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Abstract 

Purpose: To examine the effect of steam-explosion (SE) strength on the molecular structure of sweet 
potato starch.  
Methods: Sweet potato starch was pre-treated using SE method. The effects of SE pressure and 
pressure-holding time on the molecular structure of the sweet potato starch were investigated by gel 
chromatography (GPC), infrared spectroscopy, and grading analysis.   
Results: The molecular weight (MW) of the starch pre-treated by SE technology decreased with 
increasing explosion pressure and pressure-holding time; however, the individual MW of amylopectin 
and amylose declined from 439,834 and 6578 to 238,603 and 4845, respectively. Furthermore, the peak 
area ratio (obtained by GPC) of amylopectin decreased from 84.39 to 65.16 % while that of amylose 
increased from 15.61 to 34.84 %. No new absorption peaks were found in the infrared spectra of sweet 
potato starch following SE pre-treatment. Crystallization index and median diameter of sweet potato 
starch increased from 1.661 to 1.959 and from 13.73 µm to 76.36 µm, respectively, with rising pressure 
and pressure-holding time, following SE pre-treatment. 
Conclusion: SE pre-treatment effectively degrades the degree of polymerisation of molecular chains in 
sweet potato starch and enhances the degree of crystallinity thereof. SE method is an approach for the 
production of sweet potato starch with high-level anti-digestion characteristics. 
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INTRODUCTION 
 
Steam-explosion (SE) treatment, developed by 
WH Mason in 1928, is a method used for pre-
treating biomasses by heating raw materials to 
between 0.69 and 4.83 MPa for several seconds 
(or even minutes) using saturated steam at 160 
to 260 °C and then reducing the pressure 
suddenly to atmospheric pressure [1]. The 
primary working principle of SE is to expose raw 
materials to steam under high temperature and 
pressure for a specific period of time where the 
materials swell owing to the presence of the 

overheated liquid and then their pores are filled 
with steam. When the high pressure is rapidly 
released to the surrounding environment (within 
0.00875 s), the water vapour inside the materials 
expands and exerts pressure on the cell walls, 
which causes the materials to undergo explosive 
decompression [2-4]. 
 
Although it has been 80 years since the 
technology was first proposed, SE treatment is 
used for treating wood fibres to separate 
components and change the structure of fibrous 
materials, so as to improve the accessibility of 
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celluloses to enzymes and chemical reagents [5-
7]. However, there are no relevant reports about 
the application of SE treatment in the pre-
treatment of sweet potato starch. SE has been 
increasingly considered as one of the most 
efficient, environmentally friendly, and cost-
effective pre-treatment methods for transforming 
biomass resources and can be carried out on a 
large scale [8]. 
 
In the present work, sweet potato starch was pre-
treated by using SE technology, so as to 
increase the starch crystallinity and enhance its 
surface textural roughness. The aim of the 
research is to provide theoretical support for the 
application of SE technology in the pre-treatment 
of sweet potato starch, as this may further 
promote its application in the food and 
pharmaceutical industries. 
 
EXPERIMENTAL 
 
Materials 
 
Sweet potato starch was purchased from 
Agriculture Development Limited Company, 
Hezai, Henan. α-amylase and glucoamylase 
were kindly provided by Fuyuan Biological 
Science and Technology Limited Company, 
Zhengzhou, Henan. The other chemicals were of 
analytical grade. 
 
SE treatment   
 
Sweet potato starches (200 g) were added to a 
cylinder (QBS-80-type testbed for steam-
explosion produced by Zhengdao Heavy 
Machinery Factory in Hebi, Henan Province, 
China). SE treatment was performed at 1.2–2.4 
MPa for 20–80 s. Finally, the materials extruded 
from the cylindrical intracavity were collected and 
dried [7]. 
 
Preparation of sample solution of starch 
 
Samples of sweet potato starches (mass, 50 mg) 
were weighed and dissolved in a 10 mL dimethyl 
sulfoxide solution with a concentration of 90 %. 
Then the solution was stirred at 60 °C for 1 h by 
using a magnetic heating stirrer so as to obtain a 
clarified standard solution.  
 
