (unit: %)

High amylose
Corn starch corn starch

Moisture 14.5 13.7
Protein 0.18 0.15
Lipid 0.1 0.1
Ash 0.1 0.1
Carbohydrate 85.1 86.0
Amylose/Amylopectin ratio 25/75 60/40

Barrel

{Feeder side) (first) (second) (third)
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Fig. 1. The screw configuration of the co-rotating twin-
screw extruder used for this study (L/D=44, screw dia-
meter 31mm).
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Fig. 2. The schematic diagram for the measurement of
RDS (Rapid Digested Starch), SDS (Slow Digestive
Starch), RS (Resistant Starch) by in vitro digestion test
using pancreatin and amyloglucosidase.
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(Sigma, A-3042)
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Fig. 3. The Schematic diagram for the measurement
of enzyme resistant starch by enzymatic gravimetric
method using termamyl.
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Table 2. Changes in the in-vitro pancreatin digestibility
of ordinary corn starch and high amylose corn starch

by conventional autoclaving/cooling treatment  (unit: %)
High amylose
Corn starch corn starch
Treatment  “RpS SDS RS RDS SDS RS
(%)’ (%) (%) () (%) (%)
Raw starch 42.1 377 202 432 6.4 504
Number of repeat of
autoclaving at 120°C
and cooling
1 times 935 29 36 791 09 200
S times 776 126 98 460 315 225

YRDS : Rapid Digestion Starch
“SDS: Slow Digestion Starch
?RS : Resistant Starch
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Table 3. Changes in the resistant starch yield determined
by Termamyl digestibility of ordinary corn starch and
high amylose corn starch by autoclaving/cooling treat-
ment (unit : %)

Com  High amylose
starch corn starch

Raw starch 9 17
Number of repeat of autoclaving

at 120°C and cooling

1 time 12 19
5 times 19 27

Treatments

Table 4. Changes in the digestibility of high amylose
corn starch by extrusion temperature and feed moisture
content (FMC)

Extrusion condition Extrudate
Temperature FMC ER"” EMC? RDS (%) SDS (%) RS (%)

100°C 25% 1.35 222 45.6 19.7 34.7
35% 1.40 255 40.2 224 374
45% 1.03 316 415 20.1 38.4
120°C 25% 1.45 15.0 46.5 36.1 17.4
35% 1.53 194 523 27.0 20.7
45% 1.25 27.6 451 26.4 28.5
140°C 25% 245 155 55.8 32.7 11.5
35% 1.94 20.2 55.6 332 11.2
45% 1.16 28.2 47.2 27.9 24.9

Pancreatin digestibility

VER : extrudate expansion ratio
YEMC : extrudate moisture content (%)
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Table 5. Changes in the resistant starch yield determined
by Thermamy! digestibility of high amylose corn starch
by extrusion temperature and feed moisture content
(FMC)

Extrusion Condition Resistant starch yield

Temperature FMC (%)
100°C 25% 13.8
35% 14.8

45% 154

120°C 25% 13.6
35% 14.6

45% 15.0

140°C 25% 11.6
35% 12.0

45% 14.0
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Table 6. Changes in the content of resistant starch of
high amylose corn starch extrudates by the storage time
at 4°C (in vitro pancreatin digestibility) (unit : %)

Storage Time

Extrusion conditions

barrel temp. F.M.C  no storage 1 week 4 weeks
100°C 25% 34.7 354 59.0
35% 374 41.6 60.7
45% 38.4 413 60.0
120°C 25% 17.4 18.0 25.7
35% 20.7 22.6 35.1
45% 28.5 30.3 409
140°C 25% 11.5 16.2 338
35% 11.2 15.8 40.9
45% 249 27.5 50.1
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Table 7. Changes in termamyl resistant starch of high
amylose corn starch extrudates by the storage time at
4C (unit : %)

Extrusion conditions

Storage Time

barrel temp. F.M.C  no storage 1 week 4 weeks
100°C 25% 13.8 18.8 19.0
35% 14.8 20.4 20.0
45% 154 200 220
120°C 25% 13.6 16.2 171
35% 14.6 15.6 17.0
45% 15.0 17.4 18.0
140°C 25% 11.6 11.2 11.4
35% 12.0 14.0 14.2
45% 14.0 13.6 14.0
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