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Abstract

Recently, amorphous granular starch (AGS) or non-crystalline granular starch (NGS) is of great interest because it
has specific physicochemical properties compared to native starches. Various approaches have been taken to prepare
gelatinized starch while still maintaining its granular shape. The granular cold-water soluble starch (GCWS) can be
prepared by alcoholic-alkaline treatment or by using liquid ammonia and ethanol. However, these starches exhibit
significant deformation and shrinking, and chemical treatments may raise safety issues for their potential food appli-
cations. Therefore, in this study, the optimization of preparation method for amorphous granular potato starch
(AGPS) was investigated using ethanol and heat treatments. Response surface methodology (RSM) and central com-
posite design (CCD) were used to find the optimum conditions for AGPS preparation based on granule integrity and
birefringence. Optimum conditions were 53.3% ethanol and 93.87°C heat treatment for 15 min. Prepared AGPS
maintained its granular structure and lost birefringence, crystallinity, and DSC amylopectin melting peak, suggesting
that proper AGPS could be made using optimized conditions.
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Table 1. Central composite design range of the ethanol content
and temperature

Factor levels
-0, -1 0 +1 +o,

EtOH content (X,)  46.5 50 55 60 62.4
Temperature (X,) 88.3 90 92.5 95 96.2
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X-A 3HAE+= Xeray diffractometer (D8 Advance,
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Table 2. Experimental design of the amorphous granular potato
starch from the results of two dependent variables (granule
integrity and birefringence)

Coded variable Response
Run A B Granule  Birefringence
(EtOH, %)  (Temp.,°C)  (integrity) (degree)
1 46.5 92.5 3.5 3
2 50 90 4.7 4
3 50 95 4.5 4
4 55 88.3 3.5 3
5 55 92.5 4.5 43
6 55 92.5 4.5 43
7 55 92.5 4.5 43
8 55 96.2 4.5 43
9 60 90 3 3
10 60 95 3.5 3
11 62.4 92.5 25 2
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Table 3. Model fitting of the amorphous granular potato starch from the results of two dependent variables (granule integrity and

birefringence)
Response Model Prob>F R? Adj-R? Equation in term of coded variable levels
Granule Quadratic 0.0272 0.8727 0.7455 Y, =4.5-0.51X, + 021X, + 0.18X, X, - 0.64X,- 0.14X,’
Birefringence Quadratic 0.0296 0.8681 0.7361 Y,=4.3 - 043X, + 0.23X, - 0.79X,*- 0.22X,?
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(2)

Fig. 1. Light (1) and polarized (2) micrographs of amorphous granular potato starches treated at 88.3-96.2°C with 46.5-62.4% EtOH
(46.5%-92°C: A, 50%-90°C: B, 50%-95°C: C, 55%-88.3°C: D, 55%-92.5°C: E, 55%-92.5°C: F, 55%-92.5°C: G, 55%-96.2°C: H, 60%-

90°C: I, 60%-95°C: J, 62.4%-92°C: K).

Fig 2. Light and polarized micrographs amorphous granular
potato starch treated at 94°C with 53% EtOH (LM: A, PM: B).
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Table 4. ANOVA analysis of amorphous granular potato starch
from the results of two dependent variables (granule integrity
and birefringence)

Granule Birefringence

Souree - Prob>F g igance PROZF gioiican

(p-value) ghificance (p-value) ghiticance

Model 0.0272 * 0.0296 *
X,-EtOH 0.0123 * 0.0312 *
X,-Temp. 0.1719 ns 0.1708 ns
AB 0.3996 ns 1.0000 ns
A? 0.0101 * 0.0056 *
B’ 0.4102 ns 0.2572 ns

*Significant at p < 0.05; ***Significant at p < 0.0001; ns, not significant
(p=0.05)
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Fig. 3. 3D response surface of amorphous granular potato
starch for desirability.
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Fig. 4. DSC thermograms of native potato starch and
amorphous granular potato starch.
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Fig. 5. X-ray diffraction patterns of native potato potato starch
and amorphous granular potato starch.

Table 5. Optimum conditions that considering both granule integrity and birefringence

Solution
Number EtOH (%) Temperature (°C) Granule Birefringence Desirability Selected
1 53.3 93.87 4.6422 4.4150 0.987
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