Subsequently, the standard solution was 
centrifuged for 20 min at a rate of rotation of 
3000 rpm. After being filtered through a nylon-
microporous membrane (0.45 μm mesh), the 
supernatant was studied by gel permeation 
chromatography (GPC) with an injection amount 
of 100 μL [9]. 
 

GPC analysis 
 
The chromatographic column used in the GPC 
was of the ultra-hydrogel linear type. The mobile 
phase used in the GPC was 0.1 mol/L sodium 
nitrate filtered by a micro-filtration membrane of 
0.22 μm aperture flowing at a velocity of 0.6 
mL/min. The column temperature was 45 °C. 
 
Fourier transform infrared spectroscopy (FT-
IR) 
 
FT-IR (Nicolet 470; Perkin Elmer Inc., Waltham, 
MA, USA) was adopted to determine the 
structure of the sweet potato starch according to 
the method reported by Li et al [10]. 
 
Determination of size distribution of starch 
granules 
 
A certain amount of the starch samples was 
weighed and added to the cuvette of a laser 
particle size analyser. Then the starch granules 
were uniformly dispersed through ultrasonic 
oscillation using distilled water as the dispersing 
agent. When the shading rate reached to 15 % to 
18 %, the range and distribution of particle sizes 
were determined three times and the mean 
average values were calculated. The refractive 
index of the starch granules was 1.53 while that 
of the dispersing agent was 1.33. 
 
Statistical analysis  
 
Statistical analysis was carried out using DPS 
7.05 software (Zhejiang University, Hangzhou, 
China). All measurements were repeated three 
times and mean ± standard deviation obtained. 
Statistical comparisons were carried out using 
Dixon test, with p < 0.05 considered statistically 
significant. 
 
RESULTS 
 
Effects of SE pre-treatment on the MW of 
sweet potato starch  
 
The high-performance gel chromatogram of the 
pre-treated sweet potato starch samples is 
shown in Figure 1. It can be seen from Figure 1 
that amylose and amylopectin constitute the 
major components of natural sweet potato 
starch. As molecules with larger MW were eluted 
first during gel chromatography, so amylopectin 
was eluted earlier than amylose. 
 
The sweet potato starch were pre-treated by use 
of the proposed SE technology to study the 
effects of explosion pressure and pressure-
holding time on the MW distribution of the sweet 
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potato starch, the gel chromatograms are shown 
in Figure 2 and Figure 3. 

  
Figure 1:  Gel chromatogram of sweet potato starch  

Table 1 and Table 2 show that after the sweet 
potato starches had been pre-treated, the MWs 
of both amylopectin and amylose decreased to 
some extent. With the increase of the explosion 
pressure and the rise time of the treatment, the 
area of the amylopectin (with its longer molecular 
chains) peaks gradually declined while that of 
amylose (with its shorter molecular chains) peaks 
increased. The reason for this was probably that 
some of the α-1, 6 glucosidic bonds were broken 
under the effect of the SE treatment. In addition, 
splitting decomposition also occurred on the α-1, 
4 glucosidic bonds so as to produce more micro-
molecular starches, resulting in decreasing MWs

 

 
(a) 1.2 Mpa,40 s                                                                   (b) 1.6 Mpa,40 s 

 
              (c) 2.0 Mpa, 40 s                            (d) 2.4 Mpa, 40 s 
 
Figure 2:  Effect of steam exploded pressure on gel chromatogram of sweet potato starch 
 
Table 1:  Effect of steam exploded pressure on molecular weight distribution of sweet potato starch  
 
SE pressure 
(MPa) 

Peak 1 Peak 2 
MW Peak area ratio (%) MW Peak area ratio (%) 

0 439834 84.39 6578 15.61 
1.2 389287 79.02 5654 20.98 
1.6 320346 76.72 5354 23.84 
2.0 284631 69.63 5126 30.37 
2.4 238603 65.16 4845 34.84 
Key: Pressure-holding time was 40 s, and moisture content of samples was 12.37 %. 
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(a) 1.2 Mpa,20 s                         (b) 1.2 Mpa,40 s 

