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On the Relation between the Water Saturated State and the Crystallinity of
Moistened Potato Starch, Using the X-ray Diffraction Method

Shozo Nara and Takashi Komiva
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Fig. 1. X-Ray Diffractogram of Cellulose Hydroextracted by Means of the Centrifugal Method at pF 3.93.
a. and g, indicate the crystalline and amorphous portions in the X-ray diffractogram, respectively.
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Fig. 2. X-Ray Diffractogram of Potato Starch Moistened by the Vapor Process for 30 days.
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Table 1. The Moisture Contents and the Relative Crystallinity of the Moistened Cellulose and

Potato Starch.

) moistened vapor method centrifugation method
air dried after day 20 30 pF 3.93 4.00 4.08 4.20
dehydration RH% 100 100 100 RH% 99.4 99.3 99.2 98.9
cellulose
moisture 5.15 4.90 17.47 20.19 22.15 27.92 26.63 25.63 24.00
content 9%
a. (cm?) 105.3 115.1 94.6 97.2 98.8 97.9 98.4 99.7 96.2
1 1.09 0.90 0.92 0.94 0.93 0.93 0.95 0.91
a, {(cm?) 48.5 51.3 42.4  38.8 39.8 37.2 39.0 42.3 40.0
1 1.06 0.87 0.80 0.80 0.78 0.80 0.87 0.82
a./a; (ratio) 0.683 0.691. 0.691 0.715 0.713 0.725 0.716 0.702 0.703
1 1.01 1.01 1.05  1.05 1.06 1.05 1.03 1.03
potato starch
moisture 19.80 16.57 44.60 44.97 49.99 54.63 54.15 53.74 49.74
content 9%
a, {cm?) 25.6 21.9 34.1 35.7 33.8 27.4 28.7 27.3 28.5
1 0.86 1.34 1.40 1.32 1.07 1.12 1.07 1.11
a (cm?) 80.9 102.7 67.7 66.8 71.7 62.5 63.9 66.2 65.5
1 1.27 0.84 0.83 0.8 0.77 0.79 0.82 0.81
a./a, (ratio) 0.240 0.176 0.335 0.348 0.320 0.304 0.310 0.250 0.303
1 0.73 1.40 1.45 1.34 1.27 1.29 1.22 1.26

Samples:

the moistened cellulose and potato starch.

a, and q, indicate the crystalline and amorphous portions in the X-ray diffractograms of the

samples, respectively,
a,=a.+a,
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Table 2. Crystallinity of N3geli Amylodextrin Prepared from Potato Starch by the Acid Hydro-

lysis Method.
hydrolysis time {(day) 0 15 30 45 60 75 90
hydrolysis ratio (%) 0 3.3 7.6 11.3 15.2 18.7 22.0
hydrolysis residue 1 0.967 0.924 0.887 0.848 0.813 0.780
1/hydrolysis residue 1 1.04 1.08 1.13 1.18 1.23 1.28
a. (cm?) 37.5 43.9 45.3 47.9 48.3 48.8 50.5
a, (cm?) 72.0 67.4 63.6 66.4 64.8 60.4 60.6
a./a, 0.342 0.394 0.416 0.419 0.427 0.447 0.455
1 1.15 1.22 1.23 1.25 1.31 1.33

a. and a, indicate the crystalline and amorphous portions in the X-ray diffractogram of Ngeli
amylodextrin, respectively. Nigeli amylodextrin was prepared from potato starch by treatment

with 169 sulfuric acid at 30°C.
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Summary

The authors measured the crystallinity of moistened cellulose and potato starch by the X-ray diffraction method
and determined the water saturated state by means of the moisture contents calculated from their crystallinity.

1. In the X-ray diffractograms of the moistened samples of cellulose and potato starch, the upper area (a.+a.)
which was separated by the straight line joining the points of intensity at 37° and 4°(8°) of 20 was the relative
reflection area in the crystalline and amorphous portions. The under area was the back ground of the non-relative
reflection area. The upper area (2,.) separated by the smooth curve joining the minimum intensity at 4° to 37° of
20 corresponded to the crystalline portion, and the under area corresponded to the amorphous one.

2. The ratio of the crystalline portion (a.) to the sum of the crystalline and amorphous portions (a. +a,) in the
X-ray diffractogram was considered to be crystallinity.

3. The crystallinity of the air dried and the moisture saturated samples of cellulose were 0.68 and 0.71::0.02,
respectively., The saturated moisture content of cellulose was 289 and the saturated state was given by the centrif-
ugal method at pF 3.93.

4. The crystallinity of the air dried and water saturated samples of potato starch were 0.24 and 0.32::0.03,
respectively. The saturated moisture content of potato starch was 499% and the saturated state was given by means
of the vapor process for 30 days and the cetrifugation at pF 4.20.





