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Abstract  The physicochemical properties of starches isolated from seven potato varieties grown in Enshi 
Prefecture of China were determined, with three starches from commercial potato, sweet potato, and cassava as 
control. There was a significant difference (p < 0.05) in moisture, ash and protein contents of the starches. The starch 
granules of potato were larger (33.96 -51.94 μm) and showed a wider range of size distribution than sweet potato 
(16.06μm) and cassava (14.90μm). The potato starch had a lower gelatinization peak temperature than sweet potato 
starch. Potato starches digestibility were influenced by processing conditions; microwave cooking can significantly 
increase the content of resistant starch (RS). Results of the principal component analysis demonstrated that potato 
starch from PS2, PS3, PS4, PS5, PS7 shared high similarity and differentiated from other potato cultivars.  
The variability observed in the properties of the various starches can improve their future potential in food or non-
food applications. 
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1. Introduction 

Enshi Prefecture is in the heart of Wuling mountains, 
southwest of Hubei Province, China. It is the most 
important potato production area in Hubei province and 
major double-season potato planting area in China, 
where Southern China Potato Research Center (Enshi) is 
located. Huang et al concluded that Enshi's land contains 
high levels of selenium that can be enriched during plant 
growth, leading to health benefits for the human body [1]. 
As a food that also contains abundant starch, rice has 
been shown to contain high levels of selenium in its 
starch granules in the Enshi territory [2]. In view of the 
annual potato planting area of Enshi Prefecture was 
approximately 130 thousand hectares, with an average 
total annual yield of 35.31 tons/ hectare, occupies 
approximately 50% of the potato planted area in Hubei 
and accounts for approximately 24% of the total annual 
crop production in the whole prefecture. Potato is not 
only consumed as a local major source of energy in diet, 
but also combined perfectly with local food culture and 
has formed a large variety of potato food products. 
Presently, the government is investing a lot in the potato 
industry and encouraging the conversion of fresh 
potatoes into starch for food application, the production 

of potato starch would be a commercially viable venture. 
Therefore, it was necessary to clarify starch differences 
in potatoes grown in enriched soils. 

The nutritional property of starch as food plays a key 
role in food application. Its function is closely related to 
the extent of digestion and absorption in the human body 
[3]. For this purpose, potato starch can be classified into 
three kinds of starch. One is rapidly digestible starch 
(RDS), which can rapidly convert into glucose molecules 
by enzymatic digestion within 20 min; the other is slowly 
digestible starch (SDS) that takes longer time for digestion 
and can be completely digested in the small intestine within 
120 min; the last one is resistant starch (RS) that is only 
fermented in the colon [4]. Compared to the former two 
kinds of starch, RS is a form of dietary fibre that exhibits 
extraordinary physiological benefits and unique functional 
properties, including the control of levels of glycaemic 
and cholesterol, and absorption of minerals [5,6].  

Potato is an excellent source of raw starch, which can 
be characterized by specific properties. A great proportion 
of gelatinized potato RS can escape digestion and be 
absorbed in the small intestine, and then fermented in the 
large intestine of human, thus it gains importance in the 
food processing industry. Nevertheless, the underlying 
mechanisms of relative resistance to the digestion of 
starch granules are still unclear because the factors are 
often interconnected by varieties, chemical compositions, 
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like protein and ash, granule size, gelatinization 
temperature, etc [3,7]. Besides, the content of RS in food 
is highly influenced by food processing techniques, which 
in turn could affect the functional properties of starch 
[8,9,10]. The purpose of this study was to characterize 
starches isolated from seven potato varieties with respect 
to their physicochemical, granule size, thermal properties, 
and in vitro digestibility by different gelatinized 
treatments. This research aimed at identifying appropriate 
starch for food application and developing proper 
treatment which is required for desired starch function.  