 

 
                   (c) 1.2 Mpa, 60 s                          (d) 1.2 Mpa, 80 s 
 
Figure 3: Effect of SE pressure-holding time on gel chromatogram of sweet potato starch 
 
Table 2: Effect of SE pressure-holding time on molecular weight distribution of sweet potato starch  
 

Holding time (s) Peak 1 Peak 2 
MW Peak area ratio (%) MW Peak area ratio (%) 

0 439834 84.39 6578 15.61 
20 419769 80.90 5793 19.10 
40 389287 79.02 5654 20.98 
60 355499 74.48 4526 25.52 
80 332806 67.57 3716 32.43 
Key: SE pressure was 1.2 Mpa, and moisture content of samples was 12.37 % 
 
of the starches. Amylopectin was degraded and 
α-1, 6 glucosidic bonds were spilt to form new 
shorter amylose molecules through using the 
proposed SE treatment. Additionally, α-1, 4 
glucosidic bonds in the longer amylose chain 
were damaged, changing longer amylose 
molecules to shorter one. As a result, the peak 
area ratio of the short-chain peaks increased. 
 
Effect of SE pre-treatment on the infrared 
spectrum of sweet potato starch 
 
The infrared spectra of the sweet potato starches 
pre-treated by SE technology are shown in 
Figure 4 and Figure 5. 
 
Figures 4 and 5 show that no new absorption 
peaks occurred on the infrared spectrogram of 

the pre-treated sweet potato starches by 
comparing them with that of the original starch 
samples. That is to say, no new functional 
groups appeared on the molecular skeleton of 
the sweet potato starch, which suggested that 
the chemical structure of the sweet potato starch 
was unchanged after SE treatment. 
 
The infrared spectrum of the starch samples was 
easily affected by the changes in starch 
crystallisation, the conformation of molecular 
chains, and the presence of helical structures. 
Starch is a poly-crystalline high-molecular weight 
polymer and its infrared spectrogram shows a 
specific absorption band sensitive to 
crystallization when it is crystalline. Moreover, 
the strength of the crystalline region is related to 
the degree of crystallinity: the higher the degree
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Figure 4: Effects of steam exploded pressure on infrared spectrum of sweet potato starch. Key: a = 0 Mpa, 0 s; 
b = 1.2 Mpa, 40 s; c = 1.6 Mpa, 40 s; d = 2.0 Mpa, 40 s; e = 2.4 Mpa, 40 s 
 

 
 
Figure 5:  Effect of SE pressure-holding time on infrared spectrum of sweet potato starch.  Key: a = 0 Mpa, 0 S; 
b = 1.2 Mpa, 20 s; c = 1.2 Mpa, 40 s; d = 1.2 Mpa, 60 S; e = 1.2 Mpa, 80 s 
 
of crystallinity, the stronger the strength of the 
crystalline region, otherwise, that of amorphous 
regions increased [11]. The infrared 
crystallization index of the starches was 
computed using Eq. 1. 
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where N-O′KI represents the infrared 
crystallization index, T1158 refers to the 
transmittance of C-O-C stretching vibration 
absorption peak at 1,158 cm-1, and T2931 refers 
to the transmittance of the C—CH2—C stretching 
vibration absorption peak at 2,931 cm-1. Changes 
in the degree of crystallinity of starches can be 

represented by analysis of the two stretching 
vibrations. 
 
Changes in the crystallization indices of the 
sweet potato starch samples pre-treated by the 
SE technology are shown in Table 3 and Table 4. 
 
It can be seen from Table 3 that the 
crystallisation indices of the sweet potato starch 
samples increased from 1.661 to 1.959 (at 2.4 
MPa) with rising explosion pressure. Table 4 
shows that the crystallisation index increased 
from 1.661 to 1.917 (at 80 s) with increasing 
pressure-holding time. The aforementioned 
results indicated that, longer molecular chains in 
the molecules of the sweet potato starch 
samples were broken to form shorter pieces, 
which were liable to form molecular crystalline 
textures in the starch samples. As a result, the 
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structural characteristics of the crystallising 
layers of the starches were gradually 
strengthened, while that of their amorphous 
layers decreased. 
 
