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On the Acid Resistance of Starch Granules

Shozo NArA, Masashi SAKAKURA and Takashi Komiva
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Table 1. The Relationship bstween Hydrolysis Ratio and Relative Crystallinity of Nigeli
Amylodextrin of Potato Starch.

Hydrolysis
period (day) 0 15 30 45 60 75 90
ratio (%) 0 3.3 7.6 11.3 15.2 18.7 22.0
residue (ratio) 1 0.967 0.924 0.887 0.848 0.813 0.780
pF 3.93
moisture (%) 35.56 36.99 38.56 40.46 41.94 43.58 44,92
}0:([1“-—1,[)0 (cm?) 61.1 65.4 67.6 72.0 74.6 77.3 81.4
a. {cm?) 36.3 43.2 40.7 44,2 47.7 50.6 48.7
pF 4.08
moisture (%) 35.11 36.75 38.32 40.03 41.71 43.37 44,89
%}(]L,——I,i)n (cm?) 61.0 66.2 68.2 73.0 77.4 79.3 79.3
a. {cm?) 37.2 44,2 45.9 49.5 48.5 47.1 50.4
pF 4.20
moisture (95) 34.27 35.39 37.27 39.11 39.67 41.31 42.06
%](l],-],i)o (cm?) 58.1 65.6 68.6 72.9 76.0 79.4 80.3
a. (em?) 38.9 44,2 49.4 50.0 48.7 48.6 52.4
mean
; (=X (cm?®) 60.1 65.7 68.1 72.6 76.0 78.7 80.3
1 1.09 1.13 1.21 1.27 1.31 1.34
mean a, (cm? 37.5 43.9 45.3 47.9 48.3 48.8 50.5
1 1.17 1.21 1.28 1.29 1.30 1.35
1/hydrolysis residue 1 1.04 1.08 1.13 1.18 1.23 1.28

%} (I,~1,)s expressed the crystalline area of starch based on the Wakelin method. @, expressed

the crystalline area of starch based on the Hermans method. Ten grams of potato starch were
hydrolyzed in 200m/ of 16% sulfuric acid at 30°C for 15 to 90 days.
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Hydrolysis Rate of Potato Starch by the Sulfuric Acid.

Potato starch (1.5g) in 16% sulfuric acid solution (15, 30 and 45 m/) was
hydrolyzed at the various temperature (30°, 38°, 45°, 50° and 55°C).
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Table 2. Effect of Reaction Temperature on the
Resistant Portion to 16% Sulfuric Acid
in Potato Starch Granules.

Temp. Amount of
¢C) acidm) S 4% K K
15 101.8 — 0.0088 -
30 30 101.7 - 0.0087 —
45 101.2 — 0.0083 -
15 101.3 —  0.0377 —
38 30 100.2 — 0.0391 —
45 101.5 — 0.0469 —
15 67.5 37.6 0.0723 0.479
45 30 72.1 33.4 0.0853 0.482
45 62.7 42.6 0.0773 0.427
15 38.2 61.3 0.0786 0.787
50 30 41.3 60.5 0.1086 0.737
45 33.5 74.7 0.1082 0.829
15 21.9 78.2 0.0852 1.744
55 30 18.4 81.7 0.0813 1.673
45 14.6 85.3 0.1000 1.783

Co=the ratio of the resistant portion to 16%
sulfuric acid in potato starch granules; a,=the
ratio of the low resistant portion to 16% sulfuric
acid in potato starch granules; K.=reaction rate
constant of Cy; K,=reaction rate constant of &,.
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Fig. 2. Changes in the Amounts of Hydrolysis Residue of Various Starches with

Time Course.

The starch sample (1.5 g) was treated with 16

% sulfuric acid (15m!) at 50°C.

The amount of hydrolysis residue of the sample was estimated by the phenol-

sulfuric acid method;
O =high amylose corn;
A =rice;

4 =Corn;
& =sweet potato,

1==wheat; dp=potato; @ =tapioca;

&b = Waxy rice.
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Table 3. The Ratio of the Resistant Portion to
16% Sulfuric Acid at 50°C in the Vari-
ous Starch granules.

Starches Co Qo K. K,
Rice 19.6 80.4 0.0466 0.677
Tapioca 20.2 80.4 0.0342 0.474
Potato 29.6 66.0 0.0349 0.270
Wheat 39.1 62.5 0.0339 0.418
Waxy rice 40.1 59.9 0.2110 0.880
Sweet potato 43,7 49.6 0.0995 0.403
Corn 54.6 47.0 0.0489 0.398

High amylose corn  56.1 36.2 0.0217 0.326

The starch sample (1.5g) was treated with 16%
sulfuric acid (15mi) at 50°C. The amount of
hydrolysis residue - of the sample was estimated
by the phenol-sulfuric acid method.

Co,=the ratio of the resistant portion to 16%
sulfuric acid in starch granules; a,=the ratio of
the low resistant portion to 16% sulfuric acid in
starch granules; K. =reaction rate constant of
Co; K,=reaction rate constant of a,.
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Summary

1. In the preparation of Nigeli amylodextrin of potato starch by treatment with 162 sulfuric acid at 30°C, it
was considered that the only amorphous portion of starch granules was hydrolyzed and crystalline portion was
scarcely hydrolyzed at all. The crystallinity of Nageli amylodextrin prepared by acid treatment (the hydrolysis
ratio: 0.22) was calculated to be 1.28 times larger than that of the original starch, while it was showed 1.35 times
larger than that of the original starch by means of X-ray diffractometer.

2. The hydrolysis process of potato starch by the sulfuric acid at 30° and 38°C was represented with one exponen-
tial equation. The hydrolysis process at above 45°C was given by two exponential equations. The weight ratio of
the acid resistant portion (Cp) at 30° and 38°C was 10093, while the values at 45°, 50° and 55°C were 67, 38 and
18%, respectively. The weight ratio of the low acid resistant portion (@,) and the rate constant (X,) of low acid
resistant portion increased with an increase of temperature.

3. In the acid hydrolysis at 50°C, it has a tendency that a starch has high value of C, is resistant to deteriotation.
However, there is some expection, that is, sweet and waxy rice starch were more easily hydrolyzed in spite of having
its high value. The above fact may be explained by its high X..