2. Materials and Methods 

2.1. Materials 
Four released potato varieties, Eshu No.5, Eshu No.10, 

Eshoo No.11, Eshu No.16, and two local potato cultivars 
named Mila and P4 were obtained from three locations in 
Enshi Prefecture, Enshi City, Lichuan City and Badong 
County. Typically, Eshu No.10 was both harvested in 
Enshi City and Badong County. Potato cultivars of 
comparable maturity levels were harvested in July 2016 to 
avoid seasonal differences in physicochemical characteristics 
among cultivars. The individual potato variety was marked 
as follows: Eshu No.5 from Enshi City- PS1, Eshu No.11 
from Enshi City- PS2, Eshu No.16 from Enshi City- PS3, 
Eshoo No.10 from Enshi City- PS4, Eshu No.10 from 
Badong county- PS5, Mila from Lichuan city- PS6, P4 
from Lichuan city- PS7. Three more kinds of starch from 
commercial potato, sweet potato, and cassava were used 
as control, which were purchased from the local market 
and marked as PS8, SPS9, and CPS10. 

2.2. Potato Starch Preparation  
Starches of the cultivated potato were obtained 

following Winchman et al. [11]. Potato tubers were rinsed, 
peeled, and cut into pieces. The pieces were soaked in a 
solution containing 10 mM citric acid and disintegrated 
using a centrifugal juicer. Pulp was discarded, and starch 
milk could sediment. The supernatant was discarded, and 
the starch pellet was resuspended in distilled water and 
passed through a 50 μm sieve. This step was repeated 
several times until the supernatant became transparent. 
The starch pellet was dried in an air oven at 50°C until the 
moisture content was lower than 8%. Dried starch was 
passed through a 100 μm sieve and stored in a sealed 
plastic bag at room temperature. 

2.3. Physicochemical Properties 
Content of moisture (Method AOAC 925.09), crude 

protein (Method AOAC 954.01), and ashes (Method 
AOAC 923.03) of the starches were measured. A nitrogen 
coefficient of 6.25 was used to calculate protein contents. 

2.4. Morphology of the Starch Granule 
To observe the shape and size of the starch granules, 

scanning electron micrographs of the starches were 
obtained by using an environmental scanning electron 

microscope (SEM, JEOL JSM-7500F +EDS, Tokyo, 
Japan) at 1000×magnification. Starch samples were 
attached to an SEM stub with double-sided cellophane 
tape. The sample was coated with gold-palladium to avoid 
charging under the electron beam after the acetone was 
volatilized. An accelerating voltage of 20 KV was used for 
the observation.  

Particle size distribution of starch samples was 
measured by using Mesmerizer 2000 (Malvern, UK). A 
small amount of starch was dispersed in water and the 
average size of particles was characterized by the volume 
mean diameter D [12].  

2.5. Thermal Properties 
The thermal properties of starches were analysed by 

using a differential scanning calorimeter (DSC, F204 
Phoenix Nietzsche, Germany) equipped with a thermal 
analysis station. Water-starch dispersion (2:1; w/w) was 
sealed in an aluminium pan. The pan was equilibrated for 
1 h at 20°C before heating in DSC. Then the samples were 
heated at a rate of 5°C/min from 20°C to 110°C, while the 
empty aluminium pan was used as a reference. Based on 
the received thermograms, the onset (To), peak (Top), and 
conclusion (Tc) gelatinization temperatures and enthalpy 
(ΔH), peak height (PH) of gelatinization were calculated 
automatically.  

2.6. In Vitro Starch Digestibility 
The starches were treated with hydrothermal, 

microwave, steam pressure and irradiation cooking to find 
out their different effect on starch digestibility. Two 
hundred milligrams of each starch sample were mixed 
with 25 mL of 0.1 M sodium acetate buffer (pH 5.2) in 50 
mL conical tubes and the mixture was stirred magnetically 
for 10 min before gelatinization treatment.  