Table 3: Effect of steam exploded pressure on 
infrared crystallisation index of sweet potato starch 
 
SE 
pressure 
(MPa) 

Tλ1158(%) Tλ2931(%) N-O′KI 

0 34.396 52.612 1.661 
1.2  16.814 36.225 1.756 
1.6  17.065 36.986 1.778 
2.0  18.494 39.349 1.809 
2.4 24.604 48.905 1.959 
 
Table 4:  Effects of SE pressure-holding time on 
infrared crystallisation index of sweet potato starch 
 

Holding 
time (s) Tλ1158(%) Tλ2931(

%) N-O′KI 
0 34.396 52.612 1.661 
20 16.547 35.245 1.725 
40 16.807 36.251 1.757 
60 21.819 43.374 1.823 
80 23.786 47.282 1.917 

 
Effect of SE pre-treatment on the particle 
diameter 
 
Changes in the particle diameters of the sweet 
potato starches pre-treated with the proposed SE 
technology were displayed in Table 5 and Table 
6. 
 
Table 5: Effect of steam exploded pressure on particle 
diameters of sweet potato starch 
 

SE 
pressure 
(MPa) 

Median diameter 
(μm) 

Volume 
mean 

diameter 
(μm) 

0 13.73±0.02 14.68±0.02 
1.2  32.85±0.02 38.85±0.02 
1.6  47.85±0.03 59.85±0.03 
2.0  60.89±0.01 74.28±0.01 
2.4 68.81±0.02 85.80±0.02 

 
Table 6: Effect of SE pressure-holding time on particle 
diameters of sweet potato starch 
 

Holding time 
(s) 

Median 
diameter 

(μm) 
Volume mean 
diameter (μm) 

0 13.73±0.02 14.68±0.02 
20 21.85±0.02 23.85±0.02 
40 32.85±0.02 38.85±0.02 
60 57.89±0.01 66.28±0.01 
80 76.36±0.02 93.53±0.02 

It can be seen from Table 5 and Table 6 that the 
particle granularity of the pre-treated sweet 
potato starch significantly increased. For 
example, the median diameter (D50) and volume 
mean diameter of the sweet potato starch before 
treatment were 13.73 and 14.68 μm, 
respectively; while in comparison, they were 
68.81 and 85.80 μm, separately, after treatment 
at different explosion pressures (2.4 MPa). This 
result was induced by the puffing effect arising as 
a result of the SE process. 
 
DISCUSSION 
 
The SE displays an effect of breaking macro-
molecular lattices at a molecular level and exerts 
various synergistic effects similar to acid 
hydrolysis, thermal degradation, mechanical 
fracture, oxygen bond failure, and structural 
rearrangement. The physical and chemical 
structures of the raw materials can be changed 
to a significant extent during processing.  
 
In SE treatment process, a gelatinization effect 
occurred so as to break the granule structures 
when the sweet potato starch was combined with 
high-temperature steam in the cylinder. When 
the pneumatic valve was opened, after 
maintaining the applied pressure for a certain 
time, the pressure was reduced suddenly and the 
materials exploded, leading to rapid particle 
expansion. Some particles were broken up to 
form micro-molecular particles while some un-
ruptured particles formed larger, irregular 
particles. The molecules of the starches were 
rearranged to form well-organized crystalline 
textures after sub-cooling. Furthermore, the 
texture was more compact in the form of re-
crystallized fragments with inhomogeneous 
shapes and sizes. 
 
CONCLUSION 
 
The molecular chains of sweet potato starch are 
fractured to decrease their degree of 
polymerization after SE treatment. As a result, 
the proportion of the starch with shorter 
molecular chains and the crystallization index of 
the starches, increase. Therefore, SE 
technology, when used as a pre-treatment 
method, can effectively increase the crystalline 
texture of sweet potato starch. 
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