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Abstract

Crystalline structure of the extrudate of high amylose comn starch was studied by X-ray diffractometer and “C
NMR. The X-ray diffraction crystal ratio of the extrudates (barrel temperature 100°C) of high amylose comn
starch slightly increased from 6.08% to 8.37% by increasing feed moisture content from 25% to 45%. But
extrudates of high amylose corn starch showed similar crystal ratio on various extrusion conditions.
Extrudates of high amylose corn starch (feed moisture content 20%, barrel temp 140°C) showed more
enlarged crystal structure than that of non-extrudates. The perpendicular distance of crystal increased by
extrusion. Crystal ratio was changed from 6.3~8.3% to 4.5~5.8% during storage at 4°C. Starch configuration
was examined with "C NMR. Double helical content was measured by “C NMR method. The highest double
helical content (60%) was obtained from high amylose corn starch extrudate (barrel temp.:100°C, feed
moisture content 45%). Double helical contents and resistant starch (RS) yields (pancreatin) were positively
correlated. However, double helical content of the extrudates was not changed by the storage at 4°C.
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Fig. 1. Starch X-ray pattern for relative crystality. Ac:
crystal region/Aa : amorphous region.

Table 1. °C CP/MAS NMR condition for molecular
organization analysis in starch
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Magic angle spinning : 3 kHz
Acquisition time : 0.05 sec
Spectrum with : 50 kHz
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Fig. 2. X-ray diffraction patterns. (A) High amylose corn
starch, (B) High amylose corn starch auntoclaving/cooling
5 times, (C) Corn starch, (D) Corn starch autoclaving/cool-
ing 5 times.
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Fig. 3. X-ray diffraction patterns of high amylose corn
starch extrudates. (A) barrel temperature 100°C, feed
moisture content : 45%, (B) barrel temperature 120°C, feed
moisture content : 35%, (C) barrel temperature 140°C, feed
moisture content:25%, *Number above peaks indicate
peak 26.
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Table 2. Changes in X-ray diffraction crystal ratio of
high amylose corn starch by extrusion condition

Extrusion condition

Crystal ratio Resistant

Barrel temp. ('C) F.M.CY (%) (%) starch (%)

100 25 6.08 347
35 6.65 374
45 8.37 384
120 25 6.11 17.3
35 7.00 20.7
45 5.38 28.5
140 25 6.26 11.5
35 5.58 11.2
45 5.90 249

“Feed moisture content (%)
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Table 3. Changes in X-ray diffraction crystal ratio of
high amylose corn starch extrudates by the storage at
4°C

Fig. 4. “C CP/MAS NMR spectra of high amylose
corn starch. (A) Raw starch, (B) autoclaving/cooling 5
times, (C) extrudate (barrel temperature 100°C, feed
moisture content : 45%).
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Table 4. Changes in NMR double helical content of
high amylose corn starch extrudates by extrusion
condition and storage time

Extrusion condition  Crystal ratio (%) Resistant starch

Extrusion condition Double helical content (%)

Feed moisture  Barrel no 4 weeks (%) after 4 Feed moisture Barrel temp. . 4 weeks

content (%) temp. (C) storage storage Weeks storage content (%) cC) no stporage storage
25 140 6.3 4.5 338 25 140 425 40.3
35 120 7.0 5.2 35.1 35 120 47.7 499
45 100 8.3 5.8 60.0 45 100 60.0 60.0
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