For hydrothermal gelatinization, the capped tubes were 
heated in the boiling water bath for 10 min with constant 
shaking. After heating, they could cool to room 
temperature before being placed in a shaking water bath at 
37°C to equilibrate for 10 min. Non-microwave absorbing 
plastic containers with starch dispersions inside were 
directly placed in a heating chamber of a microwave oven 
set at 700 W for 25 s, and the solutions were heated for 10 
s to transfer heat throughout the entire sample. After that, 
they were placed in 37°C shaking water bath for 10 min 
for gelatinization. Steam pressure cooked starches were 
prepared in a closed pressure cooker for 10 min by 
providing high moisture steam at 121°C, and then cooled 
down to room temperature and put in the 37°C shaking 
water bath for 10 min.  Furthermore, the preheated starch 
solutions were also irradiated by 60Coγ ray under an 
irradiation dosage of 10 kGy. 

In vitro digestibility for gelatinized starches was 
determined according to Englyst et al. [12] with 
modifications. Gelatinized starches were mixed with 4 mL 
porcine pancreaticα-amylase (300U/mL) and 1 mL amyl 
glucosidase (2500U/mL) before assay, mixtures were 
incubated in a shaking water bath at 37°C. Enzyme 
solution was freshly prepared for each digestion. Aliquots 
containing 1 mL solution were taken from the reaction 
mixture in the enzymatic hydrolysates after 0, 20, and 
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120 minutes of hydrolysis, and immediately mixed with 
1 mL of 80% (v/v) ethanol to stop the reaction. The 
glucose content in the supernatant was measured using the 
glucose oxidase-peroxidase method described in AOAC 
method 996.11 with a GAGO20 glucose assay kit. The 
same procedures for digestibility were followed.  

( ) ( )20 0 0.9 100
G G

RDS %
TS
−

= × ×  

( ) ( )120 20 0.9 100
G G

SDS %
TS
−

= × ×  

( ) ( )
100

TS RDS SDS
RS %

TS
− −

= ×  

where G0, G20 and G120 were the contents of glucose 
released within 0, 20, and 120 min of hydrolysis, 
respectively; TS was total starch weight. 

2.7. Statistical Analysis 
All samples underwent three parallel tests, and the 

results were expressed as the mean ± standard deviation. 
One-way analysis of variance at a significance level of p < 
0.05 was used. The significance of differences between 
means was estimated with Duncan’s test. Principal 
component analysis (PCA) was used to provide a 
visualized way of differences and similarities among the 
investigated starches. Statistical calculations were done 
using V. 3.4.3 R packages and V. 7.05 DPS software. 

Table 1 Physicochemical properties of the starches isolated from 
potatoes grown in Enshi Prefecture of China 

Species Moisture 
(g/100 g) 

Ash 
(g/100 

g) 

Protein 
(g/100 g) 

Potato 

Enshi 

PS1 6.13 ± 
0.04a 

0.23 ± 
0.00e 

0.17 ± 
0.00cd 

PS2 5.53 ± 
0.00c 

0.21 ± 
0.03e 

0.12 ± 
0.01e 

PS3 5.32 ± 
0.16d 

0.37 ± 
0.02c 

0.22 ± 
0.02b 

PS4 4.98 ± 
0.05e 

0.55 ± 
0.04b 

0.14 ± 
0.02e 

Badong PS5 5.79 ± 
0.02b 

0.21 ± 
0.02e 

0.17 ± 
0.00cd 

Lichuan 
PS6 5.44 ± 

0.05cd 
0.33 ± 
0.03cd 

0.12 ± 
0.01e 

PS7 5.84 ± 
0.07b 

0.22 ± 
0.07e 

0.14 ± 
0.02ed 

Commercial PS8 4.18 ± 0.01f 0.25 ± 
0.02e 

0.18 ± 
0.00c 

Sweet  
potato SPS9 5.52 ± 

0.17cd 
0.86 ± 
0.01a 

0.67 ± 
0.02a 

Cassava CPS10 4.14 ± 0.07f 0.28 ± 
0.02ed 

0.15 ± 
0.00ed 

Values were means of duplicate determinations and values in the same 
row with different superscripts were significantly different at p < 0.05. 

3. Results and Discussion 

3.1. Physicochemical Properties 
Minor constituents in starch like moisture, protein and 

ash usually vary with botanical origin. Table 1 presents 
the values of the physicochemical parameters of starches. 

The moisture ranged between 4.14 and 6.13 g/100g for 
CPS10 and PS1 starch, and there were significant 
differences among the samples. Ash content of the 
samples varied from 0.21 g/100 g for PS2 and PS5 to 0.86 
g/100 g for SPS9, the highest ash content was observed in 
sweet potato starch. With respect to protein, the 
differentiation between starches was significant, the 
lowest protein content was observed at 0.12 g/100 g for 
PS2 and PS6, while the highest protein content was 0.67 
g/100 g for SP9. Starches low in protein were suggested 
for the high purity starch extracts [13]. Even though PS4 
and PS5 were the same potato variety (Eshoo No.10), they 
had a significant difference in minor constituents. This 
variation may be due to the difference in soil type and 
climate conditions because they were cultivated in 
different locations [15]. 

 
Figure 1. Scanning electron micrographs of potato starch (PS1, PS2, PS3, 
PS4, PS5, PS6, PS7, PS8, SPS9, CPS10) 

3.2. Starch Microscopy 

The size of starch granules depended on botanical 
origin and species [15]. Most of the granules of tubers and 
roots starches were oval, while some of them were round, 
spherical, polygonal, and irregular [16,17]. As shown in 
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Figure 1, potato starches PS1-PS8 had large, round or oval 
granules, the mean values of their sizes varied from 33.96 to 
51.94 μm. Similar results was also reported for commercial 
potato starch [18]. Sweet potato starch granules (SPS9) 
were mostly small to medium size, angular or round with 
some indented, the mean value of its size was 16.06 μm. 
Cassava starch (CPS10) had round or truncated granules 
with the mean value of size 14.904 μm. 

3.3. Thermal Properties 
The temperature at which granules burst in an 

aqueous medium was characteristic of the source of the 
starch [18]. To study the properties of the starches, 
DSC was used to evaluate the thermal properties of the 
starches during gelatinization. As shown in Table 2, the 
onset temperature values (TO) ranged from 56.25°C for 
PS8 to 68.90°C for SPS9. The peak temperature (TP) 
occurred between 61.50°C for PS8 and 78.30°C for 
SPS9, whilst the end temperature (TE) was from 

67.40°C for PS8 to 79.15°C for SPS9. The differences 
in the gelatinization temperature between analysed 
starches may result from different degrees of 
crystallinity of the starch samples, starch granules with 
high degree of crystallinity gelatinized at high 
temperature because of their greater stability and 
resistance to hydrothermal treatment [19]. Values of 
gelatinization enthalpy (GE) for the starches ranged 
between 3.52 J/g for CPS10 and 5.87 J/g for PS5, GEs 
obtained in this study were somewhat lower than 
previous investigations [20,22]. GE was a measurement 
of the amount of energy needed to disintegrate the 
ordered structure of the starch granules [20]; values of 
GE depended on many factors, granule shape, size and 
degree of crystallinity all belonged to important factors. 
Kaur et al reported that potato starches which were 
predominantly composed of large granules showed 
greater GE [23]. However, Noda et al. demonstrated 
that there were no significant differences in values of 
GE between different potato starches [24]. 

Table 2. Thermodynamic characteristics of gelatinization of different starches 

Potato varieties Onset temperature, TO (℃) Peak t temperature, TP (℃) Completion temperature, TC (℃) Endothermic enthalpy, ΔH (J/g) 
PS1 62.95±0.21bcd 66.00±0.28d 71.25±0.07b 5.40±0.19b 
PS2 60.95±0.21b 65.05±0.07b 70.80±1.31b 5.20±0.02b 
PS3 63.45±0.07cd 66.80±0.14e 72.40±0.00c 5.17±1.33b 
PS4 63.55±0.07cd 67.45±0.21f 74.00±0.14d 4.75±0.01ab 
PS5 62.05±0.21bcd 65.60±0.14c 70.65±0.07b 5.87±0.82b 
PS6 65.80±0.00e 69.10±0.14h 74.00±0.00d 5.54±0.54b 
PS7 63.75±0.07d 68.00±0.00g 73.15±0.21cd 3.76±0.37a 
PS8 56.25±0.07a 61.50±0.14a 67.40±0.71a 5.21±0.02b 

SPS9 68.90±2.69f 78.30±0.14i 79.15±0.07e 4.71±0.03ab 
CPS10 61.60±0.14bc 65.95±0.07d 70.80±0.14b 3.52±0.32a 

Values are means of duplicate determinations and values in the same row with different superscripts are significantly different at p < 0.05 

Table 3. Effect of high temperature, microwave, steam pressure and Co irradiation on starch digestibility 

Potato 
varieties 

Treatment 
Hydrothermal Microwave Steam pressure Co irradiation 

RDS 
(%) 

SDS 
(%) RS (%) RDS 

(%) 
SDS 
(%) RS (%) RDS 

(%) 
SDS 
(%) RS (%) RDS 

(%) 
SDS 
(%) RS (%) 

PS1 70.96 ± 
1.24c 

13.60 ± 
0.57b 

15.43 ± 
0.87b 

36.66 ± 
3.72h 

6.36 ± 
2.33cd 

56.98 ± 
5.93a 

69.21 ± 
1.14ab 

6.50 ± 
1.28cd 

24.29 ± 
1.82ed 

58.31 ± 
1.47d 

2.04 ± 
0.59cd 

39.66 ± 
1.72b 

PS2 81.48 ± 
0.94ab 

8.07 ± 
0.51d 

10.45 ± 
0.70c 

80.26 ± 
0.82a 

4.25 ± 
1.78d 

15.49 ± 
2.47e 

74.02 ± 
1.65a 

10.80 ± 
0.67ab 

15.18 ± 
2.23f 

73.04 ± 
3.14a 

4.013 ± 
1.35ab 

22.95 ± 
4.48e 

PS3 81.91 ± 
0.34ab 

11.62 ± 
0.60c 

6.47 ± 
0.49cd 

74.51 ± 
1.11cb 

4.59 ± 
0.26d 

20.91 ± 
1.37d 

58.14 ± 
1.62c 

12.97 ± 
1.39a 

28.90 ± 
3.01ecd 

66.19 ± 
2.06bc 

4.82 ± 
1.29a 

28.98 ± 
3.34d 

PS4 85.24 ± 
0.42a 

8.06 ± 
0.10d 

6.70 ± 
0.49cd 

62.80 ± 
1.35e 

6.14 ± 
1.61cd 

31.5 ± 
2.95c 

71.36 ± 
3.66a 

6.38 ± 
1.89cd 

22.27 ± 
3.71e 

67.54 ± 
1.15b 

0.60 ± 
0.62d 

31.86 ± 
1.67dc 

PS5 84.25 ± 
0.96ab 

9.04 ± 
0.09d 

6.71 ± 
0.92cd 

51.13 ± 
1.46f 

12.83 ± 
2.72a 

36.05 ± 
3.36c 

70.73 ± 
3.04a 

5.56 ± 
1.06d 

23.71 ± 
4.10e 

63.60 ± 
1.43c 

2.05 ± 
0.76cd 

34.35 ± 
2.05c 

PS6 80.73 ± 
0.46b 

14.34 ± 
0.43ab 

4.93 ± 
0.39d 

42.69 ± 
1.48g 

8.79 ± 
0.51cb 

48.52 ± 
1.99b 

65.42 ± 
1.64b 

8.82 ± 
0.24ab 

25.76 ± 
1.81ed 

66.74 ± 
0.80bc 

1.60 ± 
0.86d 

31.67 ± 
1.57dc 

PS7 84.14 ± 
1.56b 

10.48 ± 
1.69c 

4.89 ± 
0.83cd 

74.31 ± 
2.41c 

10.59 ± 
0.80ab 

15.10 ± 
2.46e 

58.57 ± 
2.83 

10.77 ± 
0.69ab 

30.66 ± 
2.89cd 

67.12 ± 
1.57b 

1.05 ± 
0.78d 

31.83 ± 
2.33dc 

PS8 70.52 ± 
0.87c 

3.66 ± 
0.65e 

25.82 ± 
1.53a 

71.26 ± 
1.62c 

4.09 ± 
1.29d 

24.65 ± 
2.90d 

58.70 ± 
3.38 

6.22 ± 
1.43cd 

35.08 ± 
4.79c 

43.60 ± 
1.74e 

1.45 ± 
1.55d 

54.96 ± 
1.97a 

SPS9 73.76 ± 
1.54c 

15.35 ± 
0.46a 

10.89 ± 
1.25c 

67.37 ± 
1.57d 

9.52 ± 
1.48b 

23.11 ± 
3.04d 

32.11 ± 
3.68 

5.13 ± 
1.92d 

62.76 ± 
5.32a 

66.02 ± 
1.25bc 

2.25 ± 
0.75sbd 

31.73 ± 
1.97dc 

CPS10 81.53 ± 
0.84ab 

7.42 ± 
0.36d 

11.05 ± 
0.76c 

77.71 ± 
1.83ab 

7.91 ± 
1.05cb 

14.37 ± 
1.18e 

46.89 ± 
2.49 

6.24 ± 
2.88cd 

46.87 ± 
5.12b 

60.27 ± 
2.07d 

3.82 ± 
1.24cab 

35.90 ± 
3.14bc 

Values are means of duplicate determinations and values in the same row with different superscripts are significantly different at p < 0.05. 
RDS: rapidly digestible starch.  SDS: slowly digestible starch. RS: resistant starch. 
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3.4. Starch Digestibility  
Resistant starches on human metabolism were beneficial 

because they decreased postprandial glycaemia after 
ingestion of starch-rich foods. Food processing conditions 
were the main factors that influenced starch digestibility 
[10,25]. This section assessed in vitro starch digestion of 
various starch to ascertain the influence of different 
processing methods on the enzymatic degradation of 
potato starch. 

As shown in Table 3, by hydrothermal treatment, 70% 
more starches of all samples were digested by porcine 
pancreatin in 20 min incubation, the most rapid digestion 
fraction was PS4, while the least was PS8. After 120 min 
digestion, the percentages of the resistant starch changed, 
and PS8 had the highest RS content. Starches which had 
low RDS content tended to be high in RS. The percentage 
of starch susceptibility to in vitro enzyme digestion varied 
significantly among samples. 

Starch digestibility by microwave cooking varied 
significantly among the samples. RDS content varied from 
36.66% for PS1 to 80.26% for PS2 and the content of the 
former was more than double that of the latter. For RS 
content, PS1 had the least starch digestibility and PS2 had 
the largest digestibility. Compared to hydrothermal 
cooking, the digestibility of the samples in microwave 
cooking varied more greatly.  

Steam pressure cooking for 10 min decreased enzymatic 
digestion of the starches compared to hydrothermal cooking. 
The highest increment of 74.02% was observed in PS2 
followed by PS4 71.36% and PS5 70.73% after 20 min 
enzymatic hydrolysis, while SPS9 decreased to 32.10% 
and the CPS10 decreased to 46.89%. The percentage of 
starch susceptibility to in vitro enzyme digestion varied 
significantly between samples. SPS9 had the maximum 
RS content followed by CPS10. The results showed that 
sweet potato and cassava starch had the minimum starch 
digestibility than potato starch under steam-pressure 
cooking. Besides, starch sample digestibility by pressure 
cooking decreased markedly compared to hydrothermal 
cooking. The cause of these phenomena may due to the 
pastes that had gelatinized in steamed pressure and formed 
partial gel structures via amylose-amylose interactions, 
thus retarded starch hydrolysis by enzyme [26].  

Irradiation by 60Co with a dosage rate of 10 kGy had a 
significant effect on starch digestibility. RDS content 
changed from 43.60% for PS8 to 73.04% for PS2 but RS 
content varied from 22.95% for PS2 to 54.96% for PS8. In 
general, high-dose irradiation treatment could increase RS 
content and decrease starch digestibility. Starch 
digestibility in vitro being reduced at high doses may owe 
to the formation of inhibitors of amylolytic enzymes as in 
Maillard reactions or owe to the formation of resistant 
starch made up of short amylose chains [27]. Short-chain 
amylose molecules were formed when the –(1-6) glycosidic 
bonds of large amylopectin molecules were broken. Short-
chain amylose molecules were well known to be resistant to 
hydrolysis by amylases owing to retrogradation [28]. 
Another possible cause of decreased starch digestibility at 
high doses may be the formation of indigestible properties. 
A prior study documented that starch digestibility after 
120 min increased to a maximum value at 2.5 kGy, then 

decreased between 5 and 10 kGy. During pyrolysis, new 
glycosidic bonds, such as β-(1-2) and β-(1-4) bonds, may 
be formed by trans glycosylation in starch molecules, 
hence decreasing starch digestibility [29]. 

 
Figure 2. Scatter plot based on the first, second and third factors. PCA 
loading plots for PC1 & PC2 factors (A) and PC1 & PC3 (B) 

3.5. Principal Component Analysis and 
Hierarchical·Cluster Analysis 

Since fewer amounts of the measured characteristics 
can give a better visualization of the differences among 
the samples, the PCA number of variables were reduced 
by using correlations among the parameters. Figure 2 
showed the result of PCA based on the selected 
parameters. PCA loading plots for PC1 and PC2 factors 
were shown in Figure 2A. Loading plots for PC1 and 
PC3 were shown in Figure 2B. Principal Component 1 
(PC1) contributed 43.13% of the total variability, while 
PC2 accounted for 27.39% of the total variability. PC3 
contributed 20.26% of the observed variability. The first 
three principal components could explain 90.78% of the 
overall variation, thus making this model usable for 
further principal component analysis. The distribution of 
different starch varieties on the plot showed the overall 
variation among compared starches. PC1 was dominated 
by the effects of T0 and ΔH, supplemented by the effects 
of moisture and ash content; PC2 was dominated by the 
effects of protein, supplemented by the effects of 
moisture, T0, and ΔH; and PC3 was dominated by the 
effects of T0, supplemented by the effects of TP and TC. 
Therefore, the model indicated significant similarities 
among samples of PS2, PS3, PS4, PS5, and PS7, they 
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were grouped into the first group of starches, while PS1 
and PS6 were classified into the second group. PS8, 
SPS9, and CPS10 starch were marked differently from 
the other ones.  

Based on the main physicochemical property indexes 
of potato starch, the 10 samples were further analysed by 
SPSS 23.0 for systematic clustering. As shown in Figure. 
3, 10 varieties of samples were clustered into 4 classes 
by setting the Euclidean distance to 5.0. Evidently, the 
local potato starch in Enshi has a big difference 
compared with the commonly marketed ones. This was 
consistent with the results found by Chang et al. in rice, 
they reckon the differences may be due to differences in 
soil selenium content [1]. 

 
Figure 3. Dendrogram for cluster analysis of various potato starches 

4. Conclusion 

The present study showed the physicochemical 
properties of potato starches from potatoes grown in Enshi 
Prefecture of China and their in vitro digestibility. The 
physicochemical properties of each potato starch were 
significantly different. The digestibility of potato starch 
was greatly influenced by processing conditions, 
microwave cooking can significantly increase the content 
of RS. Principal component analysis demonstrated an 
ability to differentiate the starches isolated from different 
potato cultivars. These results could be of practical value 
from a nutritional perspective for populations who need to 
consume more RS, as well as industries interested in 
developing functional food using potato starch.  
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